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Protect_ion and monitoring of the electrical energy transmission networks - Appendix 6

 APPENDIX  6
(by clicking above you return to the general summary)

CHaracTEristiCs oF a few  distance  protective  relays

Generalities: 











1 - Studied relays



2 - Choice of impedance plans



3 - Particularities of the pick up


4 - Particularities of phase to earth distance  measurement


5 - Kind of fault



5 - 1  - Phase to phase 









5 - 2 - Phase to earth









5 - 3 - Balanced three phase fault









5 - 4  - Phase to phase to earth fault









PXLN, MICOM and EPAC
REZ1
PXLP
PDS
RAZOA
PD3A
PXLC - PSEL 

RXAP
7 SA 511
REL 100
S 321 - 5
Recapitulation of the performances reckoned by UMBRELLA

PXLN, MICOM  and  EPAC











1 - Input data


1 - 1 - Pick up


1 - 1 - 1 - Classic type pick up


1 - 1 - 2 - Pick up using quick variations

1 - 2 - Out of step


1 - 3 - Phase selection

1 - 4 - Distance measurement

2  - Drawing of the characteristic in case of fault







2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden


2 - 2 - Pick up in case of three phase fault, or in case of safe operation.


2 - 3 - Pick up in case of fault between phase r and earth, supplied by one side, and without burden 


3 - Setting parameters of the PXLN

3 - 1 - Line characteristics

3 - 2 - Zone setting

3 - 3 - Fault resistance

3 - 4 - Timers
3 - 5 - Type of line
3 - 6 - Signalling system
3 - 7 - Out of step 

3 - 8 - Type of tripping
3 - 9 - Type of voltage reducer

4 - Setting parameters of the EPAC 3000 and the MICOM P 442
4 - 1 - Line characteristics

4 - 2 - Zone setting

4 - 3 - Fault resistance

4 - 4 - Out of step

4 - 5 - Signalling system

4 - 6 - Timers

5 - Pick up width reckoning

5 - 1 - Study of three phase load report on a meshed double circuit line

5 - 1 - 1 - Drawing of the transit, out of step and pick up characteristics

5  - 1 - 2 - Compatibility between the external out of step characteristic and the three phase load report one

5  - 1 - 3 - Results of reckoning by Umbrella

5 - 2 - Phase r load report on a meshed double circuit line.

5 - 3 - Sensitivity of the quick measurement loops to the single phase and three phase load reports.

5 - 4 - Supply of a customer.

5 - 5 - Link between a power plant and a substation

6 - Zone reckoning

6 - 1 - Protection of a single circuit line

6 - 1 - 1 - First zone X1 

6 - 1 - 2 - Second zone X2

6 - 1 -3 - Third  zone X3

6 - 1 -4 - Pick up zones
6 - 2 - Protection of a double circuit line

6 - 3 - Parameters to be implemented on the relay

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

7 - 2 - Maximal reach in case of solid fault

8 - Timers
9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up

9 - 2 - Resistive reach

9 - 3 - Backward pick up

9 - 4 - Global criterion
REZ1













1 - Input data and drawing of the characteristic in case of fault


1 - 1 -  Pick up











1 - 1 - 1 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
1 - 1 - 2 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden


1 - 1 - 3 - Pick up in case of three phase fault, or in case of safe operation.



1 - 2 - Distance measurement










1 - 3 - Phase selection











1 - 4 - Numerical application

2 - Setting parameters

2 - 1 - Reactance x used for pick up and zone limitation.
2 - 2 - Argument of line impedance and earth impedance
2 - 3 - Resistance rf
2 - 4 - Earth factor ko_relay 

2 - 5 - Start up current thresholds 

2 - 6 - Affectation of  zones to modules 

2 - 7 - Timers 

2 - 8 - Choice of signalling scheme 

2 - 9 - Out of step

3 - Pick up width reckoning

3 - 1 - Study of three phase load report on a meshed double circuit line
3 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristic
3 -1 - 2 - Compatibility between the external out of step characteristic and the three phase load report one 

3 - 1 - 3 - Compatibility between the external out of step characteristic and the pick up one 

3 - 2 - Phase r load report on a meshed double circuit line.

3 - 3 - Supply of a  customer.

3 - 4 - Link between a power plant and a substation

4 - Zone reckoning

4 - 1 - Protection of a single circuit line

4 - 1 - 1 - First zone X1
4 - 1 - 2 - Second  zone X2

4 - 1 -3 - Forward zone  X3

4 - 1 -4 - Backward zone  X4

4 - 2 - Protection of a double circuit line
4 - 3 - Parameters to implement on the relay 

5 - Reckoning of the data characterising the relay behaviour

5 - 1 - Maximal detectable resistance
5 - 2 - Maximal reach in case of solid fault

6 - Timers

7 - Satisfaction of the conditions expressed in the setting guidebook

7 - 1 - Forward pick up
7 - 2 - Resistive reach
7 - 3 - Backward pick up 

PXLP













1 - Input data



2  - Drawing of the characteristic in case of fault.


2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden


2 - 2 - Pick up in case of three phase fault, or in case of safe operation.


2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - Implementation from front side

3 - 1 - 1 - Forward pick up

3 - 1 - 2 - Backward pick up

3 - 1 - 3 - Distance measurement

3 - 1 -4 - Out of step

3 - 1 - 5 -Timers

3 - 2 - Implementation from the prints

3 - 2 - 1 - Shape of the characteristic

3 - 2 - 2 - Signalling schemes

3 -2 - 3 - Threshold relay

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line
4 - 1 - 1 Drawing of  the transit, the out of step and the pick up characteristic

4 - 1 - 2 - Reckoning of the parameter defining the pick up circle and the out of step circle 

4 - 2 - Study of the single phase load report on a meshed double circuit line

4 - 3 - Supply of a customer

4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - First  zone X1

5 - 1 - 2 - Second  zone X2

5 - 2 - Protection of a double circuit line

6 - Out of step reckoning

7 - Timers

8 - Reckoning of the data characterising the relay behaviour

8 - 1 - Maximal detectable resistance 

8 - 2 - Maximal reach in case of solid fault

9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up

9 - 2 - Resistive reach

9 - 3 - Backward pick up

Appendix 6.31
PDS













1 - Input data




2  - Drawing of the characteristic in case of fault.


2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.



2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - Reactance
3 - 2 - Resistance
3 - 3 - Out of step

3 - 4 - Argument 

3 - 5 - Earth factor ko

3 - 6 - Tripping delays

3 - 7 - Non settable thresholds

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristic
4 - 1 - 2 - Reckoning of the bandwidth in relation with the transit

4 - 2 - Study of single phase load report on a meshed double circuit line

4 - 3 - Supply of a customer

4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - First  zone X1

5 - 1 - 2 - Second  zone X2

5 - 2 - Protection of a double circuit line

6 - Timers

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

7 - 2 - Maximal reach in case of solid fault

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

8 - 2 - Resistive reach

8 - 3 - Backward pick up

RAZOA













1 - Input data



2 - Drawing of the characteristic in case of fault.








2 - 1 - Circular pick up.








2 - 1 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden
2 - 1 - 2 - Pick up in case of three phase fault, or in case of safe operation.

2 - 1 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
2 - 2 - Modified lens (ice cream cone) pick up 
2 - 2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden
2 - 2 - 2 - Pick up in case of three phase fault, or in case of safe operation.

2 - 2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
2 - 3 - Out of step
2 - 4 - Distance measurement
3 - Setting parameters

3 - 1 - Overcurrent pick up

3 - 2 - External underimpedance pick up

3 - 3 - Zero sequence current relays switching the pick up loops 

3 - 4 - Out of step

3 - 5 - Distance and resistance measurement
3 - 6 - Choice of signalling scheme
3 - 7 - Timers
3 - 8 - Choice of tripping mode 

4 - Pick up width reckoning

4 - 1 - Circular characteristic 

4 - 1 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1 - 1 -  Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 1 - 2 - Compatibility between out of step and transit
4 - 1 - 1 - 3 - Compatibility between out of step and pick up 

4 - 1 - 1 - 4 - Compatibility between the out of step and the greatest distance measurement zone 

4 - 1 - 1 - 5 - Compatibility between the pick up and the transit zone 

4 - 1 - 1 - 6 - Result found by UMBRELLA with the numerical example 

4 - 1 - 1 - 7 - Supply of a customer.

4 - 1 - 1 - 8 - Link between a power plant and a substation
4 - 1 - 2 - Study of single phase load report on a meshed double circuit line

4 - 1 - 2 - 1 - Drawing of  the transit and the pick up characteristics
4 - 1 - 2 - 2 - Reckoning of the parameters defining the pick up circle 

4 - 1 - 2 - 3 - Result found by UMBRELLA with the numerical example

4 - 2 - Modified lens (ice cream cone) pick up
4 - 2 - 1 - Study of three phase load report on a  meshed double circuit line

4 - 2 - 1 - 1 -  Drawing of  the transit, the out of step and the pick up characteristics
4 - 2 - 1 - 2 - Compatibility between out of step and transit
4 - 2 - 1 - 3 -  Compatibility between out of step and pick up
4 - 2 - 1 - 4 -  Compatibility between the pick up and the transit zone
4 - 2 - 2 - Study of single phase load report on a meshed double circuit line

4 - 2 - 2 - 1 - Drawing of  the transit and the pick up characteristics
4 - 2 - 2 - 2 -  Compatibility between the pick up and the transit zone
5 - Zone reckoning 

- Preliminaries: influence of the ratio R / X 

5 - 1 Protection of a single circuit line
5 - 1 - 1 - First  zone X1

5 - 1 - 2 - Second zone X2

5 - 1 - 3 - Third  zone X3

5 - 1 - 4 - Backward  zone  X4 

5 - 2 - Protection of a double circuit line
6 - Timers 

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance
7 - 1 - 1 - Circular pick up
7 - 1 - 2 - Modified lens (ice cream cone) pick up
7 - 2 - Maximal reach in case of solid fault

7 - 2 - 1 - Circular pick up
7 - 2 - 2 - Modified lens (ice cream cone) pick up
8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

8 - 2 - Resistive reach
8 - 3 - Backward pick up 

PD3A













1 - Input data
2 - Drawing of the characteristics in case of fault.



2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.



2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
2 - 4 - Out of step










2 - 5 - Phase selection.










2 - 6 - Direction.










2 - 7 - Distance measurement
3 - Setting parameters

3 - 1 - Fault maximal detectable resistance.

3 - 2 - Factors.

3 - 3 -  Zone 1

3 - 4 -  Zone 2

3 - 5 -  Forward  zone

3 - 6 -  Backward  zone

3 - 7 -  Choice of signalling scheme

3 - 8 -  Timers

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1 Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Bandwidth reckoning, in relation with the transit
4 - 2 - Study of single phase load report on a meshed double circuit line

4 - 2 - 1 - Drawing of  the transit and the pick up characteristics

4 - 2 - 2 - Bandwidth reckoning, in relation with the transit

4 - 3 - Supply of a customer.
4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 Protection of a single circuit line

5 - 2 Protection of a double circuit line

6 - Timers

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

7 - 2 - Maximal reach in case of solid fault

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

8 - 2 - Resistive reach

8 - 3 - Backward pick up
PXLC













1 - Input data

2  - Drawing of the characteristic in case of fault.


2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.



2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - Pick up

3 - 2 - Factors

3 - 3 - Zones

3 - 4 - Out of step

3 - 5 - Choice of signalling scheme

3 - 6 - Timers

4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line
4 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Reckoning of parameters defining the pick up circle and the out of step circle

4 - 2 - Study of single phase load report on a meshed double circuit line

4 - 3 - Supply of a customer

4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1

5 - 1 - 2 - Zone X2

5 - 2 - Protection of a double circuit line

6 - Timers

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

7 - 2 - Maximal reach in case of solid fault

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

8 - 2 - Resistive reach

8 - 3 - Backward pick up
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RXAP













1  - Input data
1 - 1 - Circular pick up










1 - 2 - Elliptic pick up










1 - 3 - Out of step








1 - 4 - Distance measurement










1 - 5 - Phase selection










1 - 6 - Direction


2 - Drawing of the characteristic in case of fault.



2 - 1 - Circular characteristic









Pick up in case of fault between the phases r and y, supplied by one side, and without burden


2 - 2 - Circular characteristic










Pick up in case of three phase fault, or in case of safe operation.
2 - 3 - Circular characteristic










Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
2 - 4 - Elliptic characteristic










Pick up in case of fault between the phases r and y, supplied by one side, and without burden
2 - 5 - Elliptic characteristic











Pick up in case of three phase fault, or in case of safe operation.
2 - 6 - Elliptic characteristic











Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - Pick up

3 - 1 - 1 - "5 A" circular relay

3 - 1 - 2 -  "3.3 A" circular relay

3 - 1 - 3 - Elliptic relay

3 - 2 - Zone 

3 - 3 - Out of step

3 - 3 - 1 - Circular relay

3 - 3 - 2 - Elliptic relay 

3 - 4 - Timers

3 - 5 - Choice of signalling scheme

4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line - Circular characteristic

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Reckoning of parameters defining the pick up circle and the out of step circle

4 - 2 - Study of three phase load report on a meshed double circuit line - Elliptic characteristic

4 - 2 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
4 - 2 - 2 - Reckoning of the focal distance of an ellipse in relation with its eccentricity 

4 - 2 - 3 - Application to the out of step ellipse

4 - 3 - Study of single phase load report on a meshed double circuit line

4 - 4 - Supply of  a customer.

4 - 5 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1

5 - 1 - 2 - Zone X2

5 - 2 - Protection of a double circuit line

6 - Timers

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Circular relay

7 - 1 - 1 - Maximal detectable resistance

7 - 1 - 2 - Maximal reach in case of solid fault

7 - 2 - Elliptic relay

7 - 2 - 1 - Maximal detectable resistance

7 - 2 - 2 -  Maximal reach in case of solid fault

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Circular pick up

8 - 1 - 1 - Forward pick up

8 - 1 -  2 - Resistive reach

8 -1 - 3 - Backward pick up

8 - 2 - Elliptic pick up

8 - 2 - 1 - Forward pick up

8 - 2 - 2 - Resistive reach

8 -2 - 3 - Backward pick up
7 SA 511












1 - Input data

1 - 1 - Pick up











1 - 2 - Out of step










1 - 3 - Phase selection 











1 - 4  - Distance measurement










1 - 5 - Direction



2 - Drawing of the characteristics in case of fault.








2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden


2 - 2 - Pick up in case of three phase fault, or in case of safe operation.



2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 -  Characteristics of the reducers

3 - 2 - Characteristic of the line

3 - 3 - Zones

3 - 4 - Pick up

3 - 5 - Out of step

3 - 6 - Signalling schemes

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Reckoning of the bandwidth

4 - 2 - Study of single phase load report on a meshed double circuit line.

4 - 3 - Supply of a customer.

4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1

5 - 1 - 2 - Zone X2

5 - 2 - Protection of a double circuit line

6 - Timers

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance near the substation

7 - 2 - Maximal detectable resistance on first zone limit

7 - 3 - Maximal reach in case of solid fault

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

8 - 2 - Resistive reach

8 - 3 - Backward pick up
REL 100












1 - Input data

1 - 1 - Pick up











1 - 2 - Out of step









1 - 3 - Direction









1 - 4 - Phase selection










1 - 5 - Distance measurement











2 - Drawing of the characteristics in case of fault.


2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.




2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - Parameters given for information only

3 - 2 - Parameters effectively used in the relay


4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Reckoning of the bandwidth

4 - 2 - Study of single phase load report on a meshed double circuit line.

4 - 3 - Supply of  a customer

4 - 4 - Link between a power plant and a substation

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1

5 - 1 - 2 - Zone X2

5 - 2 - Protection of a double circuit line

6 - Phase selection reckoning

7 - Timers

8 - Reckoning of the data characterising the relay behaviour

8 - 1 - Maximal detectable resistance 

8 - 2 - Maximal reach in case of solid fault

9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up
9 - 2 - Resistive reach

9 - 3 - Backward pick up
S321 - 5













1 - Input data


1 - 1 - Pick up and distance measurement








1 - 2 - Out of step









1 - 3 - Direction.









1 - 4 - Phase selection










2 - Drawing of the characteristics in case of fault.



2 - 1 - Pick up in case of phase to phase fault, or three phase fault, or safe operation.


2 - 2 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

3 - Setting parameters

3 - 1 - End identification

3 - 2 - Phase to phase loops ( mho relay)

3 - 3 - Phase to earth loops (quadrilateral)

3 - 4 - Earth factor

3 - 5 - Out of step

3 - 6 - Threshold of the directional module using negative sequence components

3 - 7 - Current thresholds
3 - 8 - Timers

3 - 9 - Signalling schemes

4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics
4 - 1 - 2 - Reckoning of the pick up and out of step bandwidth

4 - 2 - Study of single phase load report on a meshed double circuit line.

4 - 2 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
4 - 2 - 2 - Reckoning of the pick up bandwidth

4 - 3 - Supply of a customer
4 - 4 - Link between a power plant and a substation
5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone XG1

5 - 1 - 2 - Zone XG2

5 - 1 -3 - Pick up

5 - 2 - Protection of a double circuit line

6 - Reckoning of the data characterising the relay behaviour

6 - 1 - Maximal detectable resistance

6 - 2 - Maximal reach in case of solid fault

7 - Timers

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up
8 - 2 - Resistive reach

8 - 3 - Backward pick up

GENERALITIES

This item gives the method to calculate the settings of each type of distance protective relay by taking into account the network in which it is installed, and the way (see appendix 2 ) . 

This item allowed to perform the program Umbrella.

1 - Studied relays


The relays described here are:

- relays used on the 400 kV EDF network

PXLN  and EPAC from GEC Alsthom 

digital


REZ1 from ABB




semi - digital


PXLP from GEC Alsthom



electronic


PDS from GEC Alsthom



electronic of first generation

- relays used on the other EDF network


RAZOA from  ABB



electronic


PD3A from GEC Alsthom


electronic


PXLC from GEC Alsthom


electronic, with anti - saturation


RXAP from GEC Alsthom


electromechanical

- relays in test in 1998 on the EDF network


REL 100 from ABB


digital



7 SA 511 from Siemens


digital


S321-5 from Schweitzer


digital 

2 - Choice of impedance plans

the diagrams are always drawn in the impedance plans used for distance measurement, i. e. :



Vr - Vy

Vy - Vb

Vb - Vr 










for phase to phase loops



 Ir - Iy

  Iy - Ib

  Ib - Ir



    Vr

     Vy

       Vb










for phase to earth loops



Ir + ko * Ig
Iy + ko * Ig
  Ib + ko * Ig

3 - Particularities of the pick up

We distinguish two type of relay:


- the relays owning a percentage residual current module.

This module is generally set high enough for the phase to earth loops be not enabled in case of single phase reclosure, even in case of out of step. In that case we draw only the pick up characteristic, in the same plan as the transit characteristic after a three phase reclosing cycle. Indeed the setting is given by the compatibility between both characteristics;


- the relays owning a residual current module with a fixed threshold. 







The phase to earth loops are then activated during a single phase reclosing cycle appearing on a neighbour line when the transit is high, and a fortiori in case of out of step. In that case, we draw also the pick up characteristic of these loops in the same plan as the transit characteristic in case of single phase load report, and we consider the compatibility between these two characteristics to determine the settings. 

Note: On account of the disparity between the different relays, the setting calculation contains many risks of error. To get round these risks, a calculation program, called UMBRELLA, was created. 

4 - Particularities of phase to earth distance measurement
 (see third part, § 2112)

The pilot current used is indicated for each relay. Indeed a number of relays use measurement systems, as the three input phase comparator,  (3rd part, § 2131 and 2132) or its digital equivalent, (§ 214). This allows them to free themselves from the voltage drop in the fault, if they have at their disposal a current in phase with the current running inside the fault. 

Indeed, the equation (1) of 3rd part, § 21311 may be written


v = Rd * i_pilot + (r * y * i_image + l * y * (di_image / dt)


in which i_pilot and i_image are not equal: i_image is the current running in the line, and i_pilot is the current running in the fault, or at least a current as close at possible of it. 

So the accuracy of the distance measurement remains good when the fault resistance increases.

This current is different from one relay to the other. It can be the zero sequence current Io, or the sum Ii + Io, or the gap Ir ... between the phasor current before the fault and the phasor current after the fault. 

To compare these different methods, we use the representation described on § 3-4, appendix 1, for a   r - ground fault:

Symmetric components:












    If
     Zds2 + ZdL * (1 - x)





 Id1 =  

*


 + Id (transit)

(positive sequence)




    3
      Zds1 + Zds2 + ZdL



    If
     Zds2 + ZdL * (1 - x)


  Ii1 =  

*





(negative sequence)



    3
      Zds1 + Zds2 + ZdL



    If
     Zos2 + ZoL * (1 - x)


 Io1 =  

*





(zero sequence)



    3
      Zos1 + Zos2 + ZoL

Gap current for the r - ground  loop:


  If
       
Zds2 + ZdL * (1-x)

Zos2 + ZoL *(1 - x)


Ir =
       * (2 *



  +


       )



  3

 Zds1 + Zds2 + ZdL

 Zos1 + Zos2 + ZoL



  If
       
Zds2 + ZdL * (1-x)

Zos2 + ZoL *(1 - x)


Iy =
       * (  -



  +


         ) = Ib



  3

 Zds1 + Zds2 + ZdL

 Zos1 + Zos2 + ZoL

These equalities show that the choice of the current Io alone is especially suitable for a network strongly linked to earth on both end, failing which its value is too low and the errors may be important. 

The choice of Ii seems to be the most attractive. However, it needs a quick negative sequence filter. This led to never use it alone. 

The ability of a relay to detect the resistive faults with an acceptable error is shown by the ratio R / X1, R being the maximal detectable resistance, and X1 the first zone reactance.

To draw the characteristics in the impedance plans we always use the current image.

 5 - Kind of fault

We study for each relay  the faults appearing in the most simple configuration: Supply by one end, no burden.

5 - 1 - Phase to phase
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 Vr


E

     Zds



Zd * y












R_fault
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    Zds



Zd * y






 Vy





         Iy

The distance measurement loop sees the following impedance: 

(Vr - Vy) / (Ir - Iy) = (Vr - Vy) / 2 * Ir = Zd * y + R_fault / 2

5 - 2 - Phase to earth




        Ir







 Vr


E

     Zds



Zd * y












R_fault








        ko * Zd * y






 Vy




        Ig

The distance measurement loop sees the following impedance:

Vr / (Ir + ko * Ig) = Zd * y  + R fault / (1 + ko)

5 - 3 - Balanced three phase fault
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      Ib

The measuring loop sees the following impedance:
                                    





        R_fault

(Vr - Vy) / (Ir - Iy) = Vr / Ir = Zd * y + R_fault 
5 - 4 - Phase to phase to earth


The study of this kind of fault is not done for each relay.
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The resistance of the fault between phases is supposed null. The distance measuring loop y - b sees the following impedance:

(Vy - Vb) / (Iy - Ib)  = Zd * y 

The distance measuring loop y - earth sees the following impedance:






          
  Ig


vy / (Iy + ko * Ig)  = Zd * y + R_fault *   






         Iy + ko * Ig

To calculate the factor of  R_fault, you must solve the following equation system (see scheme above) :

a * E = (Zds + Zd * y) * Iy + R_fault * (Iy + Ib) + ko * Zd * y * ( Iy + Ib)


a² * E = (Zds + Zd * y) * Ib + R_fault * (Iy + Ib) + ko * Zd * y * ( Iy + Ib)

which gives:



  a * (Zds + Zd * y + R_fault + ko * Zd * y ) - a² * (R_fault + ko * Zd * y)


Iy = E *



     (Zds + Zd * y + R_fault + ko * Zd * y ) ² - (R_fault + ko * Zd * y )²



  a² * (Zds + Zd * y + R_fault + ko * Zd * y ) - a * (R_fault + ko * Zd * y)


Ib = E *



     (Zds + Zd * y + R_fault + ko * Zd * y ) ² - (R_fault + ko * Zd * y )²

      Ig




Zds + Zd * y


       = 

Iy + ko * Ig       ko*(Zds + Zd*y) + a² * (R_fault + ko*Zd*y) - a * (Zds + Zd*y + R_fault + ko*Zd*y )

The factor of R_fault is a complex number which depends on the source impedance. A resistive fault may be the cause of a distance measurement error. Generally a fault is seen closer than it is really. A fault located beyond the remote end of the line may trip this end in first step.

PXLN and EPAC

This equipment is 2 digital relays, with 6 measuring loops. The principle of each of them is the same, but their technology is different. The PXLN, more sophisticated, is also quicker. The implementation of the settings is performed differently. 

 1 - Input data

1 - 1 - Pick up


There are two ways to perform the pick up:

1 - 1 - 1 - A classic way pick up, which differs from older electronic relays with parallelogram characteristic by the fact that the measurement is performed 40 times per period, instead of 2 times. But the input data are the same, i . e . : 

- horizontal bands


phase to phase loops




phase to earth loops


(Vr - Vy) 
and 
(Ir - Iy)



Vr 
and 
(Ir + ko * Ig)                                        


(Vy - Vb) 
and 
(Iy - Ib)



Vy 
and 
(Iy + ko * Ig)


(Vb - Vr) 
and 
(Ib - Ir)



Vb 
and 
(Ib  + ko * Ig)

-slanting bands


phase to phase loops




phase to earth loops


(Vr - Vy) 
and
(Ir - Iy)




Vr 
and 
Ir                                         


(Vy - Vb) 
and 
(Iy - Ib)




Vy 
and 
Iy


(Vb - Vr) 
and 
(Ib - Ir)




Vb 
and 
Ib 

The slope of the line and the earth factor ko_relay are indirectly entered by: 

* per unit positive sequence resistance,

* per unit zero sequence resistance,

* per unit self reactance for each phase, 


or
* per unit positive sequence reactance

* per unit mutual reactance between each phase.


* per unit zero sequence reactance


The fault resistance is settable independently on the phase to earth and the phase to phase loops. The implemented value is the maximal detectable resistance.

1 - 1 - 2 - a pick up using quick variations of voltages and currents when a fault appears. This measurement is independent from the transit and can be sensitive too much higher fault resistance values.

1 - 2 - Out of step

The function "blocking by out of step" is performed on each phase to earth loop, by a zone distant from the "classic" pick up. This distance is  R (slanting bands) and  X = R  (horizontal bands). It uses the same input data as the pick up. It blocks as you wish the first zone, the second zone, the third zone, or the pick up. It can be cancelled in case of important unbalance. 

1 - 3 - Phase selection

- classic way, using the output data of the pick up loops,

- quick way, using the derivatives of the currents ir; iy; ib; (ir - iy); (iy - ib); (ib - ir)

A percentage module performs the residual current threshold.

1 - 4 - Distance measurement

The relay owns four forward zones and one backward zone. 

. measurements by a classical way. It uses the same input data as the pick up,

. measurements by a quick way. For these measurements, it uses as pilot current on the phase to earth loops the current Ig during 30 ms after the beginning of the fault, and then the current Ir + ko * Ig.

Numerical application:

- line 400 kV with a positive sequence impedance  ZL = 25 , a maximal transit current 2000 A, an earth factor ko = 2 / 3, and an argument  = 85 °,

        
- forward reach, as a reactance:    X4 = 37.5 , 

        
- backward reach, as a reactance:  X5 = 12.5 ,

        
- classic way resistance RMOC = RBIC = 20 . 

        
- We suppose that the angle  of the line image has been set equal to . 

         
- kz = 2 (ratio between primary impedance and secondary impedance),  which corresponds to a current transformer ratio of 2000 / 1

         
- out of step band :   R = 12  en haute tension.

The value of the three phase load report factor C is 1.7 (see definition in appendix 2, § 11).

2 - Drawing of the characteristic in case of fault

2-1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden










X4 = 37.5 
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Scale 1cm = 10 




    








        X5 = 12.5 
The forward and backward reaches are equal to the fourth and fifth zone setting values.

 The half bandwidth, shown by the black arrow, is equal to the half of the setting value RBIC, itself equal to the maximal detectable resistance Rf.


- drawing of the anti- out of step characteristic

In case of phase to phase fault, the drawing of the anti-out of step characteristic depends on the backward impedance  of the network. We observe it by considering the following scheme (one side supply, no burden): 
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I = Ir
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I = - Iy
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Let us call  Zap the impedance measured by the anti-out of step module:          Zap   = 








       

        
  Ir











Vr - Vy

 Let us call Z the impedance measured by the distance measurement module:
Z     =










  
  Ir - Iy

We look for the relation which links Zap and the network above: 


Vr = E - Zds * I


Vy = a² * E + Zds * I


        Vr - Vy




           Vr - Vy

As          Z = 


we obtain
Vr = E - Zds * 


           2 * I





2 * Z

       Vr - Vy







Vy = a² * E  +  Zds *









          2 * Z

By adding and subtracting these equations we obtain:


Vr + Vy = - a * E




               Z


Vr - Vy = (1 - a²) * E * 

           Z + Zds



   2 * Z -a * Zds

thus
Vr = E *



  2 * (Z + Zds)



E

1

But
I = 

= Ir = 
     *  (Ir - Iy)


      2 * (Z + Zds)

2




    
Vr       2 * Z - a * Zds
 
         1

We obtain: 

Zap =
       =

 
or
Z = 
* [ Zap * (1-a²) + a * Zds]


     
Ir
    1 - a²

 
         2

that we can write:


         1

                j * 30°

         j * 120°


Z = 
* ( Zap * ( 3  * e    
     + Zds * e
        )


         2
     

The anti-out of step characteristic in the reference plan is obtained by transforming the characteristic found in case of balanced operation (see § 22) as follows:


- an homothetie of   ( 3 / 2


- a rotation of 
    30°


- a translation of      (Zds / 2) ( 120°

That transformation depends on the backward impedance of the network













    Zds







In blue dotted line the anti-out of step characteristic.

In blue full line the anti-out of step characteristic in case of solid phase to phase fault.

Note: in case of fault rb, the transformation equation becomes: 


         1

                -j * 30°

         -j * 120°


Z = 
* ( Zap * ( 3  * e    
     + Zds * e
         )


         2





2-2- Pick up in case of three phase fault, or in case of safe operation.
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scale 1 cm = 10 

  R
        X5 = 12.5 

The plan considered here may be as well the reference impedance plan of the phase to earth loops as the reference  impedance plan of the phase to phase loops. 

 The horizontal bands are elaborated in that impedance plan. 

The phase to earth characteristic is drawn in green. Its half bandwidth is: 
RMOC = 20 
The phase to phase characteristic is drawn in brown. Its half bandwidth is: 
RBIC / 2 = 10 
The anti - out of step characteristic is drawn in blue. Its distance from the phase to earth pick up, between green and blue, is: R = 12 

The compensated voltages of the slanting bands are:

          Vry  ±  RBIC / 2  * Iry 
for the phase to phase loops 

          Vr    ±  RMOC     * Ir 
for the phase to earth loops 
















       Rf



The maximal detectable per phase resistance of a balanced three phase fault is:


Rf = RMOC 
for the phase to earth loops


Rf = RBIC / 2 
for the phase to phase loops

2-3- Pick up in case of fault between phase r and earth, supplied by one side, and without burden
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scale 1 cm = 10 
      X5 = 12.5 

The forward and backward reaches are equal to the setting values X4 and X5.

The resistance setting value is RMOC, itself equal to the maximal detectable resistance Rf. The half bandwidth is Rf / (1 + ko).

A fault which resistance is  Rf + R is seen on the limit of the anti-out of step zone.

3 - Setting parameters of the PXLN

These parameters are written and red in the relay by means of a terminal located on the front face of the device, or of a personal computer. 

Only the parameters, which can change from one EDF configuration to another, are noted here. 

The electric data are always noted in "secondary" values. 

3 - 1 - Line characteristics


- length    L
in km
inside a range from 10 to 700


- per unit inductance, that we can write by two ways:

* on a matricial form. This way has an interest only if the asymmetry of the line has been considered, i. e. if the 6 values are different each other.


xlaa

xmab

xmac
in ohm per km, in a range from  0 to 9.9999


xmab

xlbb

xmbc

xmac

xmbc

xlcc
(see appendix1, § 21 )

* by their symmetric components, if the line is considered as symmetric.

 (xlaa = xlbb = xlcc; xmab = xmac = xmbc)


xd

xo

in ohm per km, in a range from  0 to 9.9999

The matricial inductance values and the symmetric inductance ones are linked each other by:


xd = xlaa - xmab






xo = xlaa + 2 * xmab


-per unit resistance

It is not foreseen to consider the asymmetry. We write:


rf

ro

in ohm per km, in a range from  0 to 9.9999


- angle of the line and earth factor

They are deducted from the preceding data by



xd


ro + j * xo - rd - j * xd


 tg = 


ko = 



rd


     3 * rd + j * 3 * xd

3 - 2 - Zone setting


- forward limits



X1 = 

%

range 10 to   200 

by step of   
  2



X2 = 

%

range 10 to   500 

by step of 
  5



X3 = 

%

range 10 to 1000 

by step of 
10



X4 = 

%

range 10 to 1000 

by step of 
10


- backward limits



X5 = 

%

range 10 to   200 

by step of   
  2

3 - 3 - Fault resistance

Phase to earth resistance by quick pick up

rmor =
       
range 0 to 200 by step of 1 

Phase to phase resistance by quick pick up

rbir   =
       
range 0 to 200 by step of 1 
Phase to earth resistance by classic pick up

rmoc =
       
range 0 to 200 by step of 1 
Phase to phase resistance by classic pick up

rbic   =
       
range 0 to 200 by step of 1 
3 - 4 - Timers

T1 = 

ms
range
0     -     100   
by step of 1ms

on zone 1





100 - 10000   
by step of 10ms 

T2 = 

ms
range
100 - 10000 
by step of 10ms

on zone 2

T3 = 

ms
range
100 - 10000 
by step of 10ms

on zone 3

T4 = 

ms
range
100 - 10000 
by step of 10ms

on zone 4

3 - 5 - Type of line

The following possibilities are proposed:


- single circuit line


- meshed double circuit line  without link between the PXLN 


- meshed double circuit line with a link between the PXLN, master side 


- meshed double circuit line with a link between the PXLN, slave side

3 - 6 - Signalling system

The proposed modes are:


- no signalling scheme

*


- underreach and acceleration
*


- permissive overreach


- permissive underreach


- blocking overreach

*


- blocking underreach

*

- mode "echo"


- mode "weak infeed"

The modes followed by an asterisk are used by the EDF.

In the system " underreach and acceleration ", the supplementary function "quick tripping on phase to phase fault in the second zone and lost of high frequency carrier" is proposed.

The emission of the signal may be elaborated

- by the first zone

in the system " underreach and acceleration " 

- by the second zone
in the system " underreach and acceleration "

- by the backward zone
in the system " blocking overreach "

3 - 7 - Out of step

Unblocking timer =




s
range 
0 - 30 
by step of 10 ms

Unblocking threshold by negative sequence current 
=
% In
range 
10 - 50

Unblocking threshold by residual current 

=
% In
range 
10 - 50

Unblocking threshold by fault current 

=
In
range 
1 - 10
by step of 0.1

Bandwidth




=

range 
0.2 - 25

Choice of the blocking mode


- no blocking


- overall blocking

- blocking zone 1 


- blocking zone 2 


- blocking zone 3

- blocking of signal emission

- blocking of signal reception

- blocking of independent first zone  (blocking underreach)

3 - 8 - Type of tripping

The relay proposes 3 possibilities


- single phase reclosing on every zones


- three phase reclosing on every zone 


- single phase reclosing only on first zone and accelerated second zone

3 - 9 - Type of voltage reducer

The relay must adapt itself to one or the other of the following voltage reducers:


- inductive


- capacitive

4 - Setting parameters of the EPAC 3000

These parameters are written and red in the relay by means of a terminal located on the front face of the device, or of a personal computer. 

Only the parameters, which can change from one EDF configuration to another, are noted here. 

The electric data are always noted in "secondary" values.

4 - 1 - Line characteristics

- secondary rated current

1 or 5 A

- length



** . ** km

range   0.3 to 300 km

- impedance of the line. It can be defined by three different ways:

* positive sequence impedance in cartesian co-ordinates
Xd = ***.***  

Rd =  ***.***

   zero

"
      " 
           "

"
Xo = ***.***

Ro =  ***.*** 

  positive sequence impedance in polar coordinates
Zd = ***.***
          d =  ** °       range from 45° to 90°
  zero
      " 
           "

"
"
Zo = ***.***
           o =  ** ° 
   range from 45° to 90°

* positive sequence impedance in cartesian coordinates
Xd = ***.***

Rd =  ... , ...    

   complex earth factor ko



ko =
*.** + j *.**          range -7 , +7 for each component

4 - 2 - Zone setting


- forward limits



X1 = 

%

range 10 to   200 

by step of   
  2



X2 = 

%

range 10 to   500 

by step of 
  5



X3 = 

%

range 10 to 1000 

by step of 
10



X4 = 

%

range 10 to 1000 

by step of 
10


- backward limits



X5 = 

%

range 10 to   200 

by step of   
  2
4 - 3 - Fault resistance

Phase to earth resistance by quick pick up

rmor =
       
range 0 to 200 by step of 1 

Phase to phase resistance by quick pick up

rbir   =
       
range 0 to 200 by step of 1 
Phase to earth resistance by classic pick up

rmoc =
       
range 0 to 200 by step of 1 
Phase to phase resistance by classic pick up

rbic   =
       
range 0 to 200 by step of 1  

4 - 4 - Out of step


- impedance of the band
()
from 0 to 25 / In_secondary
by step of 0.01 / In_secondary


- unblocking timer
(s)
from 0 to 30 s


by step of 0.1 s

4 - 5 - Signalling system

	channel 1
	channel 2

	no signal

underreach and acceleration, enabled by zone 1

underreach and acceleration, enabled by zone 1 and 2

underreach and acceleration, abled by zone 1, 2, and forward pick up

blocking underreach

blocking overreach
	no signal

underreach and acceleration, enabled by zone 1

underreach and acceleration, enabled by zone 1 and 2

underreach and acceleration, enabled by zone 1, 2, and forward pick up

blocking underreach

blocking overreach


4 - 6 - Timers


- T1


0 to 10 s 

by step of 5 ms


T2, T3, T4, T5

0 to 10 s 

by step of 10 ms 

5 - Pick up width reckoning

5 - 1 - Study of three phase load report on a meshed double circuit line
5 - 1 - 1 - Drawing of the transit, out of step and pick up characteristics
To look for the compatibility between the relay characteristics and the transit one, we consider the phase to earth fault impedance plan.

Indeed, for that relay, these loops are more constraining than the phase to phase loops. They are not activated, as there is no zero sequence current, but, if the width of the anti-out of step is too important, that last one risks to be initiated, and than disabled after the unblocking delay. If an out of step appears after a load report, the relay would send an unwanted tripping order.


The transit characteristic

is defined by the 4 circles
    





  
    Circle C3

in red dotted lines (see appendix 2, § 224)
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are shown on § 22.
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scale 1 cm = 20        
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The circle C1 centred on A

and the circle C2 

centred on    B






  
    Circle C4

have a radius equal to    61 .

The centre of the circle C3 has the complex abscissa 



94.2   (   85°

The centre of the circle C4 has the complex abscissa 



- 69.2  ( 85°

The radius of C3 and C4 is 





80.7 .

Here, the calculation of the value of RMOC will give a value higher than the 20  a priori chosen. 

- Recall of the neuralgic point co-ordinates


j*i

ANi = ANi * e

with i = 1 to 6, and: 









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In that case and when the arguments of these point are not included inside the ranges [ - 30° ; + 30° ] and
          [ - 150° ; + 150°], we choose the same modules as above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

5  - 1 - 2 - Compatibility between the external out of step characteristic and the three phase load report one

- preliminary: compatibility between a neuralgic point Ni and a slanting band.
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     D









           M







           

             
         K



          H'

     
     A

      
   H

Let us reckon the length of the segment AH in relation with the one of the segment AM. They are linked by:


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

Thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  

that we can write 
AH = AM * sin (  - ) / sin 
To respect the security margins recommended by the setting guidebook, you must have:








sin ( )


1.1 * AM < 0.9 * ANi, 
thus 
1.1 * AH < 0.9 *

      * ANi


(1)








    sin 

We choose the lowest value of AK. Thus, according to § 22: 


AK = rmoc + DR

Note: During a balanced out of step, the slanting characteristic of the phase to earth loops must be crossed before the one  of the phase to phase loops: 


rbic ( 2 * rmoc

We generally choose rbic = rmoc.


- anti-out of step bandwidth

In the most of the distance relays, the anti-out of step bandwidth is fixed. In the PXLN and the EPAC it can be set. Let us consider a simplified network:

        E1



   A


 B


         E2


         (

       Zsa

         
          Zl
  
     Zsb
The electromotive force E2, having the same module as E1, turns in relation with E1 at an angular speed 


      j *  * t

E2 = E1 * e

E1 and  E2 have opposite phases when   * t = 
The impedance argument values are supposed the same. We reckon the positive sequence impedance seen from point A:


Vd

Zsa + Zl + Zsb

         = Zd = 


- Zsa    


Id

         j *  * t




1 - e

When t varies, Zd describes a straight line perpendicular to the line image.








Zl + Zsb










  ZL











rmoc












R

















            - Zsa







D2
D1

The point representing the impedance cuts the line D2 a time t after having cut the line D1. The out of step is detected if this time is higher than 15 ms. The maximal specified out of step frequency is F = 4 Hz. 

The minimal width  R answering this constraint varies with RMOC. It is maximal when RMOC is null. 
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      B








      





 
           O
     













      D2
           D1





            - Zsa


           Zsa + Zl + Zsb




    
Zsa + Zl + Zsb

in that case
OA =


with
 * t = 
or 
OA = 




         j *  * t





            2




1 - e



      j * ( - /2)

AB = DR * sin * e


on one hand,

AB = OB - OA 



on the other hand.


         Zsa + Zl + Zsb

Zsa + Zl + Zsb
now OB   =


-  Zsb = 


   -  Zsb

                j *  * (t + t)


j *  * t





       1 - e



   1 + e

thus, by identifying both values of AB, 

           j * ( - /2)
Zsa + Zl + Zsb
       Zsa + Zl + Zsb
DR * sin j * e

      =


  -





           j *  * t

   2





1 + e






          j * 
now
Zsa + Zl + Zsb =  Zsa + Zl + Zsb  * e







     1

1

thus
- j * DR * sin  =  Zsa + Zl + Zsb  * (

           -         )







      j *  * t
 2






          1 + e

The value of the term between parenthesis is: 

- j * tg (t / 2)





   tg (t / 2)

thus 
DR =  Zsa + Zl + Zsb  *





           sin 

or, by replacing  by 2 *  * F and by confusing the tangent with the arc, 




      Zsa + Zl + Zsb 

R =  * F * t *



or
R =  * F * t *  Xas + Xl + Xbs 





sin 
Numeric example: Un = 400 kV; Zl = 25 ; It = 2000 A

We find, according to the formula 10 of § 113, appendix 2

Xsa + Xsb = 61 
and 
R    (   16.2 
5  - 1 - 3 - Results of reckoning by Umbrella

The reckon performed by the program Umbrella gives, after considering the implementation constraints: 

40  «primary», or 20  «secondary»

5 - 2 - Phase r load report on a meshed double circuit line.

We saw (§ 14), that the phase to earth loop are activated only if the residual current Ig is higher than                 0.23 * Iph + 0.07 * In, Iph being the highest phasor current. Now, in the appendix 2, § 12, the formulae of board n° 12 show that the ratio  Ig / Ir stays always under this threshold. So we admit that, during a single phase load report, the phase to earth loops cannot elaborate any tripping order. 

Let us note however that the anti-out of step bands may be activated, while they would be not during a three phase reclosing cycle. But in that case the duration of the cycle, 1.5 second, is not enough to make release the anti-out of step. 

Only the possibility  of tripping by the phase to phase loop must be considered. Now we saw that if we respect the condition Rbic = Rmoc, they are less sensitive than the phase to earth loops. So we neglect the constraints dues to this case.

5 - 3 - Sensitivity of the quick measurement loops to the single phase and three phase load reports.

A load report creates a current variation which, for a load report equal to 2, is equal to the current running before the load report. It is recommended to set the parameters Rmor and Rbir at the double of Rmoc and Rbic, but this result is empirical.

5 - 4 - Supply of a customer.

We compare the position of each vertex (in fact the point S) of the anti-out of step parallellogram (see § 22) in relation with the circle defining the transit area. 






                            X4+R 
                 S








    A      rmoc+r




         X5+R

Let us call  N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer. 
The compatibility of the point S with the circle can be written: 

    1.1      __

[          * AS ]²  ( N1²

    0.9

thus: 
RMOC + R  
( 
(  (0.9 / 1.1)² * N1² - (X4 + R )²
- (X4+ R) * cotg 
5 - 5 - Link between a power plant and a substation

The neuralgic points are defined on § 226, appendix 2. Solely the points N1 and N2 are considered.

6 - Zone reckoning

6 - 1 - Protection of a single circuit line

6 - 1 - 1 - First zone X1


- long lines
We want that in any case X1 < XL. considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain: 

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find: 
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have: 
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain: 

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

6 - 1 - 2 - Second zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain: 
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have: 

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1: 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
6 - 1 -3 - Third  zone X3

X3 ( 1.3 * X2 

6 - 1 -4 - Pick up zones

X_forward (alias X4)=  X3
X_backward (alias X5)=  X1
6 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

X3 ( 1.3 * X2

X_forward (alias X4) = X3

X_backward (alias X5) = X1
6 - 3 - Parameters to be implemented on the relay

The implemented values are percentages. The relay convert them into "secondary" ohm, thanks to the parameter L and to the per unit values of r and x.

 7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

It is Rmoc for phase to earth loops, and Rbic for phase to phase loops.

7 - 2 - Maximal reach in case of solid fault

Forward

AK = X_forward / sin 
Backward
AL = X_backward / sin 
8 - Timers
see § 34 and § 46
9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We test the inequality

X_forward > 1.3 * X2

condition b: «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

1.15 * (X_forward + X) <  0.9 * XL + 0.8 * Xdmini_transfo_ forward

or, a minima,
1.15 * X_forward *  <  0.9 * XL + 0.8 * Xdmini_transfo_ forward

condition c: « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

The  PXLN is not concerned. But the EPAC is concerned. X_forward and X_backward must be set as large as possible. 


condition d: «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

That condition concerns only the relays in which the out of step blocks the tripping by pick up. The PXLN and the EPAC are not concerned.

9 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The PXLN and the EPAC are not concerned.

9 - 3 - Backward pick up


Condition a: «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

That condition concerns only the relays in which the out of step blocks the tripping by pick up. The PXLN and the EPAC are not concerned.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»



1.15 * (X_backward + X)  < 0. 8 * Xdmini_transfo_ backward

or, a minima
1.15 * X_ backward < 0. 8 * Xdmini_transfo_ backward


Condition c: « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

That condition applies only to the multiphase faults, as the function "direction" on the phase to earth loops is performed by a zero sequence criterion, insensitive to the fault resistance. 

For the phase to phase faults, the inversion straight line is perpendicular to the line image. The condition becomes: 

X_ backward > Rbic* sin (2 * ) / 4


We retain  X_backward > Rbic / 4 
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inversion line


condition d: « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». 

Considering the measurement inaccuracies, we retain:


0.85 * X_backward (P1) > 1.15 * X1 (P2) - 0.95 *  XL


9 - 4 - Global criterion

It is performed to detect that there is no rough error in the parameter implementation: 



        Zl * Vmax * (Vmax + Vmin)


X_forward <



* cos 


   
    Vmax² - Vmin²



           Zl * Vmin * (Vmax + Vmin)


X_backward <



* cos 


   
     Vmax² - Vmin²

REZ1

It is a half-digital relay with 6 measuring elements. It works only with 1A secondary current transformers.

1 - Input data and drawing of the characteristic in case of fault

1 - 1 - Pick up


1-1-1- Pick up in case of fault between the phase r and earth, supplied by one side, and without burden

- Detection by mho relay.

The input data used are the phase to earth voltages, and the compensated currents, which are together image currents and pilot currents:

Vr       and      Ir + ko * Ig

Vy     and       Iy + ko * Ig
       Vb     and 
Ib + ko * Ig

this approximately, as it exists a correction by the positive sequence voltage. We neglect these corrections.

The characteristics of the mho relays are then drawn directly in the reference impedance plan, i. e. the same as the one of the zone limitations. 

- detection by parallelogram relays.

- The straight line L is elaborated as a distance measurement, in the reference impedance plan. Its slope is 7°.

 - The straight line Z (directional slanting) is elaborated in the impedance plan. Its angle with the R axis is ', as all the slanting straight lines of the relay: lines A, B, and lines for anti-out of step. 

That angle considers the fact that the argument of the earth impedance is generally lower than the one of the positive sequence impedance. Indeed the relay gives the possibility of setting:


d = impedance argument  of
ZdL 


of the line,


r = impedance argument
of
(ZoL - ZdL) / 3  

of the earth

The earth factor is: 


(XoL - XdL) / (3 * XdL).

The pilot voltage Vr_pilot, which gives the direction of the lines seen above, is obtained by the following way:




          
  j*d 


       j*r


Vr_pilot   =  XdL * Ian * e 
+   ko * XdL * Ir * e

that we can write:

            j * '



sin d + ko*sin s


Vpan ~ XdL * (Ir + ko * Ig) * e 


        with tg ' = 

 








cos d + ko*cos s

      - The lines L and B are elaborated by using the input data 



Vr 
and 
Ir



Vy 
and 
Iy



Vb 
and 
Ib

      - The line D (directional quite horizontal) has a more complicated elaboration. It has not to be set.  

the 
combination of these different curves gives the following characteristics:

Mho characteristic (in red) or quadrilateral (in brown)
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Mho controlled characteristic




    control



  L






        Z        




Rf / (1 + ko)










                             
  B







          '

D

In both cases, the bandwidth, in the reference plan has the following value: 


R = Rf / (1 + ko)
; Rf being the maximal detectable resistance.

1-1-2- Pick up in case of fault between the phases r and y, supplied by one side, and without burden

They are detected by using the three following differential voltages:


Vdiffry = Vry - Ziaffx * Iry   

and  
Vdiffyb = Vyb - Ziaffx * Iyb


Vdiffyb = Vyb - Ziaffx * Iyb  

and  
Vdiffbr = Vbr - Ziaffx * Ibr


Vdiffbr = Vbr - Ziaffx * Ibr   

and  
Vdiffry = Vry - Ziaffx * Iry

The settable image impedance Ziaffx has the same argument d as the positive sequence impedance ZdL of the line.

The voltages Vdiff are compared each other. Each comparator ends a signal when both voltages have the same sign. When the three comparators sent simultaneously a signal, the relay is picked up. 

The differential voltages are obtained with the values used in the reference plan. Let us look for the corresponding characteristic by considering the following network:
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(scheme 1)

We suppose that there is no burden, and we call Z the value Zl + Rf / 2. It is the impedance obtained by the ratio (Va - Vb) / (Ia - Ib). Thus the following equations:


Vr = E - Zs * Ir


Vy = a² * E + Zs * Ir


Vb = a * E 

thus:


Vdiffry = E - a² * E - 2 * Zs * Ir - 2 * Ziaffx * Ir


Vdiffyb = a² * E - a * E + Zs * Ir  +  Ziaffx * Ir


Vdiffbr = a * E -  E + Zs * Ir  +  Ziaffx * Ir


         E * (1 - a²)

Now 
Ir = 


thus :


        2 * (Zs + Z)




                  Zs + Ziaffx


Vdiffry = E * (1 - a²) * [1 - 
          ]





         Zs + Z




                  Zs + Ziaffx


Vdiffyb = E * (1 - a²) * [a² - 
          ]





    2 * ( Zs + Z)




                  Zs + Ziaffx


Vdiffbr = E * (1 - a²) * [a - 
          ]





    2 * ( Zs + Z)



Zs + Ziaffx





           j * 
Let u call     z = 

          
z being a complex number that we note
  * e


(1)



2 * ( Zs + Z)



When z varies, Z describes all the impedance plan. We obtain


Vdiffry = E * (1 - a²) * (1 - 2 * z)


Vdiffyb = E * (1 - a²) * (a²   +   z)


Vdiffbr = E * (1 - a²) * (a    +   z)

The three comparators give simultaneously a positive output when their input voltages are situated in the same half plan, i. e. whenVdiffry is for example on the position 1. If Vdiffry is on the position 2, it is no more possible.









Vdiffyb 










         Vdiffry (1)



         Vdiffbr












Vdiffry (2)

The change of a comparator appears when two voltages have there phase in opposition, i. e. when for example the imaginary part of the product:


Vdiffry * conjugate of Vdiffbr

is null.  

Imaginary [ E * (1 - a²) * (1 - 2 * z) * E * (1 - a) * (a² + conjugate of z)] = 0

thus, after resolution: 
2 *  * cos  = 1

We find the same equation for the three comparators. So we find, from (1):



       - j * 

Z = cos  * e
    * (Zs + Ziaffx) - Zs




(2)

We find, in the reference plan corresponding to the faults between the phases r and y:









            Ziaffx







       d






        s

                - Zs










Plan  Z = (Vr - Vy ) / (Ir - Iy)



     -Ziaffx - 2*Zds

Note: That characteristic apparently shows that the backward faults are seen by the relay. In fact it is not true: if we invert the direction of Ir, we find 2 *  * cos  = - 1, which gives the circle in dotted lines on the diagram above. The fault is not detected, and the directional function is ensured.
1-1-3- Pick up in case of three phase fault, or in case of safe operation.

Only the phase to earth loops are activated. Indeed, the three comparators used for the detection of the phase to phase faults are never activated together. 

The module detecting the out of step is formed with two rectangles fit into each other. It is disabled in case of phase to earth, or phase to phase to earth, fault. It is supplied by the input data of the loop r - g.
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Scale 1 cm = 10 

Xext = 1.25 * Xp

Rext = 1.25 * Rp

1 - 2 - Distance measurement

The pilot currents used are the same as those used to elaborate the image voltages, i. e. Ir - Iy, ... , for the phase to phase loops, and Ir + ko * Ig for the phase to earth loops. 

The slope of the straight line compensates the error coming from the transit forward, which make an angle of 7° with the R axis. But when the transit runs backward, the reach of the relay on a resistive fault is lowered. 

1 - 3 - Phase selection

It is performed from the pick up.

The residual current module has a fixed threshold. A negative sequence current, which has also a fixed threshold, is used to select the phase to earth loops if the backward neutral point is not fixed.

The three phase fault is detected by the phase to earth loops.

1 - 4 - Numerical application
        
- line 400 kV with a positive sequence impedance  ZL = 25 , a maximal transit current 2000 A, an earth factor ko = 2 / 3, and an argument  = 85 °,

        
- forward reach, in reactance:    X3 = 37.5 . We choose also Ziaffx = 37.5 .  

        
- backward reach, in reactance:  X4 = 12.5 ,

we choose a priori: resistance Rf = 30 
 we suppose that the argument values d and r of the line image have been set equal to d and r, arguments of the real line. 

         
- kz = 2;  which corresponds to a current transformer ratio of 2000 / 1.


- Anti-out of step: 
Rp  = 36
 

Rext  = 45




Xp  = 44 

Xext  = 55 

The three phase load report factor  C is then 1.7, and the single phase load report factor C' is 2.06 (see definitions on appendix 2, § 11 et 231)

2 - Setting parameters

Only the parameters, which are concerned by the setting reckoning, are noted.

2 - 1 - Reactance x used for pick up and zone limitation.

The relay contains one measuring module, noted RLZA, for each zone and 4 zones, 3 forward and 1 backward. On each of them we can set on the front face the reactance:





   250 * a


x (in secondary ohm )  = 





     20 + p

a  is settable by a switch with two positions, i. e. 1 and 20;

p  is settable by 3 coding wheels   - p1; p2; p3 - with 16 positions each  (0 ....15) :     p = p1 + 16*p2 + 256*p3

2 - 2 - Argument of line impedance and earth impedance

Their setting is performed backward from module RLZA, on the module RLHA. On this module we find 6 straps noted  S1 ... S6, one per loop, to set the angle d of the line positive sequence impedance. Each strap can have 9 positions. They must be set on the same position.

More, the module contains a strap noted S7, and aimed to set the angle o of the earth impedance.

The positions of the  7 straps are:

	Sx - 1
	Sx - 2
	Sx - 3
	Sx - 4
	Sx - 5
	Sx - 6
	Sx - 7
	Sx - 8
	Sx - 9

	85°
	80°
	75°
	70°
	65°
	60°
	55°
	50°
	45°


2 - 3 - Resistance  Rf
It is performed on each module RLZA, on front face, thanks to the parameter b, settable by two coding wheels with 16 positions (0 ... 15):  






b = b1 + 16 * b2

2 - 4 - Earth factor ko_relay

It is set on each module RLZA, on front face, thanks to the coding wheel  c  with 16 positions (0 ... 15) and to the switch d with 2 positions (0 ; 1.6) :

ko_relay = 0.1 * c + d

2 - 5 - Start up current thresholds

The phase current thresholds are set on each module RLZA by the straps S9 (phase to earth loop), and S10 (phase to phase loop). Three values are proposed:


Position 1 : 10% In


Position 2 : 20% In

This position is generally used.


Position 3 : 30% In

negative and zero sequence current fixed thresholds control the functioning of the phase comparators:  

low threshold allowing the phase to earth loops to operate : Ig > 3 % In  AND  Ii > 23 % In


high threshold blocking the phase to phase loops to operate: Ig > 10 % In  AND  Ii > 143 % In

The blocking by out of step is cancelled by a percentage relay:


Ig > 0.2 * In + 0.2 * (highest phasor current)

2 - 6 - Affectation of zones to modules

Each module RLZA owns a strap S8 that can have  4 positions:


Position 1: 
zone 1


Position 2: 
zone 2


Position 3: 
zone 3


No Strap   : 
backward zone for blocking underreach scheme.

2 - 7 - Timers

The setting of the second and third step timers, so as the one of the timer To used in the blocking overreach scheme, are implemented from front face of the central unit RGLC, by 16 position coding wheels:


To = (0 ... 15) * 5 ms

T2 = (0 ... 15) * 5 ms + (0  ... 15) * 80 ms

T3 = (0 ... 15) * 15 ms + (0  ... 15) * 240 ms

The setting of the timer Te, associated with the backward zone, is implemented from the front face of the module RGLB, by two coding wheels:

 
Te = (0 ... 15) * 20 ms + (0  ... 15) * 320 ms

2 - 8 - Choice of signalling scheme

It is implemented on the module RLGC by the commutation block S2 that contains 8 switches. Only the following ones are used:


- acceleration scheme or no signalling scheme. The switches 7 and 8 are pushed; 


- blocking overreach. The switches 5, 7 and 8 are pushed;

2 - 9 - Out of step
The setting of rp and xp is implemented on the module RLZB thanks to the parameters a_out-of-step                and b_out-of-step.


a is set thanks to 1 coding wheel:

a_out-of-step  = 2 * (0 ... 15)


b is set thanks to 2 coding wheels:

b_out-of-step =  (0 ... 15) + 16 * (0 ... 15)


xp = 2 * (1 + a_out-of-step)


rp = b_out-of-step / 2

The out of step blocking is cancelled by one of the following criteria: 


Ig  > 20 % of the lowest phasor current;

Ig  > 20 % of the rated current.

3 - Pick up width reckoning

3 - 1 - Study of three phase load report on a meshed double circuit line
3 - 1 - 1 - Drawing of the transit, the out of step and the pick up characteristic


the transit characteristic is defined 

by the 4 circles in dotted line
    





     Circle C3

(see appendix 2, § 224, where the points

N1, … N6 are also defined)
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were seen on  § 113.
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The circle C1 centred on A

and the circle C2 centred   

on  B have a radius of 61 .





     Circle C4

          

The C3 centre abscissa is
   94.2   (   85°

The C4 centre abscissa is
 - 69.2  ( 85°

The radius of C3 and C4 is   80.7 .

the anti-out of step external characteristic must be found inside the envelope of three circles. The width Rf of the phase to earth loop characteristic must be compatible with the internal out of step characteristic. 

The anti-out of step and pick up characteristics may be larger than drawn on the diagram. 

- Recall of the neuralgic point co-ordinates:


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

3 -1 - 2 - Compatibility between the external out of step characteristic and the three phase load report one

- preliminary : compatibility between a neuralgic point and a slanting band.
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Let us reckon the length of the AH in relation with the one of segment AM. They are linked by:


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

Thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  

that we can write 
AH = AM * sin (  - ) / sin 
To respect the security margins recommended by the setting guidebook, you must have:








sin ( )


1.1 * AM < 0.9 * ANi, 
thus 
1.1 * AH < 0.9 *

      * ANi


(1)








    sin 


- anti-out of step bandwidth

We test each point Ni with the external characteristic. The internal characteristic width being 0.8 time the external characteristic width, we obtain the following tests:



      0.9

sin ( i) 


Rpi = 0.8 * 
* Ni * 


(i = 1 ... 6)



       1.1

     sin  

We retain for Rp the lowest value of Rpi 


- anti-out of step bandheight

It is set in relation with the third zone reach defined on § 413  and § 42

Xp = 1.15 * X3


Xext = 1.25 * Xp

3 - 1 - 3 - Compatibility between the external out of step characteristic and the pick up one


- Forward reach


Ziaffx = X3 

Xp = 1.15 * X3


- Resistive reach
The parameter Rf , which is equal to the fault resistance, gives the width of the pick up characteristic in case of balanced transit. It must be compatible with the anti-out of step.



Rp


Rf = 



1.15

If the relay owns no anti-out of step, Rf has the value which would be the one of Rext. It is thus linked to the value of Rp reckoned above by:


Rf = Rext = 1.25 * Rp


- parameter to be implemented on the relay (see § 2 - 3  and 2 - 9)

b_anti-out of step = 2 * rp_secondary


        

       xp_secondary 


a_anti-out of step  =

     - 1



      

    2


b = 2 * rf_secondary

The program  Umbrella gives, following the implementation constraints of the relay: 
Rp = 48  «primary», i. e. 24  «secondary»

Xp = 60  «primary», i. e. 30  «secondary»

Rf = 33 «primary», i. e. 16.5  «secondary»

 3 - 2 - Phase r load report on a meshed double circuit line.

In case of single phase load report, the phase to earth loops are activated by the one or the other of two relays with fixed threshold, set to Ig > 3%  In and Ii > 23% In.  

The compatibility must be researched between the phase to earth loops and the circles C'1, C'2, C3 and C4 defined at appendix 2, § 2 - 3. Indeed, in that case, the anti-out of step is not solicited.

From the formula (1) of § 12, appendix 2, the maximal current of the phase r is:

Ir =  C 
* It,










2

and the maximal residual current is:

Ir = (C - 1) * (3    - 
          
 )

(1)




        



     
     ko - kom + 1

Thus


Ir + ko_relay * Ig =  C' * It





(2)





  

             
       2


by putting:

C' = C + ko_ relay  *  (C - 1) * (3 -
                       )



(3)







      
 ko - kom + 1

ko_ relay is the earth factor implemented on the relay.



The transit characteristic is defined by

the envelop of the 4 circles.

    



  
    Circle C3

in red dotted line (see appendix 2, § 23,

where the points N'1, … N'6 are also defined
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     Circle C4

The radius of the circles C'1 and C'2 giving the transit limits, in the phase to earth loop impedance plan: 

     Vmin

      Zt


r' = 


= 


          Ir + ko_ relay * Ig
      C'

In relation with the three phase load report, the pick up characteristic is larger, and the circles 1 and 2 are smaller. 

The width of the chosen loop characteristic is defined by:




Vr


Rf =



Ir + ko_ relay * Ig

During a single phase load report the anti-out of step is disabled. 

The program  Umbrella gives, following the implementation constraints of the relay: 

Rf = 49 «primary», i. e. 24.5  «secondary»

3 - 3 - Supply of a  customer.

We compare the position of each vertex (in fact the point S) of the anti-out of step parallellogram (see § 113) in relation with the circle defining the transit area.

Xext 






             K      








                           K'       
       S







     A   H       H'


  










     Rext

Let us call  N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer. 
     1.1

The compatibility of the point S with the circle can be written: [          * AS ]²  ( N1²









      0.9   
    

Now
AH'  = AH + HH' = Rext + AK' * cotg 

AK'   = AK - KK' =  Xext - AH' * tg 7°

then, after resolution, and by remarking that 
AS² = AH'² + AK'²

            (Xext - Rext * tg 7°)² + (Xext * cotg  + Rext)²


AS² = 




(1 + cotg  * tg 7°)²

And we find:








     0.9*N1          1+cotg *tg7°
    Xext

Rext=cos² 7°*{Xext *(tg7°-cotg ) (    [Xext*(cotg -tg 7°)]² + (              )² * (                      )² - (                    )² }



  (

                       1.1

   cos 7°      
sin * cos 7°

The program Umbrella neglects the slope of the "horizontal" lines. The formula becomes:
Rext = ( Xext + (0.9 / 1.1)² * N1²  - Xext / tg 
3 - 4 - Link between a power plant and a substation

The neuralgic points are defined on § 226, appendix 2. Solely the points N1 and N2 are considered.

4 - Zone reckoning

4 - 1 - Protection of a single circuit line

4 - 1 - 1 - First zone X1



- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find:


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find: 
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have: 
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain: 

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

4 - 1 - 2 - Second  zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain: 
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have: 

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1: 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
4 - 1 -3 - Forward zone  X3

X3 ( 1.3 * X2 

4 - 1 -4 - Backward zone  X4

X4 =  X1
4 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

X3 ( 1.3 * X2

X4 = X1
4 - 3 - Parameters to implement on the relay

They are given by :


250 * a_first zone * (20 + p_ first zone) ( x1_secondary

250 * a_second zone * (20 + p_ second zone) ( x2_ secondary

250 * a_third zone * (20 + p_ third zone) ( x3_ secondary

250 * a_ backward zone * (20 + p_ backward zone) = x1_ secondary

 5 - Reckoning of the data characterising the relay behaviour

5 - 1 - Maximal detectable resistance

It is, near the close end, the value Rf implemented on each measuring element.

On first zone limit, it can contain a small error due to the discrepancy between the angle  of the line and the angle  of the image:


Maximal detectable resistance  = Rf + X1 * (tg  - tg  )

i. e., a ratio with the first zone reactance:


          Rf

r  =
    + (tg  - tg  )


          X1

5 - 2 - Maximal reach in case of solid fault

The forward and backward maximal reactance values are given by the setting values of the measurement elements  "zone 3" and "backward zone".

The backward zone reactance is necessarily lower or equal to the forward reactance. We can choose a priori

X_ backward = X_ forward - Xl.

6 - Timers

They are determined in relation with the position of the relay in the network.

7 - Satisfaction of the conditions expressed in the setting guidebook

7 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequality

X3 > 1.3 * X2

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

1.15 * Xext <  0.9 * XL + 0.8 * Xdmini_transfo_ forward

or, a minima,
1.15 * X3 *  <  0.9 * XL + 0.8 * Xdmini_transfo_ forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

This condition is irrelevant on the 400 kV network.

condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».


1.15 * X3 ( Xp

This condition is achieved on the REZ1

7 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

This condition is achieved on the REZ1

7 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

This condition is achieved on the REZ1

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»



1.15 * Xext < 0. 8 * Xdmini_transfo_ backward

or, a minima
1.15 * X_amont < 0. 8 * Xdmini_transfo_ backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

The backward zone and the forward zones being independent and owning their own directional relay, this condition does not concern the REZ1.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Following the measurement errors, we choose:


X_ backward (P1) > 1.3 * X1 (P2) - 1.06 *  XL 

PXLP

It is an electronic protective relay with 6 distance measuring elements. 

The PXLP studied here is named  3 - 66 on the manufacturer guidebook. It is fit out with three independent zones, an anti-out of step, and three mho relays turned backward and aimed to deliver a directional information used to improve the clearance of the double phase-to-earth fault on meshed double circuit lines. The earth current module of the phase selection has a percentage threshold.

The pick up of the PXLP is also used in another device: the differential protective relay DIFL. It is described in appendix 6.31
1 - Input data


- Pick up

It has the form of a circle or of a lens. Obtained by measuring the phase angle between two compensated voltages (difference between the loop voltage and an image voltage, method described on § 2133 of the third part ).

The form of the lens is described by the ratio ab. 


          X
It can also be defined by the angle : 
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if a = b, = 90° and the characteristic is circular
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We compare the phase of the voltage  V - Z4 * I  to the one of  V - Z5 * I.  If the phase difference is lower than  , the functioning  point M is inside the lens. The lens is described by the following equation:


(Z4 - Z5)²  = (Z - Z4)² + (Z - Z5)² - 2 * (Z - Z4) * (Z - Z5) * cos 


(by replacing the sign  =  by the sign  >  we obtain the point located inside the lens).

We put then: Z5 = - k5 * Z4

Each arc of the circles C2 and C3 composing it is defined by:





         (1 + k5)


- its radius R2 = R3 = Z4 * 





(1)





        2 * sin 


- its centre, having the complex abscissa 



           (1 + k5)²



(1 - k5) * sin 
CL2 = [Z4 *    -k5 +  
              ]   ( [ - arc cos 



     ]
(2)



           4 * sin²


   ((1 + k5)² - 4 * k5 * sin² 



           (1 + k5)²



(1 - k5) * sin 
CL3 = [Z4 *    -k5 +  

]   ( [ + arc cos 



     ]
(3)



          4 * sin²


   ((1 + k5)² - 4 * k5 * sin² 
In the absence of residual current,  the voltage used is Vr - Vy, ... and the current used is Ir - Iy, .... So we can say that the lens is drawn in the impedance loop defined by: 


Vr - Vy

Vy - Vb

Vb - Vr







 Ir  -  Iy

 Iy  -  Ib

 Ib  -  Ir

When the residual current is present, the impedance plan cannot be defined simply. Indeed, the image voltages are:


image forward:
Z4 * (Ir + ko_relay * Ig)  ...

image backward:
- k5 * Z4 * Ir  ...

and the voltage used is Vr, ...,   the six loops operating in parallel.

(ko_relay is the earth factor implemented on the relay, which may be a little different from the real ko, because of the implementation constraints - see § 311)

- Anti-out of step

The function anti-out of step is performed on the loop "r - y". It uses the same data as the pick up of the same loop. The image impedance used is:


image forward :
Z4 * (1 + )


image backward: 
- (k5 + ) * Z4

To obtain the radius and the centre of each arc defining the anti-out of step characteristic, you must replace      

 Z4  by  Z4 * (1 + ) 
and 
k5  by  (k5 + ) / (1 + )




(4)


- Distance measurement

The relay owns 3 forward zones limited by distance measurements. The fourth zone is the pick up. The mho relays, not settable, are used to elaborate a backward information. They are not drawn on the diagram, by lack of documentation. 

On the phase to earth loops, the pilot current used is the residual current Ig for the first zone measurement, the current Ir + ko_relay * Ig ... for the other zones. 


- Phase selection. It uses:

- the 6 pick up relays,

- a residual current relay, containing a fixed threshold and a percentage threshold. 

Ig > 0.2 * In + 0.2 * Iph


- 3 polarised mho relays, oriented backward, and with the same reach as the phase to earth loops, 


- 3 overcurrent relays set at  3 * In.

- Directional function 
On the phase to phase loops, we compare the phase of a memorised positive sequence voltage to the one of an image voltage, for example Vdy to  Z4 * (Ir - Iy).

On the phase to earth loop, we compare the phase of the compounded residual voltage,



Vg - j * g * Ig

to the one of an image voltage R * Ig in phase with the residual current 

the factor g is called compounding factor of the directional module. It is not used at the EDF. 

Numerical application:

line 400 kV, reactance 25 ohm, maximal transit current  2000 A, earth factor   ko = 2 / 3, mutual induction factor 0.4, argument  = 85 °.

We suppose a priori the following settings:

        X4 = 37.5 Ohm_primary, i. e. 150%
 = 85° (angle of the image impedance)

 = 0.4

        k5 = 1/2



ko_relay = 0.7

a / b = 0.47
i. e. 
 = 130°

2 - Drawing of the characteristic in case of fault.

2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

In that case, Ir = - Iy

The pick up and the distance measurement are done in the same impedance plan. This plan is defined by: 

          Z = (Vr - Vy) / (Ir - Iy)

The radiuses and the centres of the arcs are those of formulae (1), (2), (3), (4),  § 1
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    (k5 + ) * Z4

In case of solid or resistive fault on a line without burden, the loop equation is:

          Vr - Vy = Zd * Ir + Rf * Ir + Zd * Ir, thus:

         (Vr - Vy) / (Ir - Iy) = Zd + Rf / 2

Rf is the maximal fault resistance. It is the double of the value red on the reference impedance plans. 

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.

In that case, Ir = a * Iy

the phase selection activates the phase to phase loop.

The pick up is done in the impedance plan defined by : 

Z = (Vr - Vy) / (Ir - Iy)

The radiuses and the centres of the arcs are those of formulae  (1), (2), (3), (4) of  § 1
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    (k5 + ) * Z4

It is the same characteristic as on preceding §.

If the same fault, with a resistance Rf appears on each phase, the loop equation is, without burden:

      
Vr - Vy = Zd * Ir + Rf * Ir + Rf * Iy + Zd * Iy

Thus:

      (Vr - Vy) / (Ir - Iy) = Zd + Rf
Rf is the maximal detectable resistance fault without burden. It is equal to the value red in the reference impedance plans.       







Rf
2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
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  K5 * Z4 / (1 + ko_relay)

The  radiuses  RM2  and  RM3, and the  centres CML2  and  CML3, of the arcs are deducted from those of formulae (1), (2), (3), (4) of § 1 by replacing k5 by k5 * (1 + ko_relay)







In case of resistive fault on a line without burden, the loop equation is:

        Vr = Zd * Ir + Rf * Ir + ko_relay * Zd * Ir

Thus

        Vr / (Ir * (1 + ko_relay)) = Zd + Rf / (1 + ko_relay)

The maximal detectable resistance Rf  at point D is equal to the value red in the impedance plan, multiplied by    1 + ko_relay.

3 - Setting parameters

Solely are indicated the parameters susceptible to be modified by the setting calculations. 

3 - 1 - Implementation from front side

3 - 1 - 1 - Forward pick up

Its reactive part is obtained thanks to the parameter N4, settable from 1 to 99, by two coding wheels. 


x4 : 500 / (n4 + 1)

Its argument  is obtained thanks to a coding wheel with 16 positions:

	Position
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	
	86°
	83°
	79°
	76°
	72°
	69°
	66°
	63°
	60°
	58°
	55°
	53°
	51°
	49°
	47°
	45°


The earth factor ko_relay is obtained by the parameter K, settable from 0 to 15 by a coding wheel:


ko_relay = 0.1 * K

3 - 1 - 2 - Backward pick up

Its reactive part x5 = k5 * x4 is obtained thanks to the parameter K5, settable from 1 to 4 with a coding wheel: 

	K5
	1
	2
	3
	4

	k5
	0.125
	0.25
	0.5
	1


3 - 1 - 3 - Distance measurement

They are obtained thanks to the parameters n, settable from 0 to 99, and to the parameters a, the value of which is given by a four position coding wheel, as describe below: 

	position 1
	a = 1

	position 2
	a = 5

	position 3
	a = 10

	position 4
	a = 50


 To each zone a couple a, n, corresponds, which defines its reactance: 


x1 = 20 * a1 / (n1 + 1)


x2 = 20 * a2 / (n2 + 1)


x3 = 20 * a3 / (n3 + 1)

3 - 1 -4 - Out of step

The anti-out of step bandwidth  x =  * x4 is chosen thanks to 3 switches S1; S2; S3 with two positions  


- if they are all closed, 
 = 0.1 


- if  S1 is open, 

= 0.2


- if  S2 is open, 

= 0.4


- if  S3 is open, 

= 1

3 - 1 - 5 - Timers

Each of them is obtained thanks to the parameter t, settable from 0 to 99 by two coding wheels. 


T1 = t1 *     5 ms


T2 = t2 *   10 ms


T3 = t3 * 100 ms


T4 = t4 * 100 ms

3 - 2 - Implementation from the prints

3 - 2 - 1 - Shape of the characteristic

The angle  of the lens can be set at:

	
	a / b
	closed straps

	90°
	1
	S9:1 and S12:1

	100°
	0.84
	S9:2 and S12:2

	110°
	0.7
	S9:3 and S12:3

	120°
	0.58
	S9:4 and S12:4

	130°
	0.47
	S9:5 and S12:5


 


           








                 a








          b

3 - 2 - 2 - Signalling schemes

The used schemes are:

- acceleration sent from zone 2


- blocking overreach

The corresponding strap positions are:

	
	S1
	S3
	S4
	S6
	S8
	S17

	Acceleration
	F
	O
	F
	F
	F
	O

	Blocking overreach
	O
	F
	O
	O
	O
	F


More, if the staple S20 has the position 2-3, the absence of high frequency carrier has during 30 ms the same effect as the reception of a signal. This possibility is used when the signal is not doubled.

3 -2 - 3 - Threshold relay


- phase overcurrent threshold : 0.15 A, non settable,

- zero sequence current threshold: we choose the position "percentage relay", non settable. The strap S7 of the card QAH has the position 1-3


- compounding of the directional zero sequence relay by strap S3 of the card QAH:




          o


         o  o




  o  o


          
o

         

g = 0 : meshed double circuit line

g = 1  : ZdL < 30 
g = 10  : ZdL > 30 
4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1 Drawing of  the transit, the out of step and the pick up characteristic

Compatibility of the transit characteristic and the anti-out of step one


The transit characteristic is defined by the 

4 circles in red dotted line (see appendix 2, § 224,    
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where the points N1, ... N6 are also defined







       


        Circle C2




        N4 (







           








          

The phase to earth loop 

        N2(

 

            

characteristics are seen on § 22
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The circle C1 centred on A

and the circle C2 centred 

on B have a radius of  61 .





     Circle C4

The circle C3 is centred on the point having the complex abscissa 
   94.2   (   85°

The circle C4 is centred on the point having the complex abscissa
- 69.2  ( 85°

C3 and C4 have a radius equal to


 

   80.7 .

We must check that the anti-out of step characteristic is located inside the overload area. For this we check this characteristic in relation with the 6 neuralgic points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined at § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates:


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and: 









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of the parameter defining the pick up circle and the out of step circle

- preliminaries : compatibility between a neuralgic point and a lens.
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Z4




CL3





     N








          M






    3







         
      







          A





       Z5
          X5

The compatibility between the point N and the circle centred on CL3 with the radius R3 is :


0.9 * AN > 1.1 * AM








(1)

By solving the triangle CL3AM we find:


ACL3² + AM² - 2 * A CL3 * AM * cos (3 - ) = CL3M² = R3²




(2)

thus:
AM = A CL3 * cos (3 - ) + (  R3² - A CL3 ² *  sin² (3 - )

We obtain, by using the formulae (1), (2), (3), and (4) of  § 1, and by putting;
 
X'4 = X4 * (1 + 
           k5 + 
k'5 = 

            
           1 + 
          0.9      



2 * AN * sin  * sin 




(3)

X'4 <     
  *

          1.1       ( (1+k'5)² - 4 * k'5 sin²  * cos (3 - ) +  ( (1+k'5)² * cos² (3 - ) + 4 * k'5 * sin²  * sin² (3 - )

- Calculation of X4

We choose a priori a value for k5, e. g. 0.5, a value for , e. g. 0.2, and a value for  , e. g. 90° (circular characteristic). We deduct the value of X4 for each neuralgic point and we retain the lowest value. We choose the lowest parameter n4 satisfying:


X4 > 500 / (n4 + 1)

We test then the compatibility of the found value with the constraint of  § 9 - 1 - condition a  and if the performance obtained by the out of  step on § 6 is enough. If not, we modify k5, .

 In the numeric application, the program  Umbrella gives :


Z4 = 71.4  «primary», i. e. 35.7  «secondary» 
(n4 = 13)

without modifying the values of k5, , and  
4 - 2 - Study of the single phase load report on a meshed double circuit line

As the zero sequence current module is a percentage relay, insensitive to single phase load report, the phase to earth loops are not activated. The phase to phase loops are activated, but are less sensitive to a single phase report than to a three phase report, for the same initial network. 

4 - 3 - Supply of a  customer.

We compare the position of the point S, abscissa Z4 * (1 +   ( see § 22) in relation with the circle defining the transit area.










 S







    A      

Let us call  N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer. 
The compatibility of the point S with the circle can be written:

    1.1      __

[          * AS ]²  ( N1²

    0.9



0.9

Thus : 
Z4 * (1 +  ( 
          *
N1




1.1

4 - 4 - Link between a power plant and a substation

The neuralgic points are defined on § 226, appendix 2. Solely the points N1 and N2 are considered.
5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - First  zone X1



- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Second  zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 and XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

6 - Out of step reckoning

In the most of the protective relays, the anti-out of step bandwidth is fixed. In the PXLP is can be set.

Let us consider a simplified network, similar to the one studied in appendix 2 - 1:






    A

   B



~
     Zsmini
    Zs1

   ZL

  Zs2
             Zsmini

      ~


E1










    E2

The electromotive force E2, having the same module as E1, turns in relation with E1 with an angular speed . The impedance values have the same argument.

We reckon the positive sequence impedance Zd seen from point A :


Vd
        Zsmini + Zs1 + ZL + Zs2 + Zsmini


        = Zd =  




- Zmini - Zs1


Id

          
          j *  * t





1 - e

When t varies, Zd describes a straight line perpendicular to the line image.

In what follows, we suppose that :


Zs1 + Zsmini = Zs2 + ZL + Zsmini


 = 90 °


k5 = 1


 = 90°.

The pick up characteristic is then a circle centred on the origin, with a radius Z4, surrounded by the anti-out of step circle with a radius of  Z4 * (1 + ), and the impedance Zd describes the R axis according to the equation


Zd = Zmini + Zs1 / tg (  * t / 2)

It cuts the anti-out of step circle at instant to, and the pick up circle at instant to + t. The angular speed beyond which the anti-out of step may no more operate is then given by :

          2

  Zsmini + Zs1

Zsmini + Zs1

 <  
* (arctg


-  arctg

          )

         t

          Z4

  Z4 * (1 + )

Numeric application:


t = 25 ms (imposed value)


Zsmini + Zs1 = Z4


for  = 0.1
we find

 =  3.81 rad / second
thus
0.60 Hz

for  = 0.2
we find

 =  7.25 rad / second
thus
1.15 Hz

for  = 0.4
we find

 = 13.21 rad / second
thus
2.10 Hz

for  = 1

we find

 = 25.74 rad / second
thus
4.10 Hz

7 - Timers

Their setting is a function of the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

8 - Reckoning of the data characterising the relay behaviour

8 - 1 - Maximal detectable resistance


- at close substation (point H of § 23)

The complex abscissa of the point M running along the circle C3 is described by: 


___     _____     _____     _____                  j * 

AM = ACML3 + CML3M = ACML3 + RM3 * e

when  varies.

By giving to the vectors the values defined by formulae (1), (2), (3), (4),  § 1, and by putting  

        k'5 = k5 / ko_relay, we obtain :

 ___ 
 Z4







AM = 
             * [( 1 + 2 * k'5 * cos (2*) + k'5²  * (cos 3 + j sin 3)  +  (1 + k'5) * (cos  + j * sin ) ]
      (1)

             2 * sin 





          ___

When the point M reaches A, the imaginary part of AM is null. Let us call 1 the value of  corresponding to this position. It is defined by: 



 sin 3


sin 1 = 

* ( 1 + 2 * k'5 * cos (2*) + k'5²



1 + k'5

We find then, by remarking that  AH = Rf / (1 + ko_relay)


           X4 * (1 + ko_ relay)


Rf = 


          * [ ( 1 + 2 * k'5 * cos (2*) + k'5²  * cos 3  + (1 + k'5) * cos 


  2 * sin  * sin 
- on the first zone limit (point H' of § 23)




            ___

When the point M reaches H', the imaginary part of AM is X1.

We define then an angle 2. We obtain it through the formula (1)

Z4







X1 = 
             * [( 1 + 2 * k'5 * cos (2*) + k'5²  * sin 3  +  (1 + k'5) * sin 2 ]


             2 * sin 



2 * X1 * sin  * sin 

thus    2 = Arc sin [


      + sin 1]

and



      
X4 * (1 + k'5)

          X4 * (1 + ko_ relay)

 Rf = 


          * [ ( 1 + 2 * k'5 * cos (2*) + k'5²  * cos 3  + (1 + k'5) * cos X1 * cos 
  2 * sin  * sin 
8 - 2 - Maximal reach in case of solid fault


- Phase to phase or three phase fault:
forward reach

Z4

backward reach

- k5 * Z4

- Phase to earth  fault:


forward reach

Z4

backward reach

- k5 * Z4 / (1 + ko_relay)

9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequality

X4 > 1.3 * X2

If it is not checked, we perform again the reckoning described at §  4 - 1 - 2 with other values for  or for k5.

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

1.15 * X4 * (1 + ) <  0.9 * XL + 0.8 * Xdmini_transfo_forward

or, at least,

1.15 * X4 *  <  0.9 * XL + 0.8 * Xdmini_transfo_forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

This condition is irrelevant on the 400 kV network.


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping on pick up. The PXLP is not concerned.

9 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The PXLP is not concerned.

9 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By design, the PXLP answer this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»


1.15 * (k5 + ) * X4  < 0. 8 * Xdmini_transfo_backward

or, a minima

1.15 * k5 * X4  < 0.8 * Xdmini_transfo_backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

The PXLP is not concerned.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain :


0.85 * k5 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL 

appendix 6.31

Setting of the impedance pick up of the DIFL

It is a characteristic drawn in the positive sequence impedance plan, i. e. obtained from the following input data:  


3 * Vd = Vr + a * Vy + a² * Vb

3 *  Id  = Ir   + a * Iy  + a² *  Ib  

When the network is balanced, it is identical to the pick up of the phase to phase loops. Its setting, which concerns the same parameters as the one of the PXLP, is obtained by the same way, after suppression of the anti-out of step. 

In case of three phase load report, the factor to be considered is the factor C. In case of single phase load report, the factor C is convenient, although it be a little too high.

The pick up by impedance of the DIFL can be set as the pick up of the PXLP without anti-out of step.

PDS

It is an electronic protective relay with 6 distance measuring elements

1 - Input data


- Pick up


The relay contains 3 phase to phase pick up loops, and 3  phase to earth pick up loops. 

Each of them is a parallelogram formed by the crossing of two bands. The horizontal bands use, to elaborate the compensated voltages, the same data as those used to measure the distances, and so do also the slanting bands of the phase to phase loops.:







Vr - Vy 

and 
Ir - Iy;

...







Vr 

and 
Ir + ko * Ig;
...

The pilot current used for the phase to earth horizontal bands is : 

Ir + Ig

The elaboration of the compensated voltages of the phase to earth slanting bands is performed with: 

Vr 

and
Ir + Ig; 
...

The pilot current used for the phase to earth slanting bands is:


Ir + ko * Ig;

...


- Distance measurement

The straight lines limiting the second zone are drawn with the same input data than the pick up horizontal bands.

The line limiting the first zone of the phase to earth loops uses Ig as pilot if its module is large enough              (Ig > 0.2 * In). Else, the pilot is Ir + Ig. 


- Anti-out of step

The pick up of the 3 phase to earth loops is also the internal anti-out of step characteristic. The external anti-out of step characteristic use the same horizontal lines, but slanting lines are distant from it of  a  gap of R (primary ohm) or r (secondary ohm). The input data used are the same as the pick up ones.


- Phase selection

It uses, with the pick up loops, a system which allow to see the phase to phase to earth faults as the phase to phase faults, and not as two phase to earth fault, thanks to a system called fault axes. The accuracy of the distance measurement is then improved. 

This system needs no setting.

The residual current module has a fixed, no settable, threshold. 


- direction

The direction of each phase to earth loop is obtained by comparing a memorised positive sequence voltage and an image voltage elaborated from a negative sequence current. 
The direction of each phase to phase loop is obtained by comparing a memorised positive sequence voltage and an image voltage elaborated from the current of the loop.

Numeric application:

        
- line 400 kV with a positive sequence impedance  ZL = 25 , a maximal transit current  It = 2000 A, an earth factor  ko = 2 / 3, and an argument  = 85 °,

        
- forward reach, in reactance:    X3 = 37.5 ,

        
- backward reach, in reactance:    X4 = 12.5 ,


        
- resistance image Ri  = 20 
        
-  = 80° (maximal error in relation with )

         
- kz = 2;  which corresponds to a current transformer with a ratio of 2000 / 1

         
- anti-out of step gap:  R =  6  (secondary); the rated secondary current is always  In = 1 A,  so  R = R * kz =  12  (primary).


2 - Drawing of the characteristic in case of fault.


2 -1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden

               







          X3



 is the line argument 







      


 is the line image argument 
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Rf / 2
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scale 1 cm = 10 
In yellow: representation of the line in the impedance plan, argument 

In orange: representation of the line image in the impedance plan, argument 
The half pick up bandwidth is equal to the half of the image resistance Ri, itself equal to the maximal detectable resistance, apart from the angle error.

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.
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scale 1 cm = 10 
In blue:  anti-out of step, on the three phase to earth loops.

In green: pick up, on the ix loops

The horizontal bands are drawn in the reference plan. X3 and X4 are the setting values of third zone and fourth zone, which are also the pick up limits.

Ri    is the setting resistance. Ri / 2 is the resistance per phase of a balanced fault.
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2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
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scale 1 cm = 10 
A fault with a resistance Rf + 2 ** kz is seen on the limit of the out of step zone.

3 - Setting parameters

Solely the parameters that may be modified by the setting calculations are indicated here. 

3 - 1 - Reactance


- potentiometer "10 turn" X :
continuously settable from 0 to 10


- switch C :


it may have the positions 1 or 5


- potentiometer K2 :

continuously settable from 1 to 5


- potentiometer K3 :

continuously settable from 1 to 10


- potentiometer K4 :

continuously settable from 0 to 30

The first zone reactance is:

x1 ( secondary) 
=
         C * X

The second zone reactance is:

x2 (secondary 

= 
K2 * C * X

The forward pick up reactance is:

x3 (secondary 

= 
K3 * C * X

The backward pick up reactance is:

x4 (secondary 

= 
K4

3 - 2 - Resistance

It is performed by a potentiometer continuously settable from 0 to 80 .

The implemented value is the fault resistance.

3 - 3 - Out of step

The choice between the values   = 6   and   = 12   is performed thanks to 4 straps located in the analogic drawer on the loops "A"; "-A"; "-B"; C. (see the guidebook of the manufacturer)

3 - 4 - Argument 
It is implemented thank to a potentiometer continuously settable from 70° to 85 °.

3 - 5 - Earth factor ko

It is implemented thank to a potentiometer continuously settable from 0.2 to 1.5.

note : the continuously settable potentiometers allow to implementing the exact setting values, but need a systematic calibration with a test network.
3 - 6 - Tripping delays

Each timer contains 3 coding wheels with 10 positions each (from 0 to 9)


- TA (first step time delay for blocking overreach scheme)
 = value * 1 ms 

- TB (quick second step delay)



= value * 1 ms

- TC (normal second step delay)



= value * 1 ms

- TD (no directional third step delay)


= value * 5 ms

3 - 7 - Non settable thresholds

threshold Io 
= threshold Ir 
= threshold Iy 
= threshold Ib 
= 0.2 A


threshold Vd 
= 2.9 V


threshold Vo 
= 20.3 V


 4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristic
- "Network" data

The transit characteristic is defined

by the 4 circles in red dotted lines
    





     Circle C3
      (see appendix 2, § 224, where the

points N1, … N6 are also defined)







       


        Circle C2




        N4 (
The phase to earth loop 
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characteristics were seen at § 22    
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circle C1

scale 1 cm = 20        





            ( N5
 







        

          

The circle C1 centred on A

and the circle C2 centred on    B

have a radius of 
61 .






     Circle C4

The centre of circle C3 has the 




       abscissa 
 94.2   (   85°

The centre of circle C4 has the - 




       abscissa
- 69.2  ( 85°

The radius of  C3 and C4 is 






80.7 .

The anti-out of step characteristic must be located inside the envelope of these circles. It may be wider than drawn on the diagram.

- "Relay" data
The half pick up bandwidth is:  Ri  / 2
= 
10 
(see § 22 )
The width of the anti-out of step gap is:        R =  * kz  
=
12   

We test that the anti-out of step characteristic remains inside the load report area. For this we test it in relation with the 6 neuralgic points defined on § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates:


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of the bandwidth in relation with the transit


- preliminary : compatibility between a neuralgic point and a slanting band.
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Let us reckon the length of the segment AH in relation with the one of the segment AM. They are linked by:


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  

that we can write 
AH = AM * sin (  - ) / sin 
To respect the security margins recommended by the setting guidebook, you must have :








sin ( )


1.1 * AM < 0.9 * AN, 
thus 
1.1 * AH < 0.9 *

      * AN


(1)








    sin 


- insensitivity toward the three phase load reports

As  is obtained thanks to a continuously settable potentiometer, we have:  = .

We compare the position of the neuralgic points N1, N3, N5 towards the straight line D, then the position of   N2, N4, N6 towards the line D'. We obtain inequation as:


0.9
          sin ( - i)




0.9

sin (i - )

AH < 
        * ANi * 

    (i = 1, 3, 5)

H'A < 
        * ANi * 

      (i = 2, 4, 6)


1.1

sin 




1.1

    sin 
We retain the lowest of the 6 values found for AH and H'A, from which we find, according to the §  22, the resistance Ri :


AHmin = Ri / 2 +  * kz

or
  
Ri = 2 * (AHmin -  * kz)


The width of the anti-out of step gap is chosen equal to 6  if   kz ( 2,  12 if  kz < 2

 The program  Umbrella gives: 

Ri = 74  «primary », i. e. 37  «secondary »
which corresponds to a half  anti-out of step bandwidth of: 

Ri / 2 +  * kz = 49  «primary » or 24.5  «secondary ».

4 - 2 - Study of single phase load report on a meshed double circuit line
The r - earth loop of the safe line is activated, as the residual current module has a fixed threshold which is generally overcome. 

From the formula (1) of § 12, appendix 2, the current of the phase that corresponds to the faulty phase of the faulty line is:

                Ir =  C 
* It,

and the maximal residual current is:




        2

                Ir = (C - 1) * (3 - 
            )







(1)



 
  ko - kom + 1

Thus:

Ir + ko * Ig =  C' * It






(2)





  

             2


by putting:

C' = C + ko * (C - 1) * (3 -
              )

 

(3)







      ko - kom + 1

The circles C'1 and C'2 giving the transit limits have then a radius, in the reference plan of the phase to earth loops: 

                r' = Vmin / (Ir + ko * Ig) = Zt / C' 

The comparison performed in the selected loop is defined by:


   Vr
      Ri 



=           +  R


Ir + Ig
       2

which gives, in the reference impedance plan:

     Vr
          Vr           Ir + Ig
      Ri
                 
(ko - kom +1)*(4*C-3) - 2*(C-1)



     =
      * 
              = (          +  * kz) *  

   
Ir + ko * Ig     Ir + Ig     Ir + ko * Ig         2
                   (ko - kom +1)*(C+3*ko*C-3*ko) - 2*ko*(C-1)


           Vr
      Ri



        (ko - kom +1)*(4*C-3) - 2*(C-1)

We put:  
           =   ( 
+  * kz) *       with       = 


   Ir + ko * Ig               2


      
     (ko - kom +1)*(C+3*ko*C-3*ko) - 2*ko*(C-1)

Thus the diagram:


The transit characteristic

is defined by the 4 circles
in red dotted lines   



  
     Circle C3

 (see appendix 2,  § 23, where the points

N'1, … N'6 are also defined)
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    Circle C4

In relation with the three phase load report , the pick up characteristic is enlarged, and the circles C'1 and C'2 are smaller than the circles C1 and C2. Their radius is divided by C' / C. The anti-out of step characteristic must remain inside the overload area. For this, we must calculate, in a first time, the affixes of the neuralgic points N', by replacing C by C'. 

The pick up half bandwidth becomes:

Ri *   / 2 


The anti-out of step half bandwidth become: 
 * kz * 

Then we test the compatibility of AH and AH' with the points N' and we find AHmini. Thus:



   AHmini


Ri = 2 * (
     -  * kz )



        
The program  Umbrella gives: 
Ri = 36  «primary », or 18  «secondary » 

which corresponds to a half anti_out of step bandwidth of 

*(Ri /2 + *kz) = 34  «primary », or 17  «secondary », with  = 1.14;   = 6   and  kz = 2)

4 - 3 - Supply of a  customer.

we compare the position of each vertex (in fact the point S) of the anti-out of step parallellogram (see  § 22) in relation with the circle defining the transit area.



       X3

       S




                                    
                 






    A          rf/2+




               

X4

Let us call  N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer. 
The compatibility of the point S with the circle can be written:

    1.1      __

[          * AS ]²  ( N1²

    0.9

thus: 
Rf / 2 + kz  
( 
(  (0.9 / 1.1)² * N1² - X3²
-  X3 * cotg 
4 - 4 - Link between a power plant and a substation

The neuralgic points are defined on § 226, appendix 2. Solely the points N1 and N2 are considered.

5 - Zone reckoning

5 - 1 Protection of a single circuit line

5 - 1 - 1 - First  zone X1



- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Second  zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

6 - Timers

Their setting depends on the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

A we suppose that the angle  of the line image is equal to the angle  of the line, 

Rf = Rimage on any point of the line.

7 - 2 - Maximal reach in case of solid fault


In all fault cases: :


AK = X3 / sin 
(see § 21)


AL = X4 / sin  

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequation


X3 > 1.3 * X2 



condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

As there is no horizontal anti-out of step gap, we have only one condition :


1.15 * X3 < 0.9 * XL + 0.8 * Xdmini_transfo_forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

The PDS is not concerned.


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

That condition concerns only the relays on which the anti-out of step blocks the tripping by pick up. The PDS is not concerned.

8 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The PDS is not concerned.

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By design, the PDS answer this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»

As there is no horizontal anti-out of step gap, we have only one condition :

1.15 * X4 < 0.8 * Xdmini_transfo_backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition is relevant only for the multi-phase faults, the function "direction" on phase to earth fault being performed by a negative sequence criterion, insensitive to the fault resistance.

For phase to phase faults, the inversion straight line is perpendicular to the line image. The condition becomes:

X4 > Ri * sin (2 * ) / 4


We retain X4 ( Ri / 4 
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inversion straight line


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain :


0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL
RAZOA

1- Input data
- Pick up

The relay own 3 pick up loop, which may have 2 different shapes: 

. circular pick up;

. modified lens pick up also called ice cream cone.

In both cases, the pick up loops are supplied as follows:

. without residual current (phase to phase faults, or balanced functioning:

(Vr - Vb) / Ir ; …

. with residual current (phase to earth faults):




Vr / Ir ; …

The phase to phase voltages turn in a reverse sense in relation with the phase to phase voltages used in the relays as the RXAP or the PXLC.


- Anti-out of step

The relay own an anti-out of step module formed with two characteristics fit into each other, and independent from the pick up. It remains live on phase to earth fault. It is supplied by Vr and Ir. It blocks the orders sent by the pick up loops, through the phase selector, and enabling the distance measurement modules. 


- Phase selection 
It is performed from the three pick up loops and the residual current module. In the system chosen by the EDF, the phase to phase to earth fault is seen as a phase to phase fault. 

 The residual current module is a fixed threshold module.
- Distance measurement

For each zone the same loop, witched by the phase selector, uses the imaginary part of the impedance to measure the distance, and its real part to measure the resistance. More, it determines the fault direction. The data used are:

 (Vr - Vy) / (Ir - Iy)   ; 
(Vy - Vb) / (Iy - Ib)   ; 
(Vb - Vr) / (Ib - Ir)    
without residual current, 

  Vr / (Ir + ko * Ig)   ;
Vy / (Iy + ko * Ig)   ; 
Vb / (Ib + ko * Ig)  
with residual current. 

The pilot current and the image current are the same. 

Numeric example:

line 225 kV, positive sequence impedance 25 ohm, maximal current before load report 1000 A (see § 2-1 of appendix 2), earth factor ko = 2/3, zero sequence mutual inductance factor km = 0.4, argument = 75 °. The ratio kz is 1.1;  which correspond to a current transformer ratio of  2000 / 1

The three phase load report between identical lines is then 1.75

We choose a priori the following settings:

 setting of Zf  = 37.5 Ohm,

 setting of Zr  = 12.5 Ohm.


2 - Drawing of the characteristic in case of fault.
2 - 1 - Circular pick up.

It is defined in the pick up loop impedance plan (plan defined in the input data) by the parameters Zf, Zr, and . The parameter  is generally chosen equal to  60 °, but may be also chosen equal to 75 °. At the EDF, only the option 60° is used.
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scale 1 cm = 10 
                              2 * Zr
2-1-1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden

The input data are:
 (Vy - Vr) / Iy; ...

The diagram is drawn in the impedance plan determined by  (Vy - Vr / (Iy - Ir); ..
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
Zf - Zr
       j*60°

The affix of its centre c is:   Ac =

 
* e              , i. e., in the numeric example,  
Ac =  12.5 




             2


Zf + Zr
and its radius is :           
     r =                        

      , i. e., in the numeric example,
25 




  
2

2-1-2- Pick up in case of three phase fault, or in case of safe operation.


The input data are  (Vy - Vr) / Iy; ...

The diagram is drawn in the impedance plan determined by (Vy - Vr) / (Iy - Ir); ...
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L           Zrtri = 2 * Zr / ( 3

The affix of the circle centre turns of + 30° in relation with the preceding diagram, i. e. in the direction opposite to the one of the RXAP and of the PXLC. For  = 60 °, it is located on the reactance axis. We obtain:

      
Affix of c =      
j *  (Zf - Zr)  / ( 3    
            i. e. 
j   * 14.4 
             
radius  r 
    = 
      (Zf + Zr) / (   3                  i. e. 
       28.8 
2-1-3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

The input data are Vr / Ir; ...

The diagram is drawn in the impedance plan determined by:


Vr / (Ir + ko_relay * Ig) = Vr / [(1 + ko_relay) * Ir]; ... 

ko_relay is the earth factor implemented on the relay
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Zrtri = 2 * Zr / (1 + ko_ relay)

Zrmono =  2 * Zr / (1 + ko_ relay )   
i. e.  
Zr mono = 15 
                                                                                  










            
Zf - Zr
 j*
the centre c of the circle has the affix:   
       
       *  e          
, i. e.   15 ( 60°





            1 + ko_ relay






Zf + Zr
its radius is:                              

      


, i. e.   30  




        
             1 + ko_ relay

2 - 2 - Modified lens (ice cream cone) pick up

The parameters defining this pick up have the following value, in the pick up loop impedance plan (plan defined in the input data):

2 * Zf 








   2 * Zf
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         c2



      

      2 * Zr


                  

j*
Affix A1 of centre c1 of cercle1 (red):   

(4 *Zf / 3) * e


= A1

Radius R1 of circle 1:



2* Zf / 3                                
= R1

Affix A2 of centre c2 of circle 2 : 





 
(Zf-Zr)*sin-(Zf+Zr)*cos  

                                   
        j * arctg 




   
2*(Zf2 + Zr2 )  * e                    
(Zf+Zr)*sin + (Zf-Zr)*cos      
= A2     i. e., for  = 60°  
       




Zf - Zr*(2+ ( 3 )

                                       
          j * arctg 

  
(2 *   (Zf² + Zr² )  * e                  
Zf * (2+  (  3 ) + Zr


= A2










 Radius R2 of circle 2:


(Zf + Zr)  * (  2


= R2                                                              

Affix A3 of centre c3 of circle 3:





  
(Zf-Zr)*sin+(Zf+Zr)*cos  

                                  
      j * arctg - 




   
(2 * (Zf² + Zr² )  * e                    
(Zf+Zr)*sin - (Zf-Zr)*cos
= A3    i. e., for  = 60°
       




Zf*(2+ ( 3  ) - Zr
                                       
         j * arctg - 

     
( 2 *   (Zf² + Zr² )  * e                    Zf + Zr*(2+  (  3  )


= A3


      
Radius of circle C3:                     (Zf+Zr) *  ( 2 
                               
= R3                                                                  

 2-2-1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden

The input data are:
 (Vy - Vr) / Iy; ...

The diagram ids drawn in the impedance reference plan, determined by 
(Vy - Vr) / (Iy - Ir); …
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The modules of the circle centre affixes, and the values of their radiuses, are divided by 2 in relation with the ones of the loop impedance defined from the input data.

2-2-2- Pick up in case of three phase fault, or in case of safe operation.


The input data are (Vy - Vr) / Iy; ...

The diagram is drawn in the reference impedance plans defined by (Vy - Vr) / (Iy - Ir); ...
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Zr tri = 2 * Zr / ( 3

The modules of the circle centre affixes, and the value of their radiuses, are divided by  ( 3 in relation with the ones of the loop impedance defined from the input data.

The affixes of the circle centres turn of  + 30 ° in relation with this loop impedance plan

2-2-3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

The input data are:
Vr / Ir; ...

The diagram ids drawn in the impedance reference plan, determined by:


Vr / (Ir + ko_relay * Ig) = Vr / (1 + ko_ relay) * Ir; ...
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  circle 1


    Zf mono = 2 * Zf / (1 + ko_ relay)








            c1





      c2


    
      H'







B

 Rf / (1 + ko_ relay)





circle 2


         circle 3


      



      A

      H






        L






 Zr mono = 2 * zr / (1 + ko_ relay)

B is the remote end of the line, with an impedance module of 25  in the chosen example

The modules of the circle centre affixes, and the value of their radiuses, are divided by 1 + ko_relay in relation with the ones of the loop impedance defined from the input data.

- The maximal detectable resistance on the substation is given by the point H: I set

___     ___     ___                          j* 


AH = AC3 + C3H = (C3 + R3*e        ) / (1+ko)



By making vary  I  make point  H run along the circle C3. I stop when the imaginarty member of AH  is nul.. From the formulae of the beginning of  § 2-2, on a:

            ___________       j*


__     

C3 =  ( 2* (Zf² + Zr²) * e 
                    and         R3 = (Zf + Zr)* ( 2                                                         
The corresponding angle    is given by
        ________                                      __

2 * ( Zf² + Zr²) * sin  + (Zf + Zr ) * ( 2 * sin  = 0

so we can reckon AH



___________                                      __

AH = (1+ko) * (( 2 * (Zf² + Zr²) )*cos  + (Zf + Zr)* ( 2  * cos 
Rd = (1+k) * AH   
- The maximal detectable resistance on the remote end is give by the point H'
-  
The trajectory of H' is given by
___      ___     ___


      j*j*
AH' = AC1 + C1H'  = (1/(1+ko)) * ((4*Zf/3) * e      + R1  * e      )    by making vary 
The point H' is obtained when   takes such a value that the imaginary part of AH'

be equal to the reactance of the line, i.e.  Z * sin 
(1/(1+ko)) * ((4*Zf / 3)* sin   + (2* Zf/3) * sin  ) = Zl * sin (
 (1+ko)* Zl * sin ((4*Zf / 3)* sin (Zf/3) * sin    
  sin  = (1+ko)* (3*zL/(2*zf))*sin ( -  2 *sin (
The real part of AH' is then equal to
(1/(1+ko)) * ((4*Zf/3) * cos   + (2*Zf/3)   * cos )

The maximal detectable resistance on the remote end is equal to:

R'd = (1+ ko) * AH' = (2*Zf/3) *(2* cos   +  cos )       


2-3- Out of step

 The input data are Vr / Ir

- Diagram of the anti-out of step characteristic in case of balanced operation. It can be drawn in any reference plan: Vr / Ir;   Vr / (Ir + ko * Ig ),  or  (Vy-Vr) / (Iy-Ir).
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- In case of phase to earth fault, without burden, the diagram contract. It undergoes an homothety with a ratio  1 / (1 + ko_relay )

- In case of phase to phase fault, without burden, the drawing of the characteristic depends on the backward source impedance. Indeed: 
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Let us call Zap the impedance measured by the anti-out of step module:
Zap =











 Ir











Vr - Vb

 Let us call Z the impedance measured by the distance module:

Z    =









  

 Ir - Ib

We try to establish a relation between Zap and  Z  in the network below.

          

Vr =        E - Zds * I

Vb = a  * E + Zds * I




Vr - Vb

as:

Z    =











                 2 * I





Vr - Vb




    Vr - Vb

we obtain:
Vr =  E - Zds *



Vb = a * E + Zds *





  2 * Z




        2 * Z









  2 * Z + Zds * (1 + a)

Thus, by eliminating Vb:




Vr = E * 









   2 * Zds + 2 * Zd

and, in the loop formed by the phasors r and b, we have: 
E (1 - a  ) = 2 * (Zds + Z) * I








Vr
2 * Z - a² * Zds

So we have:
 


   

         =







   
  I
        1 - a

thus:






Z = (1 / 2)  * [Zap * (1 - a) + a² * Zds]


The anti-out of step characteristic in the reference plan is obtained by making undergo to the characteristic drawn above the transformation defined by:

                                                   - j * 30°                       -j * 120°

          
Z = (Zap * (  3 / 2) *  e            + (Zds / 2) * e                 , i. e.:

      
- an homothety of ratio 

(  3  / 2

      
- a rotation of an angle of 

- 30°





            
       - j * 120 °


- a complex translation of  (Zds / 2) * e

 This transformation depends on the backward source impedance of the network.  










Characteristic on balanced operation








      



Characteristic on phase to phase fault
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2-4- Distance measurement
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Measurement of first, second and third zone, with X1 = R1, …

This scheme remains exact in all fault cases. But R1 is the resistance per phase. The maximal detectable fault resistance is:


Rf =  2 * R1 


for the phase to phase faults,

 
Rf =  (1 + ko_relay ) * R1 

for the phase to earth faults.

3 - Setting parameters

Two calibrations exist: 
In_secondary  = 1 A 
and 
In_secondary  = 5 A

3 - 1 - Overcurrent pick up

It is not used at the EDF. The switch  S4:1 of module RGIC 30 is on the position "open"

3 - 2 - External underimpedance pick up

It is performed thanks to the module RXZK added to the basic option of the relay. This module gives the choice between the circle and the modified lens.

This choice, as well as the choice between  = 60° and  = 75°, are performed by the manufacturer.

The minimal phasor current of the relay is always 0.2 * In (choice EDF). The switch  S3:3 of module RGZB 030 must be placed on ON.

We dispose of the following setting media, on each phase: 


A = 5; 10; 20; 40; 80 

B = 4.5 to 10.5 ,
continuously settable,


D = 0.2 to 1, 

continuously settable,

with which we obtain:


zf = 5 * A / (B * In_secondary)


zr = D * zf

The parameters zf and zr used in this item are those which, in the manufacturer guidebook, correspond to the impedance values in the reference plan of the phase to phase faults.

3 - 3 - Zero sequence current relays switching the pick up loops

We dispose of a coding wheel, on the relay RGIC 030, giving a value Jo = 1 to 8. The current threshold is given by:


Ir_secondary = 0.2 * Jo
(calibration 1 A)


Ir_secondary =          Jo
(calibration 5 A)

The switch S4:2 of module RGIC 030 is put on ON.

3 - 4 - Out of step

We dispose of following parameters : 


m = 1; 2; 4;


d = 1; ( 2


settable by straps


q = q1 + q2
with

q1 = 22; 25; 28


settable by switch






q2 = 0; 1; 2;


settable by switch

with which we obtain
z2 = 8
* m * d * q / 22

(calibration 1 A)

z2 = 1.6
* m * d * q / 22

(calibration 5 A)

3 - 5 - Distance and resistance measurement

For the forward distance measurements we dispose of parameters:


a;  b;  p1;  p2;  p3

settable from 5 to 99

with which we obtain:


the first zone reactance

x1 = (3.2 / In_secondary) * a / p1

the first zone resistance

r1 = (3.2 / In_ secondary) * b / p1

the second zone reactance

x2 = (3.2 / In_secondary) * a / p2

the second zone resistance

r2 = (3.2 / In_secondary) * b / p2

the third zone reactance

x3 = (3.2 / In_secondary) * a / p3

the third zone resistance

r3 = (3.2 / In_secondary) * b / p3

For the backward distance measurement (blocking overreach), we add the module RGZA 30. The distance of this module is defined by the one of the RGA 030, through the switch X7 placed on that last one:


if X7 = 1, the distance set on the module is the one of zone 1;

if X7 = 2, the distance set on the module is the one of zone 2;

if X7 = 3, the distance set on the module is the one of zone 3.

The tripping by pick up on 4th step is obtained by placing the switch  S1:1 of module RGSB 030 on position "closed".

The earth factor is set thanks to a switch with 15 positions Y  (1 to 15), on the module    RGGB 030.



ko_relay = 0.1 * Y

On the same module, the phase selection program is the program n° 5 (pick up by impedance, phase to phase to earth fault seen as a phase to phase fault).

3 - 6 - Choice of signalling scheme

It is obtained by using following switches :







acceleration scheme
blocking overreach


X1:1 
of module RGKC 070


1


2


X1:2 
of module RGKC 070


OFF


ON


S5:1 
of module RGAA 030


ON


OFF


S1:3 
of module RGAA 030


OFF


ON

The first step delay of module RGZA 030, when it is used in blocking overreach, is performed as follows:




40 ms

50 ms

60 ms

80 ms


S2:6

ON

OFF

OFF

OFF


S2:7

OFF

ON

OFF

OFF


S2:8

OFF

OFF

ON

OFF

The tripping delay of module RGZA 30, in the same case, is equal to:


T2
if the switch X1 of this module is on the position 1

T3
if the switch X1 of this module is on the position 2

3 - 7 - Timers

We dispose of 3 switches N2; N3; N4, with  16 positions each (0 to 15). The delay values are:


T2
(second step timer) 
=
N2 * 50 ms


T3
(third step timer ) 
=
N3 * 200 ms


T4
(fourth step timer)  
=
N4 * 400 ms

3 - 8 - Choice of tripping mode

The EDF asked that the tripping on zones 3 and 4 be always three phase. This leads to a little change on the standard scheme of the RAZOA (polarity P2 on the terminal 15, bridge between the terminals 8 and 59). The switches of module RGKD must have the following positions:   


S1:1
OFF

S1:2
OFF

S1:3
ON

S1:4
ON

4 - Pick up width reckoning

In any case of safe operation, including the case of single phase reclosure on a meshed double circuit line, the functioning point must be located neither in the pick up zone, nor in the anti-out of step zone. 

The anti-out of step internal characteristic must surround either the pick up zone, either the distance measurement zones. Nevertheless, even in the second case, no point of the pick up zone may be located outside of the external anti-out of step characteristic. 

We study successively the circular characteristic and the elliptic one.

 4 - 1 - Circular characteristic
4 - 1 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
 We reckon the three phase load report factor from formula (4) of § 114, appendix  2. In the chosen example we find C = 1.76.
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scale 1 cm = 20 








          N5
 = 60°

                         Circle C4

The circle 1 is the limit of the overload zone, seen from the close end A of the line. 

Its radius  ZT / C = 115 / 1.76 = 66 

The circle 2 is the limit of the overload zone, seen from the remote end B of the line.. It has the same radius.

The radius of circles C3 and C4 is 64 

Their centre affixes are respectively 78  (  75° and - 53  (  75° 

We determine  Z2 to ensure the compatibility between the anti-out of step characteristic and the envelope of the 4 circles. then, two situations may appear:

- the third zone characteristic (see § 24), remains inside the internal anti-out of step characteristic. The pick up, circular (see § 212), or lenticular (see § 222), must then remain inside the external anti-out of step characteristic. It is the case on the diagram above..

- the third zone characteristic overflows the internal anti-out of step characteristic. The pick up must remain inside this internal characteristic..

Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 1 - 2 - Compatibility between out of step and transit


- preliminaries : compatibility between a neuralgic point and a slanting band.
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      
   H

Let us reckon the length of the segment AH in relation with the one of the segment AM. They are linked by:


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  

that we can write 
AH = AM * sin (  - ) / sin 
To respect the security margins recommended by the setting guidebook, you must have :








sin ( )


1.1 * AM < 0.9 * AN, 
thus 
1.1 * AH < 0.9 *

      * AN       with, here,  = 80°
 (1)








    sin 
- Compatibility inequation

To be more imple, we replace the anti-out of step characteristic by two rectangles defined as follow:
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             2*z2






    D'1










           1.25 * z2



     D1












       80°









  z2
           z2







2.5 * z2








D'2

We test in a first time the compatibility of each point Ni (i varies from 1 to 6), with the straight lines D1 and D'1, then with the straight lines D2 and D'2. 

The parameter z2 used to define the anti-out of step is linked with AH by:


1.25 * z2 = AH sin 80 °

Let us call zi the parameter corresponding to the point Ni. It must satisfy to:



0.9
sin ( )

z2i    <  
        * 


* ANi

(lines D1 and D'1)




1.1
      1.25

Or to



0.9
cos ( )

z2i    <  
        * 


* ANi

(lines D2 and D'2)



1.1
      2.5

zi is then the higher of both found values.

We retain then for z2 the lowest of the 6 found values. 

4 - 1 - 1 - 3 - Compatibility between anti-out of step and pick up
We keep a security interval between the anti-out of step linesD1 and D'1 on one hand, the pick up on the other hand, so as: 


1.1 * pick up width < internal anti-out of step characteristic. 
We find:



    1.15


Ad' = z2 > 
* [(zf + zr) + (zf - zr ) *cos 80°]



     ( 3



( 3

     z2

or:
zf <
          *




1.15
   (1 + D) + (1 - D) * cos 80°





       D'1




      d




    d'






            c






     c'     A



          80°

4 - 1 - 1 - 4 - Compatibility between the anti-out of step and the greatest distance measurement zone








           r3






           x3










80°







z2


z2 > 1.15 * r3 * sin 80° 

4 - 1 - 1 - 5 - Compatibility between the pick up and the transit zone

It is researched when the anti-out of step is not installed.


- preliminaries : compatibility between a neuralgic point and the pick up circle
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     c
   + 30°
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           A



Ac  = ( Zf  - Zr(3





 = 75°


cM = ( Zf  + Zr(3

We solve the triangle cAM:


Ac² + AM² - 2 * AC * AM * cos (30° +  - ) = cM²

thus


             1


AM = 
     * [( Zf  - Zrcos (30° +  - ) + ( (Zf  - Zr²cos² (30°+  - ) + 4 *Zf  * Zr

            ( 3

and
1.1 * AM < 0.9 * ANi



thus, by replacing  Zr  by  D * Zf 







(3  *  Ni

Zf 




 1.1
(1 - D) * cos (30° +  - ) + ( (1 - D)² * cos² (30° +  - ) + 4 * D

To obtain  Zf, you must proceed by successive approximations: you give to D a value Dmini = 0.2, then you look for the point Ni which gives to Zf the lowest value. You give then to Dmini the value 0.21, and you reckon again. If the value found for Zf is weaker than the preceding one, you stop the reckon and you keep D = 0.2 and the corresponding value of Zf. Otherwise you reckon again until Zf diminish and you keep the next to last couple of values D and Zf. 

4 - 1 - 1 - 6 - Result found by UMBRELLA with the numerical example
The program  Umbrella gives, considering the implementation constraints on the relay, the following results:


Z2 = 40  «primary », i. e. 36  «secondary »,
Zf = 46   «primary », i. e. 42  «secondary »,

Zr = 9 «primary », i. e. 8  «secondary ».

r3 = 16.5 «primary », i. e. 15  «secondary ».

4 - 1 - 1 - 7 - Supply of a customer.

If the anti-out of step is enabled, we compare the position of the anti-out of step characteristic (see§ 23 
) in relation with the circle defining the transit area.
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      N1

The compatibility inequation is: 

z2 * kz  ( 
*

(1)







     1.1
      2.5

The pick up characteristic is supposed centred on the origin (D = 1). 

The resistance R3 is equal to the reactance X3

If the distance measurement characteristic does not cut the anti-out of step internal one, i. e. if the inequation  1.15 * X3 ( z2 / cos 10° is true, then:


   





   0.9







zf * kz  (          * N1
 (2)


    





    1.1

Else, the pick up circle must stay inside the internal anti-out of step characteristic, i. e., from § 4113:

         (  3
z2







zf   (            * 

(3)







          1.15
 2

If the anti-out of step is disabled, we use the equation 
 

(2)

4 - 1 - 1 - 8 - Link between a power plant and a substation

The RAZOA is not used for these links
4 - 1 - 2 - Study of single phase (phase r) load report on a meshed double circuit line

4 - 1 - 2 - 1 - Drawing of  the transit and the pick up characteristics
The compatibility between transit characteristic in case of single phase load report and anti-out of step characteristic is generally not asked, as it is little probable  that the phase to earth fault on the other circuit, which made the single phase reclosing happen,  may initiate a loss of synchronism. We research only the compatibility between the transit and the pick up.

This report may be constraining, as the zero sequence current module has a fixed threshold. The phase to earth loops are then activated by this module during the reclosure. 

      - Functioning zone.

The phase selector activates the r - earth loop of the safe line.

From the formula (12) of § 12 appendix 2, the maximal current of the phase r is: 

Ir = C*It








           2

and the maximal residual current is:
Ig = (C - 1) * (3 - 
            
)

 (1)



 
  

    
   
    koL - koM + 1

The reference plan of the loop r - earth is defined by Vr / (Ir + ko_relay * Ig)

ko_relay is the earth factor implemented on the relay, considering the constraints of  § 35 .

so we draw:


Ir + ko_relay * Ig =  C' * It


(2)





  

             

   2


with :


            C' = C + ko_relay * (C - 1) * (3 -                          )
 (3)







      
          koL - koM + 1
The circles C'1 and C'2 giving the transit limits have the following radius:

r = Vmin / (Ia + ko_relay * Ir) = Vmin / (C' * It)
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- characteristic of the relay

The characteristic is defined by:

     
    Vr

      Ir + ko_relay * Ig         


         

*
            
            - (zf - zr)    <    zf + zr
or :

       Ir + ko_relay * Ig                          Ir




  C' 



        
 Z * 
            - (zf - zr)     <    zf + zr


  C









     C

The pick up circle has then a radius:

 
zf + zr *   
,









     C'

and a centre affix:



      C

        C


(zf - zr) * 
= zf - zr
(


      C'

        C'

- Recall of the neuralgic point co-ordinates

You replace C by C' in the formulae of the preceding § to obtain the points N'i.  

4 - 1 - 2 - 2 - Reckoning of the parameters defining the pick up circle
- preliminaries : compatibility between a neuralgic point and the pick up circle
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           A


Ac  = ( Zf  - ZrC C'





 = 60°


cM = ( Zf  + Zr C C'

We solve the triangle cAM:


Ac² + AM² - 2 * AC * AM * cos (  - ) = cM²

thus



C


AM = 
     * [( Zf  - Zrcos ( - ) + ( ( Zf  - Zr²cos² (  - ) + 4 *Zf  * Zr

              C'

and
1.1 * AM < 0.9 * AN'i



By replacing Zr by D * Zf  we find



C'


 N'i

Zf 





 1.1
C          (1 - D) * cos (  - ) + ( (1 - D)² * cos² (  - ) + 4 * D

The continuation of the reckoning is done as seen on §  4 -1-1-1-5

4 - 1 - 2 - 3 - Result found by UMBRELLA with the numerical example
The program  Umbrella gives the following results:


X4 = 33.5  
«primary », 

i. e.
30.5  «secondary »,

k5 = 1 / 2

We choose the lower of the two secondary values obtained on § 4116 and § 4123, i. e. 33.5 Ohm. The value implementable on the relay and immediately inferior to this value is, according to the possibilities exposed on     § 31  : 29.4 Ohm, obtained for N4 = 16 .

The residual current module threshold Ig is generally set to 1.2 * In. Indeed, the weak sensitivity of the relay to the resistive fault makes it not useful, in the most of cases, a larger sensitivity of this module. 

4 - 2 - Modified lens (ice cream cone) pick up

4 - 2 - 1 - Study of three phase load report on a meshed double circuit line

4 - 2 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
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The pick up characteristic is the one seen at § 222
The anti-out of step internal characteristic width is ( Z2. Its slope is 80°. It must remain external to the pick up.

The anti-out of step external characteristic width is ( 1.25 * Z2. It must not overflow the transit area.

The transit area is defined on § 4111 .

4 - 2 - 1 - 2 - Compatibility between out of step and transit

We use the inequations used for the circular pick up (§ 4112)
4 - 2 - 1 - 3 - Compatibility between out of step and pick up
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          80°


                       D'1



 = 60°





  Z2 
It s given by : 

Ad' < 


Thus





   1.15

Ad' = Ac' + c'd'



         cos (80°  -  + 60° )

Ac' = AC * cos ( 80° -  + 60° ) = = 4 *   Zf  * 






   3 * ( 3



      2 * Zf 
c'd' = radius of C1 = 



       3 * ( 3








       3 * ( 3

Thus:

4 * Zf  * cos (80°  -  + 60° ) + 2 *   Zf    
      *   Z2 







          1.15



3 * ( 3

  Z2 
or :
Zf 




2 * 1.15
       1 + cos (80°  -  + 60° ) 

4 - 2 - 1 - 4 - Compatibility between the pick up and the transit zone

 (when the anti-out of step is not installed)

As the neuralgic point arguments are always located between  +30° and - 30°, or between +150° and -150°, the compatibility must be researched between  N4  and the circle  C2  if   = 60°, between N3 and the circle C3 if      = 75°.

We use the approximate formulae:



 0.9


Zf 
(3 * N4 cos 4) 


for  = 60°





 
0.9


Zf 
(3 * N3 cos (3 - °) * cos 15°
for  = 75°




4 - 2 - 2 - Study of single phase load report on a meshed double circuit line

4 - 2 - 2 - 1 - Drawing of  the transit and the pick up characteristics
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The pick up circle centre affixes and the value of their radius are deducted from those defined at  §  22 by multiplying them by C / C'.

The transit area is defined as seen at § 4121
4 - 2 - 2 - 2 - Compatibility between the pick up and the transit zone

As the neuralgic point arguments are always located between +30° and - 30°, or between +150° and -150°, the compatibility must be researched between N3 and the circle C3. We use the approximate formula:


 
0.9       C'


Zf 

 N3 sin (3 )  * sin 



C

5 - Zone reckoning


- Preliminaries: influence of the ratio R / X

ABB recommend a setting of the ratio R / X between 1 and 3. Indeed, for a high ratio, we observe an important slope on the reactance straight line. On the other hand, for a weak R / X ratio, we observe an important slanting of the resistance straight line.

The observed errors are:

	
	R / X = 1
	R / X = 2
	R / X = 3

	Error on X

Error on R
	10 %

10 %
	15 %

7 %
	20 %

6 %


For long lines we try to minimise the error to avoid any unwanted tripping. We choose

R / X = 1

For short lines a setting to R / X = 1 does not allow to detect an unimportant fault resistance. Otherwise there is no risk of unwanted tripping, as we use the blocking overreach scheme. We choose:


R / X = 2

For the teed lines using a blocking overreach system, we adopt the same choice.



5 - 1 - Protection of a single circuit line

5 - 1 - 1 - First  zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

We choose, for X1 "secondary", the value immediately lower, considering  § 33.


- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or

X1 (4.3 Ohm > 1.25 * XL

We choose, for X1 "secondary", the value immediately lower, considering  § 33.
5 - 1 - 2 - Second zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 ( 4.3 Ohm HT > 1.25 * XL
We choose, for X2 "secondary", the value immediately higher, considering  § 33. 

5 - 1 - 3 - Third  zone X3

It is generally set to 1.3 * X2

5 - 1 - 4 - Backward  zone  X4 (see  § 35)

It is generally set to X1

5 - 2 - Protection of a double circuit line 

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

X3 ( 1.3 * X2

X4 =           X1 

6 - Timers
see § 36
7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance

7 - 1 - 1 - Circular pick up


- near the close substation (point H of § 213)

We solve the triangle AcH, and we find:


Rf = (Zf - Zr) * cos  + (   ((Zf - Zr)² * cos² Zf * Zr



- near the remote substation (point H' of § 213)

We reckon the affix of the point H' when it describes the pick up circle, and we observe that its imaginary part is: 

ZLsin     
(see PXLP, § 81).  


We find: 

 Rf =(Zf-Zr)*cos +((Zf+Zr)² -[Zl*sin  (1+ko_relay)-Zf-Zr sin²-Zl*cos*(1+ko_relay)











(2)

7 - 1 - 2 - Modified lens (ice cream cone) pick up

- near the close substation (point H of § 223)
The path of point H on the circle 3 is described by:




             j * 
___    ___     ___        A3 + R3 * e 
        


AH = Ac3 + c3H =


see the definition of A3 and R3 at § 22


      1 + ko_relay

by making vary 





                   __

The researched point H is such as the imaginary part of AH is null. 


          1 - d


   (1 - d) * sin  + (1 + d) * cos 

Zr
Let us call a = 


 = arctg -



with d =


          1 + d


    (1 + d) * sin  - (1 - d) * cos 

Zf


a * tg  + 1

     a * tg  + 1



         tg  - a

Thus: tg  = -


sin =



           cos  = -



   tg  - a

( (a * tg² + (tg  - a)²
             ( (a*tg² + (tg - a)²


             __





__

Now Rf = Real [AH * (1 + ko_ relay)] 
when  
          Imaginary [AH * (1 + ko_ relay)] = 0

 __

AH * (1 + ko_ relay)] = Zf * [ (2 * (1 + d²) * (cos   + j * sin ) + (1 + d) * ( 2 * ( cos   + j * sin )]

thus:    ( 1 + d²  * sin  = - (1 + d) sin 



( 1 + d²
     
 (1 - d) * tg  + 1 + d

sin  = - 
               * 


   1 + d
       ( [(1 - d) * tgd² + [(1 + d) * tg  - 1 + d]²




              (1 + d) *tg  - 1 + d

Rf = Zf * [ - (2 * (1 + d²) *


  


+ (1 + d) * ( 2 * cos  ]




  ( [(1 - d) * tgd² + [(1 + d) * tg  - 1 + d]²




(1)

- near the remote substation (point H' du § 223)
The path of the point H' is given by:





    j * 
  
j * 

___    ___     ___
       A1* e           + R1 * e  






AH' = Ac1 + c1H' = 




when  varies.




             1 + ko_relay

The point H' researched has an imaginary part equal to Zl * sin  :

1

  
    * ( 4 * Zfsin  + 2 * Zfsin Zlsinko_relay)
3


  3 * Zlsinko_ relay)
thus :
 sin




  -  2 sin 



         2 * Zf 





4 * Zfcos  + 2 * Zfcos
The real part of AH' is :

 
3 * (1 + ko_relay) 

The maximal detectable resistance is given by:


Rf = (1 + ko_ relay) * ( Real (AH')  - Zlcos
or


          1

 Rf =       * (4 * Zfcos  + 2 * Zfcos- (1 + ko_ relay) * Zlcos

(2)


          3

7 - 2 - Maximal reach in case of solid fault

7 - 2 - 1 - Circular pick up

- phase to phase fault (see § 211)

Forward reach :  by solving the triangle AcK we find:


1

AK = 
     * [(Zf-Zr)*cos ((Zf-Zr)² *cos² ( 4 (ZfZr) ]


(3)


2

Backward reach : by solving the triangle AcL we find:


1

AL = 
     * [(Zr-Zf)*cos ((Zr-Zf)² *cos² ( 4 (ZrZf) ]


(4)


2


- three phase fault (see § 212)

Forward reach: by solving the triangle AcK we find:


1

AK = 
     *[ (Zf-Zr)*cos ((Zf-Zr)² *cos² ( 4 (ZfZr) ]

(5)

            ( 3

Backward reach: by solving the triangle AcL we find:


1

AL = 
     * (Zr-Zf)*cos ((Zr-Zf)² *cos² ( 4 (ZrZf)

(6)

            ( 3


- phase to earth fault (see § 213)

Forward reach: by solving the triangle AcK we find:


       1

AK = 
     

* [(Zf-Zr)*cos ((Zf-Zr)² *cos² ( 4 (ZfZr) ]
(7)

          1 + ko_relay

Backward reach:
by solving the triangle AcL we find:


         1

AL = 
     
            * [(Zr-Zf)*cos ((Zr-Zf)² *cos² ( 4 (ZrZf) ]
(8)

          1 + ko_relay

7 - 2 - 2 - Modified lens (ice cream cone) pick up

- phase to phase fault (voir § 221)

Forward reach :  by solving the triangle Ac1K we find :


1

AK = 
     * Zf [ 2 * cos ( 4 * cos² 3 ]



(3)


3

Backward reach :  

The equation of the triangle c3AL is:

c3L² = c3A² +AL² - 2 * c3A * AL * cos () (see definition of  at § 712)

with c3A =  A3 et c3L = R3 / 2

which gives:

Zf² * (1+d)² / 2 = Zf² * (1 + d²) / 2 + AL² - 2 * Zf * ( (1+d²) / 2 * AL * cos ()

or also:

AL² - 2 * Zf * ( (1+d²) / 2 * AL * cos () - Zf² * d = 0

the resolution of that equation gives:


Zf


          
 

AL =             * [ ( 1+d²  * cos () - (  (1 + d²) * cos² () + 2 * d ]



(4)


( 2

 


- three phase fault (see § 222)

Forward reach :  by solving the triangle Ac1K we find :


    2

AK = 
    
 * Zf [ 2 * cos + 30 °( cos² + 30 °3 ]




3 * ( 3

Backward reach:  

The equation of the triangle c2AL is:

c2L² = c2A² +AL² - 2 * c2A * AL * cos (30°)


with c2A =  A2( et c2L = R2 / ( 3

which gives:

Zf² * (1+d)² * (2 / 3) = Zf² * (1 + d²) * (2 / 3) + AL² - 2 * Zf * ( (1+d²) * (2 / 3) * AL * cos (30°)

or also:

AL² - 2 * Zf * ( (1+d²) * (2 / 3) * AL * cos (30°) - (4 / 3) * Zf² * d = 0

The resolution of this equation gives us:

AL = Zf * ( (2 / 3) * [( (1+d²) * cos (30°) - ( (1+d²)  * cos² (30°) + 2 * d ]   

(6)

            - phase to earth fault (see § 223)

Forward reach :  by solving the triangle Ac1K we find :


          2 * Zf
AK = 
     


* [ 2 * cos ( 4 * cos² 3 ]




3 * (1 + ko_protection)

Backward reach :  

The equation of the triangle c3AL is:

c3L² = c3A² +AL² - 2 * c3A * AL * cos ()


      
A3



R3

with  c3A =


 and 
c3L =


      1 + ko_relay

           

1 + ko_ relay

which gives:

Zf² *2*(1+d)² = Zf² *2*(1+d²) + (1+ko_relay)² *AL² - 2*Zf * (2 *(1+d²) * (1+ko_relay)*AL*cos ()

or:

(1+ko_relay)² *AL² - 2*Zf * (2 *(1+d²) * (1+ko_relay)*AL*cos () - 4 * d * Zf²  = 0 

The resolution of this equation gives us:


    Zf * ( 2

AL = 

           * [(1+d² * cos () - (  (1+d²) * cos² () + 2 * d ]


(8)

1+ko_relay

8 - Satisfaction of the conditions expressed in the setting guidebook
8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

The most constraining fault is the phase to phase fault. We use then the formula (3) of  § 721  , to determine  AK, and we check the inequality:


AK > 1.3 * Z2

or, on the reactance axis, 
AK * sin > 1.3 * X2

If this condition is not satisfied, you must use a RAZOA with a modified lens characteristic (check by the formula (3) of  § 722 ), or another protective relay.

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

- phase to earth fault beyond the transformer. Compatibility with the pick up.

We use the formula (7) of § 721 , or of  § 722, to determine AK. We check then the inequality:


1.15 * AK * sin j < 0.9 * Zl + 0.8 * Xdmini_transfo_forward

If this inequality is not true, we give to AK the maximal value allowed by this inequality, and we reckon Zf by inverting the formula (7)





     AK * (1 + ko_relay) + 2 * Zr* cos (
Zf AK * (1 + ko_relay) *




 AK * (1 + ko_relay) * cos (+ 4 * Zr

- three phase fault beyond the transformer. Compatibility with the external anti-out of step characteristic.

Its reach AK' is 2.5 * Z2 in the reference plan. It is the most unfavourable case. We check then the inequality above, by replacing AK by AK'. 

If this inequality is not true, we look for another setting. 

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

The pick up is set at the highest possible value, considering the preceding constraints. 


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

On the RAZOA, the anti-out of step blocks the functioning of the distance measuring loops. It is then necessary that, by functioning on a safe network, the third zone reach does not overcome the internal anti-out of step characteristic. The condition is:


1.1 * X3 < 0.9 * 2 * Z2

(three phase load report)





  C

 1.1 * X3 < 0.9 * 2 * Z2 * 

(single phase load report)





  C'

If a fault appears, the anti-out of step characteristic may be modified, especially for a phase to phase fault          (see § 23) and it may cut the distance measurement zone. This has no importance if the point keeps still. On the other hand, in case of sequential tripping making this point move, an unwanted blocking may appear. 

8 - 2 - Resistive reach

- condition a : « If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

We saw that in the RAZOA we may admit that this condition is not checked (see § 4111)

- condition b : « On the two ended substations the resistive reach of the relay ensuring the remote back up must be shorter than the one of the relay operation normally».

For this we use the inequations  (1) and (2) of § 711.




        A   


       B


        C




For a fault on B, the resistive reach of the relay located at A (inequation n° 1) must be lower than the resistive reach of the relay located at B (inequation n° 2).

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

For the RAZOA, this condition concerns the backward measurement module, with a setting identical to one or the other of the forward zones. It is checked de facto as soon as the condition d relative to the pick up is checked.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation».

- Phase to earth fault. Compatibility with the pick up. 

We use the formula (8) of § 721 , or of  § 722, to determine AL. We check then the inequality:

1.15 * AL * sin  < 0.8 * Xdmini_transfo_forward

If this inequality is not true, we give to AL the maximal value allowed by this inequality, and we reckon Zr by inverting the formula (8)




         AL * (1 + ko_ relay) + 2 * Zf* cos (
Zr AL * (1 + ko_relay) *



 AL * (1 + ko_ relay) * cos (+ 4 * Zf

- Three phase fault beyond the transformer. Compatibility with the external anti-out of step characteristic.

Its reach AL' is, for a three phase fault, 2.5 * Z2 in the reference plan. It is the most unfavourable case. We check then the inequality above, by replacing AL by AL'.

If this inequality is not checked, we look for another setting. 


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition is irrelevant for the RAZOA.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.».

 Considering the measurement inaccuracies, we retain :


X backward ( P1) > 1.3 * X1 (P2) - 1.06 * Xl
We must check two constraints:


- the backward reach of the pick up must satisfy this condition. We check it thanks to formulae 4, 6, 8 of § 721 , or of  § 722. If this condition is not checked, we impose to Zr the value which checks it, and we set again the relay, by looking for the maximal value for Zf;  


- the distance measurement of module RGZA is not enough. We change the value of  parameter X7   (see § 35)

PD3A

The distance protective relay used on the EDF network always contains the module "voltage memory" and the module "anti-out of step". It is not used on the 400 kV network. 4 versions exist, corresponding to the secondary rated currents of 1 A and 5 A on one hand, to a different type of setting of the second zone on the other hand. 
1 - Input data


- Pick up

It is a parallelogram formed by two bands. The horizontal bands use the same data as the distance measuring loop, i. e.: 



         phase to phase loops


       
       phase to earth loops

          

(Vr - Vy) 
and 
(Ir - Iy)                       
Vr 
and 
(Ir + ko * Ig)

          

(Vy - Vb) 
and
(Iy - Ib)                       
Vy 
and 
(Iy + ko * Ig)

          

(Vb - Vr) 
and
(Ib - Ir)                            
Vb 
and 
(Ib + ko * Ig)

The slanting bands use the phasor currents:



(Vr - Vy) 
and
Ir


Vr 
and 
Ir



(Vy - Vb) 
and 
Iy


Vy 
and 
Iy



(Vb - Vr) 
and 
Ib


Vb
and
Ib


- Anti-out of step

The zone formed of the pick up and the forward second zone limit of the loop ry is surrounded by the anti-out of step zone, which uses the forward third zone limitation and its own limitations as external limit. It uses the same input data.


- Phase selection

It is achieved by the pick up loops. 


- Distance measurements

These loops use the same data as the pick up horizontal lines. 

Numerical application:

        
- line 225 kV, positive sequence impedance  ZL = 25, argument  = 76 °, maximal current before load report 1000 A, earth factor ko = 2 / 3, and zero sequence mutual induction factor 0.4,

        
- forward reach, in reactance :    


X3 = 37.5 , 

        
- back ward reach, in reactance :      

X4 = 12.5 ,

        
- image resistance of the fault, fixed a priori :

Ri  = 20 .

        
- image argument: 



 = 70° (maximal error)

         
- ratio primary impedance / secondary impedance  :
kz = 1.1  




which corresponds to a current transformer ratio of 2000 / 1

- earth factor ko = 2 / 3 

2 - Drawing of the characteristics in case of fault.

2-1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden







         X3  = 37.5 






K






     B
    E
    Ri / 2 = 10 








Rf / 2 







     =70°





           =75°





   L




   X4 = 12.5 



scale 1 cm = 10 
The forward and backward reaches are equal to the setting values of the third and fourth zones.

The half bandwidth is equal to the half of the setting value Ri, itself equal to the maximal detectable fault resistance Rf, apart from the angle errors.

2-2- Pick up in case of three phase fault, or in case of safe operation.









         X3  = 37.5 






     B
    E
    









         30°









 Ri * (1 - a) / 3 = 11.5  ( 30°





   X4 = 12.5 



scale 1 cm = 10 













      The horizontal bands are drawn in the reference plan. X3 and X4 are the setting values of the third and fourth zones.

The compensated voltages of the slanting bands are :







           Ir




1 - a

(Vr-Vy)  ±  Ri * Ir = (Vr - Vy)  ±  Ri *( Ir - Iy) *
       = (Vr - Vy)  ±  Ri * (Ir - Iy) *






         Ir - Iy 



   3

Ri    is the resistance setting value. It is also, apart the angle errors, the resistance per phase of a balanced three phase fault. 












Rf



The complex value                Ri  * (1-a) / 3         has a  module of  Ri  / ( 3, and an argument - 30°. The half bandwidth, measured on the R axis, is:

          AH = (Ri / 2) * ( 1 + cotg  / ( 3  )

i. e. Ri / 2 for  = 75 °

(1)

2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden








         X3  = 37.5 





     B
    E
    Ri / (1 + ko) = 12 








Rf / (1 + ko) 







   X4 = 12.5 



scale 1 cm = 10 
2 - 4 - Anti-out of step

This function is elaborated when the operation point in the impedance plan of the loop ry enters the pick up characteristic after a time lag of 10 ms after entering the anti-out of step zone. That last one, elaborated with the same input data a the pick up of the loop ry, is made of:

        -  two zones located between the slanting lines of the pick up and two lines which are parallel to them. The width of the gaps between these lines, horizontally measured, is a fixed value  2 *   in ohm "secondary"


 = 1.5 * In_secondary   

(In_secondary = 1 A or 5 A)

This value, in ohm "primary" depends on the ratio kz. In the numerical example, the value of the width           2* "primary" is 2 * 7.5 * 1.1 = 2 * 8.25 ;

        - a zone located between the horizontal line of fourth zone and an horizontal line located backward. The width of the gap, elaborated with the data Vr - Vy and Ir - Iy, is in ohm "secondary" ' = 2.2 *In_secondary. In the chosen example, it is 12.1    "primary"; 

        - the zone located between the second zone horizontal line and the third zone one. This gap equal or larger to the preceding one. 

The anti-out of step block only the phase to phase loops. 

2 - 5 - Phase selection

It uses the pick up loops. The residual current module has a fixed threshold.   It needs no setting.

2 - 6 - Direction.

It uses

 
- for the multi-phase faults, the positive sequence memorised voltages and the currents of the phase to phase loops,

- the zero sequence voltage and current for the phase to earth faults.

It needs no setting. 

2 - 7 - Distance measurement

The relay owns 3 forward zones and a backward zone. The third (forward) and fourth (backward) zone are limited by the pick up horizontal lines. 

3 - Setting parameters

note: only the straps, the position of which may be changed from one EDF scheme to another are noted. 

3 - 1 - Fault maximal detectable resistance.

The implementable value, in secondary ohm, is :


- for the relays with a secondary rated current of  5 A, an integer number between 1 and 11 ,

- for the relays with a secondary rated current of 1 A, it is a multiple of 5 between 5 and 55 .

3 - 2 - Factors.


- angle 
It is chosen in the board beneath :

	


	Position
	      1
	    2
	     3
	     4
	     5
	     6
	     7
	     8
	     9

	
	value
	    45°
	     50°
	     55°
	     60°
	     65°
	     70°
	     75°
	     80°
	     85°



- Earth factor ko

It is given by the formula

ko = 0.1 * (Ko1 + Ko2 - 10)

Ko1 is an integer number from 1 to  9






Ko2 may have the values 10 ; 20 ; 30


- Residual current threshold

Ig = 0.24 * In



The switch I1 is on the position HS on the card QMV


- Compensation impedance  zc of the directional module for the phase to earth faults

It is chosen between the following values :


0

1 / In

3.5 / In

The choice is achieved by a strap located in the analogic drawer 2 050 067

3 - 3 - Zone 1

The possible values are given, for each type of relay, by the boards 1, 2, 3, 4 beneath. The retained value is implemented thanks to the parameters M1 and K1.   

BOARD 1
PD3A 6062, calibration 1 A - setting of the first zone X1

	         K1

M1
	1
	2
	3
	4


	5
	6
	7
	8
	9
	10
	11
	12

	1
	0.5
	0.745
	1.09
	1.6
	2.37
	3.45
	5.1
	7.5
	11.05
	16.25
	23.9
	35.1

	2
	0.515
	0.765
	1.125
	1.65
	2.415
	3.555
	5.25
	7.7
	11.4
	16.75
	24.6
	36.15

	3
	0.53
	0.79
	1.155
	1.695
	2.485
	3.655
	5.4
	7.95
	11.87
	17.2
	25.35
	37.2

	4
	0.55
	0.82
	1.2
	1.76
	2.58
	3.795
	5.6
	8.25
	12.15
	17.85
	26.3
	38.6

	5
	0.565
	0.84
	1.23
	1.81
	2.65
	3.9
	5.75
	8.45
	12.5
	18.35
	27
	39.65

	6
	0.585
	0.87
	1.275
	1.87
	2.745
	4.035
	5.95
	8.75
	12.95
	19
	27.95
	41.05

	7
	0.605
	0.9
	1.32
	1.935
	2.835
	4.175
	6.15
	9.05
	13.35
	19.65
	28.9
	42.45

	8
	0.625
	0.93
	1.365
	2
	2.93
	4.31
	6.35
	9.35
	13.8
	20.3
	29.85
	43.85

	9
	0.645
	0.96
	1.405
	2.065
	3.025
	4.45
	6.6
	9.65
	14.25
	20.95
	30.85
	45.3

	10
	0.665
	0.99
	1.45
	2.13
	3.12
	4.59
	6.8
	9.95
	14.7
	21.6
	31.8
	46.7

	11
	0.69
	1.03
	1.505
	2.21
	3.235
	4.76
	7.05
	10.35
	15.25
	22.4
	33
	48.45

	12
	0.71
	1.06
	1.55
	2.345
	3.33
	4.9
	7.25
	10.65
	15.7
	23.05
	33.95
	49.85


BOARD 2
PD3A 6062, calibration 5 A - setting of the first zone X1

We use the board  n° 1 by dividing the figures by 5

BOARD 3

PD3A 6562, calibration 1 A - setting of the first zone X1

	      K1

M1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	0.5
	0.76
	1.1
	1.625
	2.36
	3.49
	5.15
	7.6
	11.2
	16.45
	24
	35.55

	2
	0.515
	0.785
	1.14
	1.68
	2.44
	3.605
	5.35
	7.85
	11.55
	17
	24.8
	36.7

	3
	0.53
	0.805
	1.165
	1.725
	2.5
	3.7
	5.45
	8.05
	11.85
	17.45
	25.45
	37.65

	4
	0.55
	0.835
	1.215
	1.795
	2.6
	3.75
	5.7
	8.4
	12.35
	18.15
	26.45
	39.15

	5
	0.57
	0.865
	1.255
	1.855
	2.695
	3.98
	5.9
	8.7
	12.75
	18.75
	27.4
	40.55

	6
	0.585
	0.89
	1.295
	1.91
	2.77
	4.095
	6.05
	8.95
	13.15
	19.3
	28.2
	41.7

	7
	0.605
	0.92
	1.34
	1.975
	2.87
	4.24
	6.25
	9.25
	13.6
	20
	29.15
	43.15

	8
	0.63
	0.955
	1.385
	2.045
	2.965
	4.385
	6.5
	9.55
	14.05
	20.65
	30.15
	44.6

	9
	0.65
	0.985
	1.43
	2.11
	3.06
	4.525
	6.7
	9.85
	14.5
	21.3
	31.1
	46.05

	10
	0.67
	1.02
	1.48
	2.185
	3.17
	4.685
	6.95
	10.2
	15.05
	22.1
	32.25
	47.7

	11
	0.695
	1.05
	1.53
	2.26
	3.275
	4.845
	7.15
	10.55
	15.55
	22.85
	33.3
	49.3

	12
	0.715
	1.085
	1.575
	2.325
	3.37
	4.985
	7.35
	10.85
	16
	23.5
	34.3
	50.5


BOARD 4
PD3A 6562, calibration 5 A - setting of the first zone X1

We use the board  n° 3 by dividing the figures by 5

3 - 4 - Zone 2


- PD3A 6062

The secondary impedance limiting ythis zone is obtained by multiplying the setting of the first zone by the factor k2. That last one is implemented thanks to the switch K2.

	switch K2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	value k2
	1
	1.15
	1.34
	1.55
	1.80
	2.08
	2.40
	2.78
	3.22
	3.73
	4.32
	5



- PD3A 6562

The possible impedance values limiting this zone are given by the two boards beneath. The retained value is implemented thanks to the parameters M2 and K2. 

BOARD 5
PD3A 6562, calibration 1 A - setting of the second zone X2

	         K2

M2
	1
	2
	3
	4


	5
	6
	7
	8
	9
	10
	11
	12

	1
	2.54
	3.84
	5.55
	8.25
	11.95
	17.7
	26.1
	38.5
	56.5
	83.5
	121.5
	180

	2
	2.625
	3.97
	5.75
	8.5
	12.35
	18.3
	27
	39.85
	58.5
	86
	125.5
	186

	3
	2.695
	4.07
	5.
	8.75
	12.7
	18.75
	27.7
	40.85
	60
	88.5
	129
	191

	4
	2.805
	4.235
	6.15
	9.1
	13.2
	19.5
	28.85
	42.5
	62.5
	92
	134
	198.5

	5
	2.905
	4.385
	6.35
	9.4
	13.65
	20.2
	29.85
	44
	65
	95
	139
	205

	6
	2.99
	4.52
	6.55
	9.7
	14.05
	20.8
	30.75
	45.35
	66.5
	98
	143
	211.5

	7
	3.095
	4.68
	6.8
	10.05
	14.55
	21.85
	31.85
	46.95
	69
	101.5
	148
	219.5

	8
	3.2
	4.84
	7
	10.4
	15.05
	22.3
	32.95
	48.55
	71.5
	105
	153
	227

	9
	3.305
	4.995
	7.25
	10.75
	15.55
	23
	34
	50
	74
	108.5
	158
	234

	10
	3.43
	5.2
	7.5
	11.1
	16.15
	23.85
	35.25
	52
	76.5
	112.5
	164
	243

	11
	3.55
	5.35
	7.8
	11.5
	16.7
	24.7
	36.5
	54
	79
	116.5
	169.5
	251.5

	12
	3.65
	5.5
	8
	11.85
	17.2
	25.4
	37.55
	55.5
	81.5
	120
	174.5
	258.5


BOARD 6
PD3A 6562, calibration 5 A - setting of the second zone X2

We use the board  n° 5 by dividing the figures by 5

3 - 5 - Forward  zone

- PD3A 6062 (1 A or 5 A)

The secondary impedance limiting this zone is obtained by multiplying the first zone setting by the factor k3. That last one is implemented thanks to the switch K3. 

	switch K3
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	value k3
	1
	1.23
	1.51
	1.87
	2.31
	2.84
	3.51
	4.32
	5.33
	6.57
	8.11
	10


- PD3A 6562(1 A or 5 A)

The secondary impedance limiting this zone is obtained by multiplying the second zone setting by the factor k3. That last one is implemented thanks to the switch K3.

	switch K3
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	value k3
	1
	1.09
	1.18
	1.29
	1.40
	1.52
	1.65
	1.80
	1.95
	2.12
	2.3
	2.5


3 - 6 - Backward  zone


- Relay 1 A  (PD3A 6062 or 6562)

The secondary impedance limiting this zone is chosen by using the following board:

	switch K4
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	value x4
	2.5
	3.1
	3.8
	4.7
	5.8
	7.1
	8.8
	10.85
	13.35
	16.45
	20.3
	25


- Relay 5 A  (PD3A 6062 or 6562)

The secondary impedance limiting this zone is chosen by using the same board, and by dividing x4 by 5.

3 - 7 - Choice of signalling scheme
It is achieved thanks to the following switches:


- 225 kV
No signalling scheme

switch I-7 of the card QLD 

ES

switch I-1 of the card QMR 

ES


Acceleration


switches I-5 and I-8 of the card QLD 
ES 






switch I-1 of the card QMR 

ES


Blocking overreach

switches I-1, I-8, I-10 of the card QLD
ES






switch I-1 of the card QMR 

ES


- 90 and 63 kV
No signalling scheme

Nothing


Acceleration


switch I-5 of the card QLD 

ES 


Blocking overreach

switches I-1et I-10 of the card QLD
ES


3 - 8 - Timers



- First step 
t1 : 
0 to 99 ms
by step of  1 ms 

or






0 to 990 ms 
by step of 10 ms


The  passage from one scale to the other is done by the switch C which gives the values 1 or 10. 



- second step 
t2 : 
0 to 990 ms
by step of 10 ms 



- third step 
t3 : 
0 to 9900 ms
by step of 100 ms



- fourth step 
t4 : 
0 to 9900 ms
by step of 100 ms

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics
We are in the reference plan of the phase to phase faults.


- "network" data

We reckon the load report factor from the formula (4) of the § 113, appendix 2. In the numerical example we find   C = 1.76.
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scale 1 cm = 20 








          N5

                         Circle C4

The circle 1 is the limit of the overload area, seen from line close end A. 

Its radius is ZT / C = 115 / 1.76 = 66 

The circle 2 is the limit of the overload area, seen from line remote end B. It has the same radius.

The circles C3 and C4 have a radius of  64 

Their centre affixes are respectively 78  (  75° and - 53  (  75° 


- "relay" data

The pick up half bandwidth is:  (Ri  / 2) * (1 + cotg  /  (  3 ),

(see § 22)

 thus, for  = 75° :
 Ri  /  ( 3  = 11.5 

The width of the anti-out of step gaps is:         * kz  * (1 + cotg  / ( 3  ), i. e. 9.8   

We check that the anti-out of step characteristic does not overflow on the overload area. For  this we test this characteristic in relation with the 6 neuralgic points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined on  § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Bandwidth reckoning, in relation with the transit


- preliminaries: compatibility between a neuralgic point and a slanting band.
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    D'




     D









           M







           

             
         K



          H'

     
     A

      
   H

Let us reckon the length of the segment AH in relation with the one of the segment AM. They are linked by: 


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  



        

        sin (  - )

that we can write 
AH = AM *



            

           sin 

To respect the security margins recommended by the  setting guidebook, you must have :








sin ( )


1.1 * AM < 0.9 * AN, 
thus 
1.1 * AH < 0.9 *

      * AN


(1)








    sin 


- insensitivity towards the three phase load reports

We choose for   the first value found inferior to .

We compare the position of the neuralgic points N1, N3, N5 with the line D, then the one of N2, N4, N6 with the line D'. We obtain such inequations:


0.9
          sin ( - i)




0.9

sin (i - )

AH < 
        * ANi * 

    (i = 1, 3, 5)

H'A < 
        * ANi * 

      (i = 2, 4, 6)


1.1

sin 




1.1

    sin 
We choose the lowest value of AH, or AH'. We find, from  §  22, formula (1) applied to the anti-out of step bands, the resistance  Rap :


AH = (Rap / 2) * (1 + cotg  / ( 3  )  
thus 

Rap = 2 * AH * ( 3  / ( cotg  + ( 3  )

From this value we subtract the width of the anti-out of step gap, and we find the setting resistance of the slanting lines: 

R image = Rap - 2 *  * kz 

The program  Umbrella gives, considering the implementation constraints, the following results: 


Rimage = 60.5  «primary », thus 55  «secondary »,
4 - 2 - Study of single phase load report on a meshed double circuit line

4 - 2 - 1 - Drawing of  the transit and the pick up characteristics
This report may be constraining, as the zero sequence current module has a fixed threshold. Thus the phase selector activates the phase to earth loop corresponding to the overloaded phase. 

      -transit area.
From formula (1) of § 12, appendix 2, the maximal current of the overloaded phase (r as an example) is:

                Ir =  C 
* It,

and the maximal residual current is:




        2

                Ig = (C - 1) * (3 - 
            )






(1)



 
  koL - koM + 1

Thus :

Ir + ko_relay * Ig =  C' * It





(2)





  

             

2


by putting :

C' = C + ko_relay * (C - 1) * (3 -
                  )
 

(3)







      
       koL - koM + 1

ko_ relay is the earth factor implemented on the relay

The circles C'1 and C'2 limiting the transit have then a radius, in the reference plan of the phase to earth loops: 

                
r' = Vmin / (Ir + ko_ relay * Ig) = Zt / C' 

The active slanting bands of the relay are those of the phase to earth loop, using the phasor voltages and currents. 

Thus the diagram:
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          N'5

                         Circle C'4

By reference to the three phase load report, the pick up characteristic is wider, and the circles C'1 and C'2 smaller. But there is no more a constraint due to the anti-out of step. 

The affixes of the neuralgic points N'i are deducted from the ones of the points Ni by replacing C by C' in the formulae of  § 4 - 1

4 - 2 - 2 - Bandwidth reckoning, in relation with the transit
The width of the slanting bands of the phase to earth loops is, during a single phase reclosing cycle: 

AH = Ri * Ir / (Ir + ko_relay * Ig) = Ri * C / C'

We determine the minimal value AHmini between  AH and H'A by the formulae:


0.9
          sin ( - i)




0.9
          sin (i - )

AH < 
        * AN'i * 

    (i = 1, 3, 5)

H'A < 
        * AN'i * 

      (i = 2, 4, 6)


1.1

sin 




1.1

sin 
then we find  Rimage = AH min * C' / C

The program  Umbrella gives, by considering the implementation constraint of the relay, the following results:


Ri = 53.3  «primary », i. e. 48.5  «secondary »,
As the relay presents only one image resistance setting, we retain the lower of the values obtained between the single phase and the three phase load report.

We choose then  48.5 Ohm. As the values multiple of 5 are available, we retain 45 Ohm. 

The value to be chosen for ko_relay is the closest to the ko of the network, i. e. 2   / 3. We retain 0.7. 

The value retained for  is  75°

Note: The study of the single phase load report is not relevant if the relay is installed on the 90 kV or 63 kV network.

4 - 3 - Supply of a  customer.

We compare theposition o each vertex (in fact the point S) of the anti-outof step parallellogram (see § 22 et § 24) in relation with the circle defining the transit area.
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              X4+'kz

Let us call N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer.

The compatibility of the point S with the circle is: 

    1.1      __

[          * AS ]²  ( N1²


    0.9

       __     __      __




       Ri

             cotg 
Or  AS = AK + KS, 
or
AS² = X3² + [X3* cotg + (
+  * kz) * (1 + 
           )]
²








        2


  ( 3


         
   ( (0.9 * N1 / 1.1)² - X3² - X3 * cotg
thus
Ri = 2 * [



           -  * kz]



       1 + cotg  / ( 3

4 - 4 - Link between a power plant and a substation

The PD3A is not used for these links
5 - Zone reckoning

5 - 1  - Protection of a single circuit line

5 - 1 - 1 - Zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL

5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

6 - Timers

They depend on the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance


If the angle  of the line image is equal to the real angle  of the line, Rf = Rimage

Else
Rf  = Rimage for a fault close to the relay

Rf = Rimage + X1 * (tg - tg ) on the first zone limit 

7 - 2 - Maximal reach in case of solid fault


In all cases of fault:


AK = X3 / sin 
(see § 21)


AL = X4 / sin  

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

or the PD3A, the band located between the second zone limit and the third zone limit is used as gap for the anti-out of step. We check both inequalities:


X3 > 1.3 * X2

AND 

X3 > X2 + 11 * kz * sin  / In_secondary

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»


1.15 * X3 < 0.9 * XL + 0.8 * Xdmini_transfo_forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up at the highest value as possible, considering the preceding constraints.

condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping by pick up. The PD3A is not concerned. 

8 - 2 - Resistive reach

« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The PD3A is not concerned

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By conception, the PD3A answer this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»



1.15 * X4 + 11 * kz / In_secondary < 0.8 * Xdmini_transfo_backward

or, a minima
1.15 * X4 < 0.8 * Xdmini_transfo_ backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line».

This condition is relevant only for the phase to phase faults, the function "direction" on phase to earth fault being performed by a zero sequence criterion, insensitive to the fault resistance.

For the phase to phase faults, the inversion line is perpendicular to the line image. The condition become:

X4 > Ri * sin (2 * ) / 4


We retain X4 > Ri / 4 
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inversion line


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain:

0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL

PXLC

the protective relay PXLC used on the EDF network always contains the anti - saturation module, the voltage memory module, and the anti-out of step module. It is never used on the 400 kV network. Two types exist, corresponding to the rated secondary currents: 1A and 5 A.

1 - Input data


- Pick up

It is a circular shifted pick up characteristic, centred on the reactance axis. 
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affix of  c = X4 - X5









radius : X4 + X5
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       2 * X5

The input data used are :

        - without earth current:
          

(Vr - Vy)  and  Ir ;         

(Vy - Vb)  and  Iy ;           

(Vb - Vr)  and  Ib

        - with earth current:

          

Vr  and  Ir ;                 

Vy  and  Iy ;                       
Vb  and  Ib

these data are the same as the ones used by the RXAP. The voltages of the phase to phase loops turn in the reverse direction from the ones o the RAZOA.

The circle is defined, in each phase to phase loop, by such an equation:

         

(Vr - Vy) / Ir - (X4 - X5)  <  (X4 + X5)                                                       (1)

and, in each phase to earth loop, by :

          

 (Vr / Ir) - (X4 - X5)  <  (X4 + X5)                                                               (2)

- Anti-out of step
The blocking order is elaborated  thanks to the pick up circle of the loop ry, and to a concentric circle using the same input data, i. e. Vr - Vy and Ir. Its radius is:



Rap = X4 + X5 + *X4
It is disabled when the residual current is present.


- Phase selection
It is achieved by the pick up loops. The residual current module is a fixed threshold relay.


- Distance measurement

The image current is :



Ir - Iy 

on the loop ry 

...







Ir + ko * Ig 
on the loop r - earth, 
...


The pilot current is :



Ir - Iy 

on the loop ry,



...



Io 

on the loop r - earth for the first zone, 
...



Ir

on the loop r - earth for the second zone,
...

There is only one loop, the input data of which are chosen by the phase selector.


- Direction

It is performed by one module, the input data of which are chosen by the phase selector. The input "current" receives a voltage proportional to the current of the faulted phasor, and the input "voltage" receives the memorised positive sequence voltage linked with another phasor.     

Numeric application:

line 225 kV, positive sequence impedance  25 ohm, maximal steady state transit current
It = 1000 A,             earth factor ko = 2/3, argument  = 75 °, mutual zero sequence factor km = 0.4. 

The ratio kz = primary impedance  / secondary impedance is  1.1, corresponding to a current transformer ratio of 2000 / 1

We choose a priori, to draw the diagrams, the following settings:

        
setting of X4 = 37.5  " primary ",

        
setting of X5 = 18..5  "primary".

2 - Drawing of the characteristic in case of fault.

2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden

In that case, Ir = - Iy; the impedance plan is defined by the equation: 

          

Z = (Vr - Vy) / (Ir - Iy) = (Vr - Vy) / (2 * Ir),

and the condition noted  (1) in the § 1 becomes :

      

Z -( (X4 - X5)  / 2) < (X4 + X5)  / 2

The circle obtained is homothetic to the preceding one in the ratio 2.
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affix of c = (X4 - X5) / 2
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radius 
= X4 + X5
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        X5

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.

In that case, Iy = a² * Ir

We consider the reference impedance plan defined by the equation:

          
           Vr - Vy
       Vr - Vy


Z =                 
=




 and the inequation (1) becomes :


            Ir - Iy
       Ir * (1 - a² )

      
           Vr - Vy

Ir * ( 1 - a² ) 



                 *

           - (X4 - X5)   <     X4 + X5 

         Ir * (1 - a² )
       
       Ir


thus,
 Z * (1 - a² ) - (X4 - X5)  <  X4 + X5 

The vector   Z * (1 - a² ) describes a circle with a radius X4 + X5, and the centre of which, located on the reactance axis, has the ordinate X4 - X5.  

The vector Z describes a circle obtained from the preceding one by a complex homothety  of ratio 1 / ( 3   (30°.  We obtain a circle with a centre affix of:

     
 
X4 - X5    
X4 - X5
,


Ac =                       + j *                         



 2 * (  3
                 2




  


and a radius:
          
  
X4 + X5


r = 


       
     ( 3








          (2+)*X4/( 3






       

                  2*X4/( 3
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2- 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden





         
     
     Vr

The reference impedance plan is defined by the equation  (4):          

Z = 











Ir + ko *Ig











      Vr

If there is no burden, Ir = Ig,  thus:




 
Z = 











(1 + ko ) * Ir





         Vr 
Ir + ko * Ig 

and the inequation (2) become:  

          *

       - (X4 - X5)   <   X4 + X5 



   
    
    Ir + ko * Ig 
       Ir 

or:          


Z * (1 + ko ) - (X4 - X5) < X4 + X5 
The pick up circle is a circle centred on the reactance axis.

The ordinate of the centre is:    (X4 - X5) / (1 + ko )

The radius is:                       X4 + X5 / (1 + ko )
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Rf / (1 + ko)













c





scale 1 cm = 10 




         












A


H

3 - Setting parameters

note :  Only the straps, the position of which may be changed from one EDF scheme to another are noted.

3 - 1 - Pick up (module QMR).

It is performed thanks to the parameter N4, which can take all the integer value between 1 and 99, thanks to two coding wheels. The forward reach is given by :




500


x4 = 





(In_secondary = 1A or 5 A)



In_secondary * (N4 + 1)

The backward reach is given by:
x5 = k5 * x4;
the value of k5 is given by the switch K5

	K5
	1
	2
	3
	4

	k5
	1 / 8
	1 / 4
	1 / 2
	1


3 - 2 - Factors (module QAH)


- phasor current threshold : it is not settable and has the value 0.2 * In_secondary
- residual current threshold: it is settable thanks to a coding wheel with 16 positions Pir = 0, ... 15.

Ig = 0.2 * In_secondary * Pir

- earth factor ko : it is settable thanks to a coding wheel with 16 positions Pko = 0, ... 15


ko = 0.1 * Pko

- argument  of the line image : it is settable thanks to a coding wheel with 16 positions P = 1, ... 15

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	P
	86
	83
	79
	76
	72
	69
	66
	63
	60
	58
	55
	53
	51
	49
	47
	45


3 - 3 - Zones (module QM)
- zone 1
The setting is performed by the parameter a1 which may have 4 values thanks to a coding wheel:

	Pa1
	1
	2
	3
	4

	a1
	1
	5
	25
	100


and by the parameter N1 which may have all the integer values from 0 to 99 thanks to two coding wheels.




20 * a1


x1 = 



In_secondary * (N1 + 1)


- zone 2
The setting is performed by the same way as the one o the zone 1, by using the parameters a2 and N2 which may have the same values.

3 - 4 - Out of step (module QW)

It is performed thanks to the switches S1 ; S2 ; S3.


S1
S2       S3


          
          
 = 1




          
          

 = 0.4




          
          

 = 0.2




       



 = 0.1


3 - 5 - Choice of signalling scheme

It is chosen thanks to the strap S6 which may have the positions :


4 = acceleration scheme


2 = blocking overreach

3 - 6 - Timers

Each of them is set by two coding wheels giving a  position PT = 1, ... 99.


- first step  (blocking overreach) : 
T1 * 5 * PT1 ms


- second step

If the strap S6 has the position 


T2 = 10 * PT2 ms






           


  

If it has the position



T2 = 100 * PT2 ms







- third step



T3 = 100 * PT3 ms


- fourth step



T4 = 100 * PT4 ms
4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line
4 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics

- data  "network"

The impedance plan used is the phase to phase loop reference plan.
The circle C1 has its centre on A, close end of the line. 

The circle C2 has its centre on B, remote end of the line, with the affix ZL 

Their radius is Vmin / (C * It), C being the load report factor defined on § 113, appendix 2.  In the numeric example, C = 1.76, and the radius is 66 . 

The circle C3 has its centre on 3, affix ZL * Vmax²  / (Vmax²  - Vmin² ),       
i. e.   78   75 ° 

The circle C4 has its centre on 4, affix ZL  * Vmin²  / (Vmin²   - Vmax² ),
i. e. - 53  75°

Their radius is ZL * Vmax * Vmin / (Vmax² - Vmin² ), 


i. e.    64 .
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   3


circle C3
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   N3












          Circle C1



  c

  
 Circle C2
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4

          N5


                         Circle C4

     
 - Data "relay"

- j * 30



c = centre of the pick up and anti-out of step circles, with the affix ((X4 - X5) / ( 3  ) * e

i. e. : 
(X4 - X5) / (2 * ( 3  ) + j * (X4 - X5) / 2 
= 5.4 + j * 9.4 
                    pick up circle, radius

   X4 + X5 / (  3 

= 32.4 

                    anti-out of step circle, radius 
    (1 + ) * X4 + X5 / ( 3 
= 41.3
(if  = 0.4) 

We check that the anti-out of step characteristic does not overflow the overload area. For that we check it in relation with the 6 neuralgic points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined at § 224 , appendix 2.

- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of parameters defining the pick up circle and the out of step circle


- preliminaries : compatibility between a neuralgic point and a circle












        N







         c

         M









        







          
      
        







       







           A

.

The compatibility between the point N and the anti-out of step circle is given by :


0.9 * AN > 1.1 * AM




(1)

By solving the triangle AcM we find:


Ac² + AM² - 2 * Ac * AM * cos  () = cM²

(2)


- Application to the anti-out of step circle


Ac = (X4 - X5) / (  3




(3)


cM = [ ( 1 +  ) * X4 + X5] / (  3



(4)


 = 60°

(see § 2-2)

If we put k5 = X5 / X4, we obtain, by solving the equation (2) :

          ( (1-k5)² * cos² (60°-) + 4*k5 + ² + 2* + 2**k5  -(1-k5) * cos(60°-)

   0.9

X4 <








   * ( 3  *          * AN
(5)




4*k5 + ² + 2*+ 2**k5




    1.1

To choose k5, the manufacturer recommends the following values:

k5 = 1 for a short line, and 1 / 2 for a long line.

 = 1 
for 
5 / In_secondary  
<  X4 / kz  < 
12.5 / In_ secondary

 = 0.4 
for 
12.5 / In_ secondary 
<  X4 / kz  < 
25 / In_ secondary 

 = 0.2
for  
25 / In_ secondary 
<  X4 / kz  < 
50 / In_ secondary 

 = 0.1
for 
50 / In_ secondary 
<  X4 / kz 

We apply the equation  (5) at each neuralgic point, with the module AN and the argument , and we keep the lowest value of X4. But as we do not know X4 to choose , we suppose a priori that X4 = 1.2 * 1.3 * ZL, and we test then that the value retained for X4 do not modify . 

The program  Umbrella gives the following results:


X4 = 45.83  
«primary », 

i. e. 
41.67  «secondary »,

k5 = 
1 / 2
 = 0.2
which corresponds to a circle with a radius of 39.69  and with a centre having an affix of 6.6 + j * 11.45 

4 - 2 - Study of single phase load report on a meshed double circuit line (225 kV only)
This report may be constraining , as the zero sequence current module has a fixed threshold. One phase to earth loop, phase r as an example, is then activated during the cycle.  

      - functioning area.

On the safe line, the phase selector selects the phase r to earth loop. 

From formula (12) of  § 12, appendix 2, the maximal current of the phase r is : Ir = C*It








           2

and the residual maximal current is:
Ig = (C - 1) * (3 - 
            
)


      (1)



 
  

    
   
    koL - koM + 1

The impedance plan of the phase r to  earth loop is defined by Vr / (Ir + ko_relay * Ig)

ko_relay being the earth factor implemented on the relay, considering the constraints seen on  § 32 .

Thus:


Ir + ko_relay * Ig =  C' * It


(2)





  

             


           2


by putting :


            
     C' = C + ko_relay * (C - 1) * (3 -                         )
 (3)







      


   koL - koM + 1
The circles C'1 and C'2 giving the transit limits have a radius, in the reference plan of the phase r to earth loop: 

r = Vmin / (Ir + ko_relay * Ir) = Vmin / (C' * It)
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- relay characteristic

The characteristic is defined by :

     
        Vr

      Ir + ko_relay * Ig         


         

*
            

 - (X4 - X5)    <    X4 + X5
or :

    Ir + ko_relay * Ig                  
Ir




  C' 



        
 Z * 
            - (X4 - X5)     <    X4 + X5



  C









  
        C

The pick up circle s then a circle with a radius                                     
(X4 + X5) *   
,









   
         C'










         C

and a centre, located on the reactance axis, with the ordinate:               
(X4 - X5)  *





 




         C'

- Recall of the neuralgic point co-ordinates

You replace C by C' in the formulae of the preceding § to obtain the points N'i. 

- Reckoning of the parameters defining the pick up circle 

The comparison of the phase to earth pick up circle with the neuralgic points differs from the preceding one on following points :

- no anti-out of step ( = 0)

- circle centred on the reactance axis:  = 90°

- as the data used to define the phase r to earth loop circle are Vr an Ir, the formulae (3) and (4) of the preceding § become:


Ac' = ( X4  - X5) * C / C'





cM = ( X4 + X5) * C / C'




Thus the formula:


C'
(k5-1) * sin ' + ( (1-k5)² * sin² ' + 4*k5
      0.9

X4 <  
         *





*
* AN'

(1)

C


4 * k5


       1.1
In the numeric application, the radius value of the pick up circle is 48  and the ordinate of its centre is 16 
The program  Umbrella gives the following results:


X4 = 33.5  
«primary », 

i. e. 
30.5  «secondary »,

k5 = 1 / 2

We choose the weaker of the values obtained on § 412 and § 42, i. e. 33.5 Ohm. The value implementable on the relay is, considering the constraints of § 31: 29.4 Ohm, from N4 = 16 .

The residual current threshold is generally set at 1.2 * In. Indeed, the weak sensitivity of the relay to resistive faults make not useful, in most of the cases, a greater sensitivity. 

4 - 3 - Supply of a  customer

compatibility between a shifted circle and a circle centred on the origin



0.9





   N
AM ( 
       * AN





        


1.1




            M







    C






            A

Now, from the § 22 and the § 1 "anti - out of step"

AM = X4 * (2 + ) / ( 3


          0.9
  ( 3

thus : 
X4 (
   * N * 

          1.1 
 2 + 
Where N is the radius of the circle liliting the transit zone, i. e.:


         Vmin


N = 


It being the total current running through both lines supplyiing the customer. 

           It

4 - 4 - Link between a power plant and a substation

The PXLC is not used for these links 

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

We choose, for X1 "secondary", the value immediately lower, considering  § 33.


- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm
or

X1 (4.3 Ohm > 1.25 * XL

We choose, for X1 "secondary", the value immediately lower, considering  § 33.
5 - 1 - 2 - Zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we have :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain



X2 ( 1.20 * XL

- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 

X2 ( 1.25 * XL > 4.3 Ohm HT

X2 (4.3 Ohm HT > 1.25 * XL

We choose, for X2 "secondary", the value immediately greater, considering § 33. 

Note : The factor , which is used only for setting the zones, is chosen as close as possible to , considering the constraints of § 32
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

6 - Timers
see § 36
The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance


- on the close end of the line (point H of § 23)

We solve the triangle AcH, and we find :



2 * ( X4 * X5


AH = 



or 

Rf = 2 * X4 * ( k5


(1)



      1 + ko


- on the remote end of the line (point H' of § 23)
We solve the triangle B'cH', than we subtract BB' from B'H', and we find:

 Rf = (1+ko) * BH' =  ( 4*X4²*k5 + 2*X4*(1-k5)*XL*(1+ko) - XL²*(1+ko)²  - XL*cotg*(1+ko)
(2)

7 - 2 - Maximal reach in case of solid fault


- phase to phase fault (see § 21)

Forward reach: 
AK = (1 / 2) * [X4 * (1 - k5) * sin  + X4 *  (  (1 - k5)² * sin²  + 4 * k5 ]  

(3)

Backward reach: 
AL = (1 / 2) * [X4 * (k5 - 1) * sin  + X4 *  (  (1 - k5)² * sin²  + 4 * k5 ]

(4)


- three phase fault or balanced operation (see § 22)

Forward reach:
AK = (1/( 3) * [X4 * (1 - k5) * cos (60°) + X4 *  (  (1 - k5)² * cos² ( - 60°) + 4 * k5  ] (5)

Backward reach:
AL = (1/( 3) * [X4 * (k5 - 1) * cos (60°) + X4 *  (  (1 - k5)² * cos² ( - 60°) + 4 * k5  ] (6)


- phase to earth fault (see § 23)

Forward reach:
AK = [1 / (1 + ko)] * [X4 * (1 - k5) * sin  + X4 *  (  (1 - k5)² * sin²  + 4 * k5 ]  
(7)

Backward reach:
AL = [1 / (1 + ko)] * [X4 * (k5 - 1) * sin  + X4 *  (  (1 - k5)² * sin²  + 4 * k5 ]
(8)


- anti-out of step reach. It is deducted from the one of the balanced operation by replacing: 

X4  
by 
Xap4 = X4 * (1 +  / 2)

8 - Satisfaction of the conditions expressed in the setting guidebook
8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequality: 

X_forward > 1.3 * X2
X_forward being the projection of AK on the reactance axis (see § 21)

for the phase to phase faults which are the most constraining. So we put: 


X_ forward = AK * sin , 
AK being reckoned by the formula (3) of § 72
If this condition is not true, we reckon again the settings with a weaker value for k5

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»


1.15 * X3 < 0.9 * XL + 0.8 * Xdmini_transfo_forward

The most constraining case is the one of the three phase fault. So we put:


X_ forward = AK * sin , 
AK being reckoned by the formula (5) of § 72
If we want that the anti-out of step zone remains also insensitive to the faults located on the other side of the transformers, we use the same formula, in which we replace X4 by X4 * (1 +  / 2).

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up at the largest possible value, considering the preceding constraints. 

condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition  concerns only the relays on which the anti-out of step blocks the pick up. The PXLC is not concerned.

8 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The PXLC is not concerned

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By conception, the PXLC answers this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»


1.15 * X_backward < 0.8 * Xdmini_transfo_ backward

The most constraining case is the one of the three phase fault. 

If we want that the pick up does not overcome the transformers, we have:

* X_ backward = AL * sin

AL  being reckoned by the formula (6) of § 72.

If we want that the anti-out of step does not overcome the transformers, we replace, in the formula (6) of § 72, X4  by  X4 * (1 +  / 2)


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition is irrelevant for the PXLC.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain:


0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL

APPendix  6 - 71

The PSEL 3002 is a non directional protective relay, which contains only a parallellogram pick up. It uses the following input data:

Vr - Vy; 
Vy - Vb;   
Vb - Vr;

Ir - Iy;

Iy - Ib;

Ib - Ir




The characteristic is thus drawn in the impedance reference plans of the phase to phase loops. 
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           S








   R

     





         X2

The forward reach  X1 is set by two coding wheels. The first, RC1, is graduated from 1 to 8, and the second, RC2, from 1 to 16. Its value is given by:

X1 = 0.4 * RC1 * RC2  

The backward reach X2 is set by the coding wheel RC3, graduated from 1 to 16. Its value is given by:



X2 = RC 3

The resistive reach is set by the coding wheel RC 4, graduated from 1 to 16. Its value is given by:



R = 2 * RC 4

The angle  of the slanting lines is set by the coding wheel RC 5, graduated from 1 to 16. Its value is given by: 


 = 44 + 2 * RC 5

The time delay T is set by a whole of two coding wheels RC 6, graduated from 1 to 99. Its value is given by: 


T = 20 * RC 6 

For the meshed lines, the determination of R is made by the inequation



sin ( )


1.1 * R < 0.9 *

       * ANi







     sin 
For the lines supplying a  customer, we compare the position of each vertex (in fact the point S) of the parallellogram in relation with the circle defining the transit area.







         X1

     S








    A      R

Let us call  N1 the radius of the circle limiting the transit area:


N1 = Vmin / It 

It being the total current running both lines supplying the customer. 
The compatibility of the point S with the circle can be written:

    1.1      __

[          * AS ]²  ( N1²

     0.9

thus: 
R ( (  (0.9 / 1.1)² * N1² - X1²     - X1 * cotg 
RXAP

 This relay, old fashioned, is no more manufactured since 1985. However, it will remain in operation during a lot of years.

Numerous types exist [127]. Among them, we find an elliptic pick up one. The others have circular, shifted or not, pick up characteristics.

1 - Input data

1 - 1 - Circular pick up

It is performed by transducers comparing the following voltages: 


(Vr - Vy) - 2 * Zi * Ir 
and

2 * MR *  Ir  
(loop ry)

   


(Vy - Vb) - 2 * Zi * Iy 
and

2 * MR *  Iy   
(loop yb)


(1)


(Vb - Vr) - 2 * Zi * Ib 
and 

2 * MR *  Ib     (loop br)

The parameter MR is the pick up threshold

The impedance Zi is called the image impedance. It is internal to the relay. Its argument is 75 °. 

If the residual current is higher than  0.3 * (Ir - Iy) and than 0.3 * In, the input data are switched and the comparisons are performed on the following voltages:


Vr  - 2 * Zi * Ir 
and

2 * MR *  Ir  


Vy  - 2 * Zi * Iy 
and

2 * MR * Iy 


(2)   


Vb  - 2 * Zi * Ib 
and

2 * MR *  Ib 
Numeric application: 

line 225 kV ; positive sequence impedance 25 ohm ; maximal steady state current It =  1000 A ;

earth current ko = 2/3 ; mutual zero sequence reactance factor = 0.4 ;argument  = 70 °.

ratio between primary impedance and secondary impedance kz = 5.5, which corresponds to  In primary = 2000 and In secondary = 5 

We choose a priori, to draw the diagrams, the following settings :


- setting of MR = 25  primary,


- setting of Zi = 12.5  primary.                                     
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scale 1 cm = 10 
1 - 2 - Elliptic pick up

This characteristic was designed to protect the long lines with a heavy transit, for which the circular characteristic was not compatible with the transit.

It is performed thanks to transducers comparing, for the ry loop e. g., the following voltage: 


Vr - Vy  +   (Vr - Vy) - K1 * Zr * (Ir - Iy) 


and a threshold 
K2 * Zr  * Ir 








Zr is an impedance with a fixed module and a variable argument , K1 and K2 are the variable factors. For what follows, we put:




j * 


       2 * f
   j * 

K1* Zr = f * e


 K2 * Zr  = 
     *    e







         E

and the ellipse equation is then, by dividing both members by Ir - Iy:




  j * 

f
    Ir


 Z  +  Z - f * e
             = 2 *
    *     

   




(2)






E
(Ir - Iy)

the parameters f,  E, and   being those used to set the relay.

When a residual current appears, the input data are switched, and the comparison is done between: 


 Vr  +  Vr  - K1 * Zr * (Ir + Ig) 


and the threshold
K2 *  Zr * Ir 







(3)

The ellipse equation is then, by dividing both members by  Ir + ko * Ig




 j *                Ir + Ig
           2 * f
           Ir


 Z  +  Z - f * e
 
*  
          
 =  

*



(4)





      Ir + ko*Ig

E
      Ir + ko*Ig

We consider the preceding numeric application, with a line impedance equal to 50 , and we choose the following settings:


setting of  f =
66  HT


setting of  E =      0.87



setting of   = 75° 

1 - 3 - Out of step

 
- circular.

It is a circle concentric to the pick up circle, obtained by comparing, on the rb loop only:


 (Vb - Vr) - 2 * Zi * Ib  
and
2 * MRAP *  Ib   

The threshold MRAP is the anti-out of step threshold, necessarily set higher than MR. In the numeric example, we choose it equal to 1.5 * MR. 

the anti-out of step blocks only the phase to phase loops. 

 
- elliptic.

It is an ellipse external to the pick up ellipse, on the loop rb. The parameters f, Ep and  of this ellipse are set independently from the pick up ellipse, but we generally choose the same focal distance and the same argument, but a lower eccentricity Ep .It blocks only the phase to phase loops.

In the numeric example, we choose Ep = 0.65

1 - 4 - Distance measurement

The relay contains only one distance measurement module, the inputs of which are controlled by the phase selector.  This module compare the imaginary part of an impedance to a given threshold. This threshold is switched, according to the time run after pick up, to obtain the first zone, second zone, third zone tripping..

The image current is equal to the pilot current
The measured impedance is, following the chosen loop:


(Vr - Vy) / (Ir - Iy)  


(Vy - Vb) / (Iy - Ib)






(1)





(Vb - Vr) / (Ib - Ir)                   

when there is no earth current, and


Vr / (Ir + ko * Ig)   


Vy / (Iy + ko * Ig)






(2)   


Vb / (Ib + ko * Ig)




when the earth current is present.

1 - 5 - Phase selection

It is obtained from the pick up loops. The residual current module has a percentage threshold: 

I_threshold >  0.3 * (Ir - Iy) 
AND 
I_threshold >  0.3 * In.

1 - 6 - Direction

The inversion line of the directional module is obtained when the current supplying it, i. e.: 

Ir -Iy for the loop ry, 


Ir for the loop r to earth,

Iy - Ib for the loop yb, 


Iy for the loop y to earth,

Ib - Ir for the loop br, 


Ib for the loop b to earth,

 lags of  70° in relation with the voltage supplying this relay, i. e.:

 
Vr - Vb for the loops ry and r to earth,  

Vy - Vr for the loops yb and y to earth,

Vb - Vy for the loops br and b to earth.   

Note: in case of solid three phase fault close to the substation, Vr - Vb becomes null, and the module can no more operate. That is why the voltage Vr - Vb is sent to the module through a memory circuit which maintains Vr -Vb to a large enough value during the measurement time. 

2 - Drawing of the characteristic in case of fault.
2 - 1 - Circular characteristic, 

pick up in case of fault between the phases r and y, supplied by one side, and without burden

In that case, Ir = - Iy. 









Vr - Vy

Vr - Vy

The reference impedance plan is defined by :

Z = 

     =









   
  Ir - Iy 

  2 * Ir

    Vr - Vy

and the  condition (1) becomes :    

      - 2 * Zi 2 * MR
or :
   Z - Zi  < MR





        Ir

The threshold MR is the radius of the pick up circle, and the complex impedance Zi is the shift of the pick up circle centre in relation with the origin. 

In the numeric example chosen, the most distant forward solid faults are seen at 150% of the line length, and the most distant backward solid faults are seen at 50%. 
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the affix of the circle centre is Zi.

Its radius is MR.







50 %  L

In case of solid or resistive fault at point F when there is no burden, the loop equation is: 








Vr - Vy

        Vr - Vy = Zd * Ir + Rf * Ir + Zd * Ir, 
thus 

   
=  Zd + Rf / 2 








  Ir - Iy

The maximal detectable fault resistance Rf is equal to the double of the value red in the impedance plan.

- Drawing of the directional straight line
When the voltage Vr - Vy reaches 0 (solid fault at close substation between phases r and y), the voltage Vr - Vb becomes perpendicular to it. The inversion line leads then the R axis of  an angle of 160°.       

 If the fault becomes resistive, the inversion line turns slightly in the negative direction, to be closer of its position in normal operation (see diagram of § 2 - 2). As an example, it turn of 7° if the fault resistance has the same module as the short circuit positive sequence impedance.

If another phase to phase loop is activated, the voltages and currents are switched by their pick up loops and give the same inversion line in their respective impedance plans. 

2 - 2 - Circular characteristic










Pick up in case of three phase fault, or in case of safe operation.

In that case, Ir = a * Iy









Vr - Vy
         Vr - Vy

The reference impedance plan is defined by :

Z =

    =









  Ir - Iy
         Ir * (1 - a²)








     Vr - Vy

and the formula (1) of § 1 - 1 becomes:


                   - 2 * Zi  2 * MR








          Ir

thus:

     



  
 Z * (1 - a²)  / 2
 - Zi    MR

The evolution zone of the vector between the bars is limited by a circle centred on the origin and obtained by making vary the angle  from  0 to 360°  in the expression

                                         j * 
                            MR * e 

To obtain the evolution zone limit of Z we shift the circle of Zi, and then we make it undergo a complex homothety of 2 / (1 - a² ), i. e. an homothety of 2 / ( 3  and a rotation of - 30 °              

In the numeric example chosen, the most distant forward solid faults are seen at 152% of the line length, and the most distant backward solid faults are seen at - 56%.

If  the same resistive fault Rf appears on each phasor, without burden, the loop equation is :

      Vr - Vy = Zd * Ir + Rf * Ir - Rf * Iy - Zd * Iy


Vr - Vy


The maximal detectable fault resistance Rf is equal to the value red in the

thus :

 = Zd + Rf 
reference impedance plan.
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The radius of the circle is  2 * MR / ( 3
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Its centre has the affix: 
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            -56 %

Drawing of the directional straight line

The used voltage is Vr - Vb and the current is Ir - Iy. As Vr - Vy leads Vr - Vb of 60°, the inversion line, in the impedance plan of the loop ry, is a straight line making an angle leading of  130 ° in relation with the axe of the R 

2 - 3 - Circular characteristic











Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden






Vr

The reference plan is defined by :

Z =






         Ir + ko_relay * Ig







Vr

If there is no burden, Ir = Ig, thus :

Z = 

(1 + ko_relay) * Ir

and the condition (2) of § 1 - 1 becomes :
 Z * (1 + ko_relay) / 2- Zi   MR






















      2 * Zi


the pick up circle is a circle shifted in relation with the origin of :










1 + ko_relay










     2 * MR

 and its radius is :












1 + ko_relay

In the numeric example chosen, the most distant forward solid faults are seen at 180% of the line length, and the most distant backward solid faults are seen at - 70%.

In case o resistive fault without burden at point F, the loop equation is :


Vr = Zd * Ir + Rf * Ir + ko * Zd * Ir



        Vr

Thus :



      = Zd + Rf * (1 + ko_relay)



Ir * (1 + ko_relay )


The maximal detectable fault resistance Rf is ( 1 + ko_relay) times the value red in the reference plan.
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Drawing of the directional straight line
The residual current module and the pick up loops witch the voltages and currents on the input of the directional module. They become, for the r to earth loop, Vy - Vb and Ir + ko_relay * Ig. 

In the impedance plan of this loop, the inversion line leads the R axis of an angle of 160°. 

2 - 4 - Elliptic characteristic










Pick up in case of fault between the phases r and y, supplied by one side, and without burden

As 
Ir - Iy = 2 * Ir, the ellipse equation (formula (2) of § 1 - 2 ) is defined by :




j * 
 Z  +  Z - f * e          =  f / E
      (5)
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The complex abscissas of  K and L are :
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2 - 5 - Elliptic characteristic











Pick up in case of three phase fault, or in case of safe operation.





   j * (-30°)

As         Ir / (Ir - Iy)   = ( 1 / ( 3 ) * e 
    ,  the equation (2) , §  1 - 2  of the ellipse is defined by :




 j * ( - 30°)           2 * f 
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(6)
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its width is :
PN = f *    
         - 1
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        its eccentricity is: 
     * E



its focal distance is : AF = f 
(unchanged)

          2










j * 

j * 
The complex abscissas of  K and L are obtained by writing that       Z = AK * e
           or   Z = AL * e


The equation (6) becomes:









          2 * f

AK + ( (AK * cos  - f * cos ( - 30°)² + (AK * sin  - f * sin( - 30°)²   =









         ( 3 * E



f * (4 - 3 * E² )





f * (4 - 3 * E² )

AK = 






AL   =


E * [4 * ( 3  - 6 * E * (cos ( -  + 30°) ] 


E * [4 * ( 3  + 6 * E * (cos ( -  + 30°) ]

2 - 6 - Elliptic characteristic











Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

As Ir = Ig, the ellipse equation (formula (4) of § 1 - 2 ) is defined by :
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Its length is :
KL   
= (f / E) * [2 / (1 + ko)]






 

Its width is :
MN 
= f *    (1 / E²) - 1  * [2 / (1 + ko)]

Its focal distance is : AF = f * [2 / (1 + ko)]







Its eccentricity is: E

The complex abscissas of K and L are :
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3 - Setting parameters

The impedance values used in this paragraph are always secondary values.

The notation "relay 3.3 A" is a denomination from the manufacturer which mean for the setter the ranges of impedance values are multiplied by 1.5. 

3 - 1 - Pick up

3 - 1 - 1 - "5 A" circular relay


- The argument  is fixed. Its value is 85° ;


- the factor MR may be set continuously, from 2 to 6 ;

- The image is settable from 0.15 to 3 , by steps of 0.15 . It can be also cancelled, and the pick up characteristic is then centred on the origin;


- the earth factor ko_relay is settable from 0.4 to 1 by steps of 0.1.

3 - 1 - 2 - "3.3 A" circular relay

- The argument  is fixed. Its value is 85° ;


- the factor MR may be set continuously, from 3 to 9 ;


- The image is settable from 0.225 to 4.5 , by steps of 0.225 . It can be also cancelled, and the pick up characteristic is then centred on the origin;


- the earth factor ko_relay is settable from 0.4 to 1 by steps of 0.1.

3 - 1 - 3 - Elliptic relay

- The argument  is settable continuously, from 70° to 85° ;


- the parameter f (focal distance for the phase to phase or phase to earth faults) may have the following values (in :   

	3
	3.5
	4
	5
	6
	7
	8.5
	10
	12



- the parameter E (eccentricity for the phase to phase or phase to earth faults) may have the following values:

	 E1 = 0.8
	E2 = 0.83
	E3 = 0.87
	E4 = 0.88
	E5 = 0.9



- the earth factor ko_relay is settable from 0.4 to 1 by steps of 0.1.

3 - 2 - Zones


They are identical for all types of relays.

The board below gives the first zone settings, series connection, 5 A.

In case of parallel connection, the impedance values are divided by 2.

The values available on the 3.3 A relays are obtained by multiplying by 1.5 the ones of the relays 5 A.

	
	
	
	
	4.75
	5.00
	5.25
	5.52
	5.80
	6.10
	6.40

	
	
	
	
	3.36
	3.53
	3.71
	3.90
	4.10
	4.30
	4.52

	
	
	
	
	2.38
	2.50
	2.62
	2.76
	2.0
	3.04
	3.20

	
	
	
	
	1.68
	1.77
	1.86
	1.95
	2.05
	2.15
	2.26

	
	
	
	
	1.19
	1.25
	1.31
	1.38
	1.45
	1.52
	1.60

	
	
	
	0.80
	0.840
	0.884
	0.928
	0.975
	1.02
	1.08
	1.13

	0.270
	0.381
	0.539
	0.762
	
	
	
	
	
	
	

	0.257
	0.362
	0.512
	0.762
	
	
	
	
	
	
	

	0.244
	0.345
	0.488
	0.690
	
	
	
	
	
	
	

	0.232
	0.328
	0.464
	0.656
	
	
	
	
	
	
	

	0.221
	0.312
	0.442
	0.624
	
	
	
	
	
	
	

	0.210
	0.298
	0.420
	0.594
	
	
	
	
	
	
	

	0.200
	0.283
	0.400
	0.566
	
	
	
	
	
	
	


3 - 3 - Out of step

3 - 3 - 1 - Circular relay

The anti-out of step threshold is set continuously from 4 to 8  for the relays "5 A", and from 6 to 12  for the relays "3.3 A".

3 - 3 - 2 - Elliptic relay

the possible eccentricity values are :

	E10 = 0.65
	E20 = 0.68
	E30 = 0.71
	E40 = 0.72
	E50 = 0.73


 3 - 4 - Timers

They are all settable continuously from 0.1 to 5 seconds.

3 - 5 - Choice of signalling scheme

It is achieved by choosing the fitted type of relay. See [127]

4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line - Circular characteristic

4 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics

- data  "network"

The impedance plan used is the phase to phase loop reference plan.
The circle C1 has its centre on A, close end of the line. 

The circle C2 has its centre on B, remote end of the line, with the affix ZL 

Their radius is Vmin / (C * It), C being the load report factor defined on § 113, appendix 2.  In the numeric example, C = 1.76, and the radius is 66 . 

The circle C3 has its centre on 3, affix ZL * Vmax²  / (Vmax²  - Vmin² ),       
i. e.   78   75 ° 

The circle C4 has its centre on 4, affix ZL  * Vmin²  / (Vmin²   - Vmax² ),
i. e. - 53  75°

Their radius is ZL * Vmax * Vmin / (Vmax² - Vmin² ), 


i. e.    64 .
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scale 1 cm = 20 
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                         Circle C4

- Data "relay"

The characteristics are defined on § 22









     - j * 30

c = centre of the pick up and anti-out of step circles, complex affix (2 * Zi  / ( 3  ) * e
     i. e.7.2 ( 45°  

                    pick up circle, radius                     MR / (  3 

= 29 
                    anti-out of step circle, radius 
   3MR / (  3

= 43


We test that the anti-out of step characteristic does not overflow the overload area. For this we test it in relation with the 6 neuralgic points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined on § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of parameters defining the pick up circle and the out of step circle


- preliminaries : compatibility between a neuralgic point and the anti-out of step circle.












        Ni







 Zi      c

        M









        







        
      
        







       







           A

.

It can be written


0.9 * ANi > 1.1 * AM






(1)

By solving the triangle AcM we find :


Ac² + AM² - 2 * Ac * AM * cos  () = cM²



(2)

 with:
Ac = 2 * Zi / (  3




cM = 2 * MR / (  3





that gives, from equation (2):


              3          Ni * 0.9

         Ni * 0.9

MRAP² (  Zi² +        *   (
            )²  - Zi * ( 3  *
          * cos  ()

(3)


              4
   1.1

              1.1


- setting reckoning

We choose  Zi ( Zl / 2

We apply the equation (3) to all the neuralgic points and we keep the lowest value found for MRAP. 

We choose then  MR = MRAP / 1.5

The program  Umbrella gives, considering the implementation constraints of the relay, the following results: 

MR 
= 27.55  
«primary», 

or 
5.01  
«secondary »,

MRAP 
= 41.36  
«primary », 

or 
7.52  
«secondary»,
Image 
= 12.37  
«primary », 

or 
2.25  
«secondary»,
which corresponds to a pick up circle with a radius 31.8  and an anti-out of step circle with a radius 47.7 
The complex abscissa of the centre is           14.28 ( 45°

4 - 2 - Study of three phase load report on a meshed double circuit line - Elliptic characteristic

4 - 2 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
      - Data "network"
The factor C has the value 1.60. The radius of  C1 and C2 becomes 73 .

The abscissas of  circles C3 and C4 and their radiuses are doubled in relation with the preceding ones. 
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scale 1 cm = 40 
                         Circle C4

- Data "relay"

The eccentricity is the one seen on  § 2-5, i. e.:

 0.87 * ( 3 / 2 = 0.75 for the pick up

 0.71 *  ( 3 / 2 = 0.62 for the anti-out of step

4 - 2 - 2 - Reckoning of the focal distance of an ellipse in relation with its eccentricity.

We write the parametric equation of the ellipse, defined by a focal distance f, and an eccentricity E. 




            


f
j * 
Its centre affix is:
   

AC =           * e







2








___    ___    ___

The point M describing the ellipse is defined by:

AM = AC + CM





___
f
j * 





AM = 
       * e

+ CK * sin + CB * cos 





2

M describes the ellipse when  varies

          ___        f
       j * 
f

       j * 
Now  CK = 
 * e
 and   CB = - j * 
        *  ( 1 - E²
* e


      2 * E

            2 * E

        

thus the affix of the point M in relation with  :

___
     f
       j * 
  sin 
          cos 

        0.9

j * 
AM    = 
             * e
  * (1 + 

- j * 
       *  ( 1 - E²    )  (
* Ni * e


     2 


     E

E

        1.1








    K

Thus the compatibility equation between

the ellipse and the point Ni 



          M







                   C            







   B






           A       


f
  j * (i
  sin 
          cos 

        0.9

j * i


        * e  
    * (1 + 
- j * 
       *  ( 1 - E²    )  =
* Ni * e


2 


     E

E

        1.1

it is a complex equation with 2 unknown,  and f. It can also be written:





2 * Ni * E        0.9          - j * (i
E + sin - j * cos *  ( 1 - E² =

   *   
   * e





      f
          1.1

The second term does not depend on . The complex equation is split into 2 real equations:


         2 * N * E
      0.9

E + sin =

*
* cos (i


f
      1.1



    2 * N * E
0.9

cos * ( 1 - E² = -
       *
         * sin (i


           f

1.1

from which we draw cos  and sin  . We write then that cos²  + sin² = 1


   2 * Ni
     0.9


       [2 * Ni * E * (0.9 / 1.1)² * sin (i²

1 = E² * [
*
* cos (i² + 





(1)


       f
     1.1




f² * (1 - E²)

It is a second degree equation with which we obtain t as a function of E for each point Ni. 

4 - 2 - 3 - Application to the out of step ellipse

Its eccentricity, in the reference plan, has the value: Ep * ( 3  / 2

Its large axis has with the R axis an angle  equal to  - 30°

The equation (1) becomes: 


         9

 1.1
            ( 3
  1.1



            Ni² * sin² (i
(1 -       * Ep² ) * (      )² * f ² + 3 *       * Ep *         * f  - 3 * Ni² * cos² (i- 3 *


    = 0

        16

 0.9
 
2
   0.9




  1 - 0.75 * Ep²

This equation gives us a value f  for each value of the eccentricity Ep. We put them in the board below. 

	Ep
	E10 = 0.65
	E20 = 0.68
	E30 = 0.71
	E40 = 0.72
	E50 = 0.73

	E
	E1 = 0.8
	E2 = 0.83
	E3 = 0.87
	E4 = 0.88
	E5 = 0.9

	f
	f1
	f2
	f3
	f4
	f5


We replace  f1, ....f5 by the value immediately inferior chosen in the board of   § 313 and we choose the couple of values with the minimal eccentricity giving a reach higher than 1.3 times the second zone reach (see § 5-1-2 )

If the relay has no out of step, the considered ellipse is the pick up one, with the eccentricity  E * ( 3  / 2

The program  Umbrella gives, considering the implementation constraints of the relay, the following results:

focal distance  


= 66  
«primary », 

i. e. 
12  
«secondary »,

Pick up eccentricity 

= 0.88
Anti-out of step eccentricity 
= 0.72
4 - 3 - Study of single phase load report on a meshed double circuit line
At § 15, we saw that the zero sequence current module used for switching the pick up and distance loops was a percentage relay. The relay remains thus supplied on the phase to phase loops during a single phase load report. This case is less constraining than the preceding one. 

4 - 4 - Supply of  a  customer.

In that case, the relay has no image, and the pick up and out of step circles are centred on the origin. The compatibility inequation is then:



  ( 3
 0.9
N1

MRAP (          * 
        * 


MR = MRAP / 1.5



   2
 1.1
 kz

where N1 is the radius of the circle limiting the transit area, i. e.:


         Vmin


N1 = 


It being the total current running both lines supplying the customer.

           
             It
4 - 5 - Link between a power plant and a substation

The RXAP is not used for these links
5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 ( 4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we have :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 
6 - Timers 
: see § 34
The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Circular relay
7 - 1 - 1 - Maximal detectable resistance


- close to the relay (point H of the diagram of § 23)

We solve the triangle AcH, and we find :


Rf = 2 * Zi * cos  + 2 * ( MR² - Zi² * sin² 





(1)


- on the first zone limit (point H' of the diagram of § 23)
We write that  Ac + cH' = AB + BH'


   j * 


       j * 
2 * Zi * e

2 * MR * e

 j * 
             RF



+


= ZL * e

+ 

1 + ko_relay

1 + ko_ relay


        1 + ko_ relay

We separate the real part from the imaginary part and we write that cos²   + sin ²  =1
RF²-2*RF*[2*Zi*cos  - (1+ko)*ZL*cos ]+4*Zi² +(1+ko)²* ZL²-4*Zi*ZL*(1+ko)*cos ()-4*MR² = 0

that is, by putting 

b = 2 * Zi * cos  - (1 + ko relay) * ZL * cos 
c = 4 * Zi² + (1 + ko relay)² * ZL² - 4 * Zi * ZL * (1 + ko) * cos () - 4 * MR²

RF = b ( ( b² - c
(2)

7 - 1 - 2 - Maximal reach in case of solid fault


- phase to phase fault (see § 21)

Forward reach: 
AK² =
Zi² + MR² + 2 * Zi * MR * cos (




(3)

Backward reach: 
AL² =
Zi² + MR² - 2 * Zi * MR * cos (




(4)


- three phase fault or balanced operation (see § 22)

 Forward reach: 
AK = (2/( 3) * [Zi * cos (30°) +  ( MR² - Zi² * sin² ( 30°)   ] 

(5)

 Backward reach: 
AL = (2/( 3) * [- Zi * cos (30°) +  ( MR² - Zi² * sin² ( 30°)   ] 

 (6)


- phase to earth fault (see § 23)





2




 Forward reach: 
AK =  


  * [Zi * cos () +  ( MR² - Zi² * sin² ()   ] 

(7)

1 + ko_relay





2




 Backward reach: 
AL =  


  * [ - Zi * cos () +  ( MR² - Zi² * sin² ()   ] 
(8)

1 + ko_relay

 


- anti-out of step reach. It is deducted from maximal reach in case of  balanced operation by replacing: 

MR  
by 
MRAP = 1.5 * MR

7 - 2 - Elliptic relay

7 -2 - 1 - Maximal detectable resistance
The ellipse equation is, for the phase to earth faults:


___
         f 

        j * 
cos 
         sin 

AM =


* e
   * (1 + 

- j * 
     * ( 1 - E² )

(1)



            1 + ko_relay

    
   E
            E

- fault close to the relay

to find the maximal detectable resistance near the close substation (point H of the diagram of § 26), we write that the value of AM  is Rf / (1 + ko_relay), which is real. the equation (1) becomes:


- j*
           cos 
     sin 
RF * e

= 1 + 
         - j * 
  * ( 1 - E²


   f

E
        E

By separating the real part from the imaginary part, we obtain:


RF * cos 
E * (

        - 1) = cos 

       f

     E
         RF * sin 

  *

= sin 
( 1 - E²

f

By writing that cos²  + sin² we obtain the equation giving RF



f * cos  * (1 - E²)
      f² * (1 - E²)²

RF² - 2 * RF * 


   - 


       = 0



  1 - E² * cos² 
          E² * ( 1 - E² * cos ² )

We put



f * cos  * (1 - E²)


      f² * (1 - E²)²


b = 




c = 



    1 - E² * cos² 



E² * ( 1 - E² * cos ² )


RF =  b ( ( b² + c
- fault on the remote end












___

To find the maximal detectable resistance on the remote end, (point H' of the diagram § 26), we write that AM is equal to the sum of  ZL and  Rf / (1 + ko_relay)  which is real:                

The equation (1) may be written


- j * 


             j * () 

[RF * e 

+ (1 + ko_relay) * ZL * e 

] * E = f * ( E + cos  - j * sin  * ( 1 - E² )

Thus, by separating the real part from the imaginary part:

[RF * cos  + (1 + ko_relay) * ZL * cos  () ] * E = f * ( E + cos )

[RF * sin  + (1 + ko_relay) * ZL * sin  () ] * E = - f * (( 1 - E²  * sin )

We write then  
cos²  sin ²


  [RF*cos + (1+ko_prot)* ZL*cos  ()-f] * E             [RF*sin  + (1+ko_prot)*ZL*sin ()]*E

[




             ]² +  [




           ]² = 1



     f





f * ( 1 - E²

thus, by putting: 

a1 = (1 + ko_relay) * ZL * cos  () - f
or, if   : 
a1 = (1 + ko_ relay) * ZL  - f

a2 = (1 + ko_ relay) * ZL * sin  ()
or, if   : 
a2 = 0

we find the equation giving  RF:

RF² *E² * (1-E² *cos² ) + 2*RF * (a1*cos *E² *(1-E²)+ a2*sin  * E²) + (a1²*E² - f²) * (1-E²) + a2² * E² = 0

Let us call :


a1 *cos  * (1-E²)+ a2 * sin  



          

b = -








           1- E² *cos² 







     (a1² * E² - f²) * (1-E²) + a2² * E²






c = -





 



E² * (1- E² *cos² )





so we find:
Rf =
 b ( ( b² + c

7 - 2 - 2 - Maximal reach in case of solid fault


- phase to phase fault (see § 24)




f
   f

Forward reach:
AK =  (

sin 






(1)
2
2 * E






  f
   f

Backward reach:
AL =  (-

sin 






(2)
  2
2 * E





- three phase fault or balanced operation (see § 25)

Portée aval : 




f * (4 - 3 * E² )







AK = 











(3)


E * [4 * ( 3  - 6 * E * (cos ( -  + 30°) ] 




Portée amont:



f * (4 - 3 * E² )







AL = 











(4)


E * [4 * ( 3  + 6 * E * (cos ( -  + 30°) ] 





- phase to earth fault (see § 26)





f
   

f

Forward reach:
AK =  (





sin 


(5)
1 + ko_relay        

(1 + ko_relay) * E






f
   
           f

 Backward reach: AL =  (-





sin 




 1 + ko_relay        
(1 + ko_relay) * E





- anti-out of step reach.

It is deducted from maximal reach in case of  balanced operation by replacing: 

E  
by   
Ep 

8 - Satisfaction of the conditions expressed in the  setting guidebook
8 - 1 - Circular pick up

8 - 1 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

The most constraining case is the phase to phase fault. We use then the formula n° 3 of § 712 to determine AK, and we check the inequality:

X_ forward = AK * sin ,  > 1.3 * X2      X_ forward being the projection of AK on the reactance axis (see § 21)

for the phase to phase faults which are the most constraining.


If this condition cannot be performed, we choose an elliptic relay, or another type of relay. 

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

In that case, two constraint appear:


- the phase to earth fault is the most constraining for the pick up. We use then the formula n° 7 of § 712.


- the phase to phase fault may activate the anti-out of step. We use then the formula n° 3 of  § 712 in which we replace MR by MRAP, to determine AK. But this constraint exists only if the transformer has a YY coupling, directly earthed on both sides.

We check then the inequality:


1.15 * AK * sin  < 0.9 * Zl * sin  + 0.8 * Xdmini_transfo_ forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up at the greatest possible value, considering the preceding constraints.


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping by pick up. The RXAP is not concerned. 

8 - 1 -  2 - Resistive reach

- condition a : « If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic» . This constraint does not concern the  RXAP.

- condition b : « On the two ended substations the resistive reach of the relay ensuring the remote back up must be shorter than the one of the relay operation normally».

For this we use the formulae n° 1 and 2 of  §  711










A

B

C

For a fault at B, the resistive reach of the relay located at A must be lower than the resistive reach of the one located at B. 
8 -1 -  3 - Backward pick up

Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than backward out-of-step one»

By design, the RXAP answers this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»

As before, two constraints appear:

- the phase to earth fault is the most constraining for the pick up. We use then the formula n° 8 of § 712.


- the phase to phase fault may activate the anti-out of step. We use then the formula n° 4 of  § 712 in which we replace MR by MRAP, to determine AL. But this constraint exists only if the transformer has a YY coupling, directly earthed on both sides.

We check then the inequality:


1.15 * AL * sin  < 0.8 * Xdmini_transfo_backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition is irrelevant for the RXAP.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.».

The most constraining case is the phase to phase fault. In that case we have, considering the error measurements: 


0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL

8 - 2 - Elliptic pick up

8 - 2 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

The most constraining case is the one of the phase to phase fault. We use then the formula n° 3 of § 722 to determine AK, and we check the inequality:

X_forward = AK * sin   > 1.3 * X2
 X_ forward being the projection of AK on the reactance axis (see  § 21)

for the phase to phase faults which are the most constraining.


If this condition cannot be performed, we choose another type of relay.

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

In that case, two constraint appear:


- the phase to earth fault is the most constraining for the pick up. We use then the formula n° 7 of  §722.

- the phase to phase fault may activate the anti-out of step. We use then the formula n° 3 of   § 722.in which we replace MR by MRAP, to determine AK. But this constraint exists only if the transformer has a YY coupling, directly earthed on both sides.

We check then the inequality:


1.15 * AK * sin  < 0.9 * Zl * sin  + 0.8 * Xdmini_transfo_ forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up at the greatest possible value, considering the preceding constraints.


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping by pick up. The RXAP is not concerned.

8 - 2 -  2 - Resistive reach

- condition a : « If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic» . This constraint does not concern the  RXAP. 

- condition b : « On the two ended substations the resistive reach of the relay ensuring the remote back up must be shorter than the one of the relay operation normally».

For this we use the formulae n°1 and 2 of  §  721









A

B

C

For a fault at B, the resistive reach of the relay located at A must be lower than the resistive reach of the one located at B.

8 -2 - 3 - Backward pick up

Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By design, the RXAP answers this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»

As before, two constraints appear:

- the phase to earth fault is the most constraining for the pick up. We use then the formula n° 8 of § 722.


- the phase to phase fault may activate the anti-out of step. We use then the formula n° 4 of  § 722.in which we replace MR by MRAP, to determine AL. But this constraint exists only if the transformer has a YY coupling, directly earthed on both sides.

We check then the inequality:


1.15 * AL * sin  < 0.8 * Xdmini_transfo_backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition is irrelevant for the RXAP.


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.».

The most constraining case is the phase to phase fault. In that case we have, considering the error measurements:


0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL

7 SA 511

1 - Input data

1 - 1 - Pick up

The input data are the data used for the distance measurement, i. e.:


for phase to earth loops


for phase to phase loops



Vrn 
and 
Irn + ko * Ig

Vr - Vy 
and 
Ir - Iy



Vyn 
and 
Iyn + ko * Ig

Vy - Vb 
and 
Iy - Ib



Vbn 
and 
Ibn + ko * Ig

Vb - Vr 
and 
Ib - Ir

The impedance plan considered is the reference plan.

The characteristics are rectangles made of horizontal and vertical lines. their width (resistive reach) may be set separately on the phase to phase and on the phase to earth loops. More, the rectangles may be modified as follows:
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X forward
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ae
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X backward






   X - A











scale 1 cm = 10 
phase to phase loop



 
phase to earth loop

The implemented argument   of the line impedance  ZdL is not used for the pick up.

The earth factor is characterised by 2 values:



1         Ro


1
 Xo


kor = 
     * (
    - 1)  
and
kox = 
      *  (
           - 1)



3         Rf


3
 Xd



kor * Rf ² + kox * Xd²

Rf * Xd * (kox - kor)

 i. e. 
ko =



+ j *   



      Rf ² + Xd²


       Rf ² + Xd²

The loop equations are then, in instantaneous values:






         d (ir + kox * ig)



vr = rf * (ir + kor * ig) + xd *  







    dt

To stay simple, we retain generally = kox = ko.

Numeric application:

        
- line 400 kV, positive sequence impedance ZL = 25 , maximal steady state transit current  2000 A, earth factor ko = 2 / 3, and argument  = 85 °. The ratio between primary impedance and secondary impedance  kz is equal to 2, which corresponds to a transformer ratio of 2000 / 1A. 


- We choose a priori the following settings:

. forward reach, in reactance:  40 , 

. backward reach, in reactance:  30 ,

. resistance 
RA1 
= 7.5 ;

RA2  
= 10 ;

 
= 50°;



RA1E 
= 10 ;

RA2E 
= 17.5 ; 
E 
= 30°.

1 - 2 - Anti-out of step

This function is obtained from the pick up characteristic of the loop ry and from the external anti-out of step, having the same shape, and surrounding it entirely. 













R









1 - 3 - Phase selection

It is achieved from the pick up loops and the residual current threshold. In case of phase to phase to earth fault, a parameter gives an information allowing the relay to know if the distance measurement must be done on the phase to phase loop, or on the "leading" phase to earth loop, or on the "lagging" phase to earth loop.   

The residual current threshold is a percentage threshold: 


Ir >  0.25 * Iph


Iph being the highest phasor current 

&


Ir > Is * In


Is being a settable threshold

1 - 4 - Distance measurement

The pilot current is the same as the image current. The different zones are given by rectangles. The measurement considers that ko may be complex.

The relay does not consider the line argument. the implemented fault resistance values are measured from the reactance axis.

1 - 5 - Direction

It is obtained by comparing the phase of the faulty loop current and the "cross" voltage (as an example Vry and Ib, Vr and Iy - Ib, ...), itself memorised to answer the case of solid three phase fault. The inversion straight line corresponds to a phase difference of 45° between the voltage and the current. 

2 - Drawing of the characteristics in case of fault.

2 - 1 - Pick up in case of fault between the phases r and y, supplied by one side, and without burden
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scale 1 cm = 10 
The maximal detectable fault resistance without burden is:



Rf = 2 * (RA2 - Xd * cos )

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.

The diagram is the same

The maximal detectable fault resistance without burden is:



Rf = RA2 - Xd * cos 
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2 - 3 - Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden
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scale 1 cm = 10 
The maximal detectable fault resistance without burden is:



Rf =  (1 + ko) * (RA1E - Xd * cos  )

3 - Setting parameters

These parameters are written and red in the relay thanks to a terminal on the front face, or a personal computer. To each of these parameters is joined a code, which is repeated here.

Only the parameters useful for the functioning of the relay are noted here. 

3 - 1 - Characteristics of the reducers
	
	code
	range

	rated primary voltage
	1103
	1 to 1200 kV

	rated secondary voltage
	1104
	80 to 125 V

	rated primary current
	1105
	10 to 5000 A

	rated secondary current
	1106 (?)
	1 or 5 A


The following parameters, wen they are noted in Ohm, are always secondary Ohm, if the rated secondary current is 1 A. If  it is 5 A, the relay does itself the correction. 

3 - 2 - Characteristic of the line

	
	code
	range

	Ro / Rd
	1117
	- 7 to + 7

	Xo / Xd
	1118
	- 7 to + 7

	R_mutual / Rd
	1119
	- 7 to + 7

	X_mutual / Xd
	1120
	- 7 to + 7

	per unit positive sequence reactance 
	1122
	0.01 to 5  / km

	length
	1124
	1 to 550 km


3 - 3 - Zones

- first  zone

	
	
	code
	range

	R1
	phase to phase resistance of zone 1
	1301 *
	0.05 to 65 

	X1
	reactance of zone 1
	        1302
	0.05 to 130 

	R1E
	phase to earth resistance of zone 1
	1303 *
	0.05 to 130 

	T1_1PH
	first zone delay for phase to earth fault
	        1305
	0 to 32 s

	T1 > 1PH
	first zone delay for multi-phase fault
	        1306
	0 to 32 s



- second zone

	
	
	code
	range

	R2
	phase to phase resistance of zone 2
	1311 *
	0.05 to 65 

	X2
	reactance of zone 2
	        1312
	0.05 to 130 

	R2E
	phase to earth resistance of zone 2
	1313 *
	0.05 to 130 

	T2_1PH
	second zone delay for phase to earth fault
	        1315
	0 to 32 s

	T2 > 1PH
	second zone delay for multi-phase fault
	        1316
	0 to 32 s



- lengthened first zone

	
	
	code
	range

	R1B
	phase to phase resistance of zone 1 lengthened
	1401 *
	0.05 to 65 

	X1B
	reactance of zone 1 lengthened
	        1402
	0.05 to 130 

	R1BE
	phase to earth resistance of zone 1 lengthened
	1403 *
	0.05 to 130 

	T1B_1PH
	lengthened first zone delay for phase to earth fault
	        1405
	0 to 32 s

	T1B > 1PH
	lengthened first zone delay for multi-phase fault
	        1406
	0 to 32 s


3 - 4 - Pick up

	
	
	Code
	range

	Ie >
	minimal residual current
	1602
	0.1 * In à In 

	Iph >
	minimal phasor current
	1621
	0.1 * In à In

	X + A
	forward reactance 
	1622
	0.1 à 200 

	X - A
	back ward reactance
	1623
	0.1 à 200 

	RA1
	zone 1 phase to phase resistance,  =< A
	1624 *
	0.1 à 200 

	RA2
	zone 1 phase to phase resistance,  => A
	1625 *
	0.1 à 200 

	RA1E
	zone 1 phase to earth resistance,  =< A
	1626 *
	0.1 à 200 

	RA2E
	zone 1 phase to earth resistance,  => A
	1627 * 
	0.1 à 200 

	PHIA
	A
	1628
	30 à 80°

	PHIAE
	AE
	1629
	30 à 80°

	T4
	tripping delay on forward pick up
	1203
	0 à 32 s

	T5
	tripping delay on backward pick up
	1204
	0 à 32 s


3 - 5 - Anti-out of step
	
	code 
	range

	Program of blocking by anti-out of step
	2002
	blocking  of  - every zone

                      - first zone only

                  - every zone but the first one

	
	2003
	0.1 à 50 

	dr / dt = impedance variation speed
	2004
	0 to 200  / s

	P / S T-ACT = blocking duration of the relay
	2005
	0.01 à 32 s


3 - 6 - Signalling schemes

- Acceleration scheme

	
	code
	range

	Permissive underreach transfer trip
	2101
	on / off

	signal prolongation emission delay
	2103
	0.01 to 32 s

	signal prolongation reception delay
	2104
	0  to  32 s


- Blocking overreach

	
	code
	range

	independent first zone
	2201
	on / off

	blocking on lengthened firs zone
	2202
	on / off

	blocking signal prolongation reception delay
	2203
	0.01 to 32 s

	blocking signal prolongation emission delay
	2206
	0.01 to 32 s


* The resistance values noted with an asterisk correspond to the half of the maximal detectable fault resistance without burden for the phase to phase faults, and to Rf / (1 + ko) for the phase to earth faults.

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics


- data  "network"

The impedance plan used is the phase to phase loop reference plan.
The circle C1 has its centre on A, close end of the line. 

The circle C2 has its centre on B, remote end of the line, with the affix ZL 

Their radius is Vmin / (C * It), C being the load report factor defined on § 113, appendix 2.  In the numeric example, C = 1.7, and the radius is 61 . 

The circle C3 has its centre on 3, affix ZL * Vmax²  / (Vmax²  - Vmin² ),       
i. e.   94.2   85 ° 

The circle C4 has its centre on 4, affix ZL  * Vmin²  / (Vmin²   - Vmax² ),
i. e. - 69.2  85°

Their radius is ZL * Vmax * Vmin / (Vmax² - Vmin² ), 


i. e.    80.7 . 
The single phase load report  C' value is 2.06  (see definition in appendix 2, § 11 et 12)
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scale 1 cm = 20 
- Data "relay"

It is the characteristic obtained for the multi-phase faults, surrounded by the anti-out of step characteristic. 

We must check that the anti-out of step characteristic does not overflow the overload area. For that we check the position of this characteristic in relation with the 6 points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined at  § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

 4 - 1 - 2 - Reckoning of the bandwidth

- preliminaries : compatibility between a neuralgic point and a vertical band.
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The segment AH is linked to the segment AM by:


AH = AM * cos 
and, to respect the security margins recommended by the setting guidebook, you must have:







0.9


0.9 * AN > 1.1 * AM
thus
AH < 

* cos  * AN







1.1

- Writing of the compatibility inequation

We compare the position of the line HM with the points N1, N3, N5, and then of its symmetric in relation with A with the points N2, N4, N6. We obtain equations such as



          0.9


AH = AH'  <
    * ANi * cos i 


          1.1
We choose for AH the lowest value. This value is RA1 +  R. The angle A is determined by A > the highest value of i   + 5°.

We choose then RA2 by such a way that it answers the condition described by the diagram below:











         A            




  tg A


RA1 = RA2 * (1 -  
)




    tg 
- Determination of the width  R of the anti-out of step  band.

In most of the relays, the width of the anti-out of step gap is fixed. In the  7 SA 511 it can be set.

Let us consider a simplified network:


         E1

         Zcc1


ZL


Zcc2

      E2

The electromotive force E1, with the same module as E2, turns in relation with E1 at an angular speed . The impedance values are supposed having all the same argument.

We reckon the positive sequence impedance seen from point  A:

Vd
         Zcc1 + ZL + Zcc2

1





           *t

        =  Zd = 

            - Zcc1 =        * ((ZL + Zcc2 - Zcc1) + j * (Zcc1 + ZL + Zcc2) * cotg 

Id

      j *  * t

2






2


          1 - e

When t varies, Zd describes the line perpendicular to the line image.
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     ( ZL
trajectory of the

functioning point
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       D1
  
   D2

The point representing the impedance must cut the line D2 after a time t superior to a given threshold, that we choose equal to 15 ms, after having cut the line D1. 

We look for the width of R beyond which the relay becomes insensitive to a loss of synchronism having an angular speed  .

This speed varies with RA2. It is maximal for RA2 = 0

More, we suppose that  =  / 2 

The equations giving the instants where the impedance point cuts the lines D1 and D2 are:






         * (t - t)


2 * R =  Zcc1 + ZL + Zcc2 * cotg 







 2





             * t

0 =  Zcc1 + ZL + Zcc2 * cotg 






 2

The second equation gives  * t = 
The first equation becomes then:






    * t


2 * R =  Zcc1 + ZL + Zcc2 * tg 






       2

We remark that  Zcc1 + Zcc2 = zs1 + zs2 + 2 * zsmini, with the same notations as § 113 of appendix 2. Thus, by supposing that    *  t / 2 is little:



R / t  * ( zs1 + zs2 + 2*zsmini + ZL) *  / 2




 

In the numeric example, we find, for  = 4 Hz, and observing the formula (10) of § 113, annexe 2:



 R / t   480  / s, 
or, for t = 15 ms, 
R 
The setting range of R / T does not exceed 200  / s in ohm "secondary", i. e. 400  / s in ohm "Primary" in the chosen example. We retain systematically  R / T = 200, and R = 3  secondary.


The anti-out of step function may block the tripping either on the first zone, normal or lengthened, or on every zone, or on every zone but the first one.  

The program  Umbrella gives the following results:


RA1 
= 37.72  
«primary », 

or 
18.86  
«secondary »,

RA2 
= 44.62  
«primary», 

or 
22.31  
«secondary»,
RA1E 
= 43.72  
«primary», 

or 
21.86  
«secondary»,

RA2E 
= 51.72  
«primary», 

or 
25.86 
«secondary»,
4 - 2 - Study of single phase load report on a meshed double circuit line.
As the residual current module has a percentage threshold, insensitive to the single phase load report, this case is not constraining. We set arbitrarily the phase to earth bandwidth at the same values as the anti-out of step characteristic.


4 - 3 - Supply of a  customer.

We compare the position of each vertex (in fact the point S) of the anti-out of step parallellogram (see § 22) in relation with the circle defining the transit area. 
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     X3+R
        S
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        A




Let us call N1 the radius of the circle limiting this area:


N1 = Vmin / It 

It being the total current running both lines which supply the customer.

The  compatibility of the point S with the circle is given by: 

    1.1      __

[          * AS ]²  ( N1²


    0.9

Or: 
RA2 ( ( (N1 * 0.9 / 1.1)² - (X3 + R)²   - R

We choose then  RA1E = RA2E = RA2 + R
4 - 4 - Link between a power plant and a substation

The neuralgic points are defined on § 226, appendix 2. Solely the points N1 and N2 are considered.

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 ( 4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 

X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

 6 - Timers

They are a function of the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

7 - Reckoning of the data characterising the relay behaviour

7 - 1 - Maximal detectable resistance near the substation


Rf phase to phase

= 
RA1 


Rf phase to earth
 

= 
 RA1E


7 - 2 - Maximal detectable resistance on first zone limit


Rf phase to phase

= RA2 - X1 * cos 
Rf phase to earth
 

= RA2E - X1 * cos 
i. e. in ratio in relation with the first zone


  (phase to phase)
 
=  RA2 / X1 -  cos 


  (phase to earth)

 = RA2E / X1 -  cos 




7 - 3 - Maximal reach in case of solid fault


Forward

AK = (X + A) / sin 
(see § 21, 22, 23)


Backward
AL = (X - A) / sin
8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequality


AK > 1.3 * Z2
or, on the reactance axis

X + A > 1.3 * X2 

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»



1.15 * (X + A + R) 
< 
0.9 * XL + 0.8 * Xdmini_transfo_forward

or, a minima
1.15 * (X + A) 

<
0.9 * XL + 0.8 * Xdmini_transfo_ forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

The 7 SA 511 is not concerned


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays for which the anti-out of step blocks the tripping by pick up. The  7 SA 511 is not concerned.

8 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The 7 SA 511 is not concerned

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

By design, the 7 SA 511 answer this constraint.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»



1.15 * (X + A + R)
< 
0.8 * Xdmini_transfo_backward

or, a minima
1.15 * (X + A) 

< 
0.8 * Xdmini_transfo_backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

The inversion line is perpendicular to the line image, thus: 


- for phase to phase faults:

X - A   >   R1A = Rf phase to phase at close substation / 2

- for phase to earth faults:

X - A   >   R1AE = Rf phase to earth at close substation / (1 + ko)


We retain X4 > 0.3 * RN3 
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condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain:


0.85 * (X - A) (P1) > 1.15 * X1 (P2) - 0.95 * XL

REL  100

The relay REL 100 is a digital relay with 6 measuring loops, used on the 225 kV, 90 kV, and 63 kV networks.

1 - Input data

The relay contains, for each loop, 5 characteristics elaborated according to the same principles: three are oriented forward, and the two others can be oriented either forward or backward, or even without direction. In the last case, they have the same reach forward and backward. 

1 - 1 - Pick up

It is the envelope of the characteristics. Each of them is a quadrilateral limited by an horizontal line, a vertical line, and two slanting lines. The elaboration of the horizontal lines, as well as the vertical lines of the phase to phase loops, uses the same data as the ones used for the measuring loops, i. e.: 

phase to phase loops





phase to earth loops

          
(Vr - Vy)  and   (Ir - Iy)                                     


Vr  and  (Ir + ko * Ig)

          
(Vy - Vb)  and   (Iy - Ib)                                        


Vy  and  (Iy + ko * Ig)

          
(Vb - Vr)  and   (Ib - Ir)                                         


Vb  and  (Ib + ko * Ig)

The elaboration of the vertical lines of the phase to earth loops uses the data:


Vr and Ir
;
Vy and Iy;
Vb and Ib 

The setting of the vertical lines may be different between the phase to earth loops and the phase to phase loops.

The slanting lines elaborate the directional function.

In what follows, we suppose that the pick up is formed with the third zone characteristic, oriented forward, and the fourth characteristic, oriented backward. The fifth zone is not used.

Numeric application:

        
- line 225 kV, positive sequence impedance ZL = 25 , argument = 75 °, steady state maximal transit current  1000 A, earth factor ko = 2 / 3, mutual zero sequence inductance factor 0.4. The value of the factor kz is 1.1, which corresponds to a current transformer ratio of 2000 / 1.

we choose  a priori, to draw the diagrams
        
- forward reach, in reactance:    



Xv = 37.5 , 

        
- backward reach, in reactance:    
        


Xm = 12.5 
- phase to earth resistive reach:



RN3 = 40 .

        
- multi-phase resistive reach:



R3 = 20 .

1 - 2 - Anti-out of step

It is performed thanks to two impedance characteristics, drawn in the impedance reference plan of the loop ry, fit into each other . The internal characteristic may be chosen so as it exactly coincides with the pick up characteristic, except the directional lines. The external characteristic is obtained from the internal one by an homothety of ratio 1.25. The anti-out of step is detected when the transit time between both characteristics is higher than 25 ms. Th anti-out of step blocks the tripping if the residual current is so that:   


- either
Ir <  0.4 * Iph,
Iph being the current of the less loaded phase, 


- or
Ir < 0.15 * In

The relay sends no tripping order on loss of synchronism appearing during a single phase reclosing cycle. 

we choose a priori

- resistive reach of the anti-out of step: 



RPSB =
24 

- reactive reach of the anti-out of step:



XPSB = 40 
1 - 3 - Direction


The determination of the fault direction on the phase r to earth loop is performed by comparing the phase of the positive sequence voltage relative to the phase r to the one of the current Ir. The phase difference must be situated, for the forward faults, between - 15° and 105 °. On the phase to phase loops, the equation is not given in the manufacturer guidebook. We may suppose that the determination of the direction is performed by comparing, for example on the loop rb, , Vdr - Vdb to the current Ir - Ib.

So as the system operates correctly in case of three phase fault, the positive sequence voltages contain 80 % of positive sequence non memorised voltage, and 20% of positive sequence memorised voltage. 

1 - 4 - Phase selection

It uses characteristics similar to the ones used for the pick up loops. However, these characteristics are not drawn in the same plan:


- The lines limiting the reactance ( horizontal line) and the resistance (vertical line) on the phase to earth loops are drawn in the Vr / Ir, ... impedance plan;








  Xnph








Rnph



- the lines limiting the reactance (horizontal line)  and the resistance (slanting line with a slope of 70°) on the phase to phase loops are drawn in the impedance plan (Vr - Vb) / Ir. 






            Xph









      70°









Rph

- The quadrilaterals are completed by the directional straight lines. 

The choice between the phase to phase and phase to earth loops is performed thanks to a residual current module with a fixed threshold, settable from 0.2 * In to 2 * In

1 - 5 - Distance measurement

It is performed by the pick up characteristics, and also by the zone1 and 2 characteristics, elaborated following the same principle. Let us notice however that the phase to earth (RN1 and RN2) and phase to phase (R1 and R2) resistance values are chosen independently from the one of the pick up. 

2 - Drawing of the characteristics in case of fault.


2-1- Pick up in case of fault between the phases r and y, supplied by one side, and without burden


The forward and backward reaches are equal to the setting values of the third and fourth zone.

The maximal detectable resistance of the phase to phase fault Rfbi at a point M of the line is linked to the bandwidth by:


Rf bi = 2 * (R3 - XdM * cos)

where XdM is the positive sequence reactance of the segment AM.

The slanting lines are performed by the directional function, for which we admit, for drawing facilities, that    Vdr - Vdb has the same phase as Vr - Vb, ... In fact this is generally not exact, but has no influence on the settings. 
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The anti-out of step characteristic, drawn in blue, surrounds the pick up characteristic. 

The phase selection phase to phase characteristic, in violet, is obtained from the one of § 1 - 4 thanks to an homothety with a ratio 1 / 2

2 - 2 - Pick up in case of three phase fault, or in case of safe operation.

The forward and backward reaches are equal to the setting values of third and fourth zone.

The three phase fault maximal detectable resistance Rf tri at a  point M of the line is linked to the bandwidth by:


Rf tri = R3 - XdM * cos
where XdM is the positive sequence reactance of the segment AM.

The slanting lines are elaborated by the directional function for which, for the loop ry e. g., Vdr - Vdb has the same phase as Vr - Vb. 
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The anti-out of step characteristic, drawn in blue, surrounds the pick up circle 

The phase selection on the phase to phase loops, in violet, is obtained from the one of  § 1 - 4  by a complex homothety with a ratio  1 / ( 3 and an angle 30 °

2-3- Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

The forward and backward reaches are equal to the setting values of third and fourth zone.

The maximal detectable phase to phase fault resistance Rfmono at a  point M of the line is linked to the bandwidth by::


Rf mono = RN3 - XdM * cos * (1 + ko)

where XdM is the positive sequence reactance of segment AM.

The slanting lines are performed by the directional function, for which we admit, for drawing facilities, that Vdr has the same phase as Vr, ... . In fact, it is generally not the case, but it has no influence on the settings. 
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The anti-out of step characteristic is not drawn, as it has no action in that case. 

The phase selection on the phase to phase loops, in green, is obtained from those of § 1 - 4  by an homothety of ratio 1 / (1 + ko_ relay)

 (ko_ relay is the earth factor implemented on the relay for the forward pick up, i. e. KN3 - see § 3 - 2)

3 - Setting parameters

note : Only the data useful to the setting, and susceptible of changing from one EDF installation to another, are noted. The figures are drawn from the relay guidebook, § "man machine communication". 

3 - 1 - Parameters given for information only

2.130
primary current

CTPrim
= 
---- 
A  

(1 à 9999)

2.131
secondary current 
CTSec
=
    - 
A

(1 or 5 A)

2.132
primary voltage

VTPrim 
=
  --- 
kV

(1 à 999)

2.133
secondary voltage
VTSec
=
  ---
V

(100 or 110)

2.138
line length

Length
=
  ---,--
km

(0.00 à 1000)

2.139
secondary positive sequence line reactance 





X1
=
----,---
Ohm

(0.001 à 1500)

2.140
secondary positive sequence line resistance





R1
=
----,---
Ohm

(0.001 à 1500)

2.141
secondary zero sequence line reactance





Xo
=
----,---
Ohm

(0.001 à 1500)

2.142
secondary zero sequence line resistance





Ro
=
----,---
Ohm

(0.001 à 1500)

2.143
secondary positive sequence backward source reactance





XA
=
----,--
Ohm

(0.01 à 1500)

2.144
secondary positive sequence backward source resistance





RA
=
----,--
Ohm

(0.01 à 1500)

2.145
secondary positive sequence forward source reactance





XB
=
----,--
Ohm

(0.01 à 1500)

2.146
secondary positive sequence forward source resistance





RB
=
----,--
Ohm

(0.01 à 1500)

3 - 2 - Parameters effectively used in the relay

2.151
choice of the signalling scheme
0 
= 
no signalling scheme






2 
= 
acceleration scheme






6
=
blocking overreach with independent first zone






8
= 
blocking overreach

2.155
secondary reactive reach of the first zone





X1 
=
---,- 
Ohm

(0.1 à 150.0)

2.156
secondary resistive reach of the first zone on the phase to phase loops





R1 
=
---,- 
Ohm

(0.1 à 150.0)

2.157
first zone earth factor





KN1 
=
   -,--


(0.00 à 3.00) 

2.158
secondary resistive reach of the first zone on the phase to earth loops





RN1 
=
---,- 
Ohm

(0.1 à 150.0)

2.159
the first zone timer is used

Timer T1      =
ON

2.160
first zone timer





T1
=
-,---
second

(0.000 à 10.000)

2.162
secondary reactive reach of the second zone





X2 
=
---,- 
Ohm

(0.1 à 150.0)

2.163
secondary resistive reach of the second zone on the phase to phase loops





R2
=
---,- 
Ohm

(0.1 à 150.0)

2.164
second zone earth factor





KN2 
=
   -,--


(0.00 à 3.00) 

2.165
secondary resistive reach of the second zone on the phase to earth loops





RN2 
=
---,- 
Ohm

(0.1 à 150.0)

2.166
the second zone timer is used

Timer T2      =
ON

2.167
second zone timer





T2
=
-,---
second

(0.000 à 10.000)

2.169
secondary reactive reach of the third zone





X3 
=
---,- 
Ohm

(0.1 à 150.0)

2.170
secondary resistive reach of the third zone on the phase to phase loops





R3
=
---,- 
Ohm

(0.1 à 150.0)

2.171
third zone earth factor





KN3 
=
   -,--


(0.00 à 3.00) 

2.172
secondary resistive reach of the third zone on the phase to earth loops





RN3 
=
---,- 
Ohm

(0.1 à 150.0)

2.173
the third zone timer is used
Timer T3      =
ON

2.174
third zone timer





T3
=
-,---
second

(0.000 à 10.000)

2.178
secondary reactive reach of the fourth zone





X4 
=
---,- 
Ohm

(0.1 à 150.0)

2.179
secondary resistive reach of the fourth zone on the phase to phase loops





R4
=
---,- 
Ohm

(0.1 à 150.0)

2.180
fourth zone earth factor





KN4 
=
   -,--


(0.00 à 3.00) 

2.181
secondary resistive reach of the fourth zone on the phase to earth loops





RN4 
=
---,- 
Ohm

(0.1 à 150.0)

2.182
the fourth  zone timer is used
Timer T4      =
ON

2.183
fourth zone timer





T4
=
-,---
second

(0.000 à 10.000)

2.184
choice of the direction of the fourth zone





Dir 
=
(forward;
reverse;

nondir)

2.190
the fifth  zone timer is not used
Timer 5
        =
OFF

2.202
use of anti-out of step
Operation       =
ON

2.203
reactive reach of the internal characteristic of the anti-out of step





XPSB
=
---,-- 
Ohm

(0.10 à 150.00)

2.204
resistive reach of the internal characteristic of the anti-out of step





RPSB
=
---,-- 
Ohm

(0.10 à 150.00)

2.205
blocking of zone 1 by the anti-out of step

BlockZ1     = 
ON

2.206
blocking of zone 2 by the anti-out of step

BlockZ2     = 
ON

2.207
blocking of zone 3 by the anti-out of step

BlockZ3     = 
ON

2.208
blocking of zone 4 by the anti-out of step

BlockZ4     = 
ON

2.211
reactive reach of the phase to phase loops of the phase selector





Xph
=
---,--
Ohm

(0.10 à 300.00)

2.212
resistive reach of the phase to phase loops of the phase selector





Rph
=
---,--
Ohm

(0.10 à 300.00)

2.213
reactive reach of the phase to earth loops of the phase selector





XNph
=
---,--
Ohm

(0.10 à 300.00)

2.214
resistive reach of the phase to earth loops of the phase selector





XNph
=
---,--
Ohm

(0.10 à 300.00)

2.215
single phase tripping allowed

TripMode  =
(1ph or 3ph)

2.216
choice of the zones where the single phase tripping is allowed

1phTrip
=
(Z1 or Z1&Z2)

2.234
residual current threshold





3Io
(
(20% à 200%)

4 - Pick up width reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1 - Drawing of  the transit, the out of step and the pick up characteristics

- data  "network"

The impedance plan used is the phase to phase loop reference plan.
The circle C1 has its centre on A, close end of the line. 

The circle C2 has its centre on B, remote end of the line, with the affix ZL 

Their radius is Vmin / (C * It), C being the load report factor defined on § 113, appendix 2.  In the numeric example, C = 1.76, and the radius is 66 . 

The circle C3 has its centre on 3, affix ZL * Vmax²  / (Vmax²  - Vmin² ),       
i. e.   78   75 ° 

The circle C4 has its centre on 4, affix ZL  * Vmin²  / (Vmin²   - Vmax² ),
i. e. - 53  75°

Their radius is ZL * Vmax * Vmin / (Vmax² - Vmin² ), 


i. e.    64 .
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scale 1 cm = 20 
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      - Data "relay"

These data are given at § 11 and 12.

We must check that the anti-out of step characteristic does not overflow the overload area. For this, we check its position in relation with the 6 points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined at  § 224 of appendix 2.

- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of the bandwidth

- preliminaries : compatibility between a neuralgic point and a vertical band..
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The segment AH is linked to the segment AM by:


AH = AM * cos 
and, to respect the security margins recommended by the setting guidebook, you must have:







0.9


0.9 * AN > 1.1 * AM
thus
AH < 

* cos  * AN







1.1

- Compatibility inequation

We compare the position of the line HM with the N1, N3, N5, then the position of its symmetric in relation with A with the points N2, N4, N6. We obtain equations such as:



          0.9


AH = AH'  <
    * ANi * cos i 


          1.1

- insensitivity towards the three phase load reports

We retain the lowest value of AH. It is equal to the width of the external characteristic of the anti-out of step. Thus:


R3 = R4 = 0.8 * AHmini if we make coincide the internal anti-out of step characteristic with the pick up.

The program  Umbrella gives, considering the implementation constraints of the relay, the following results:


R3 = R4 
= 37.1  
«primary », 

i. e. 
33.7  «secondary »,

4 - 2 - Study of single phase load report on a meshed double circuit line.
The loop r - earth of the safe line is activated, as the residual current module has a fixed threshold, which is generally overcome. 
    
 -functioning  zone.
From the formula (1) of § 12, appendix 2, the highest phasor current value is:

                Ir =  C 
* It,

and the maximal residual current value is:




        2

                Ir = (C - 1) * (3 - 
            )







(1)



 
  ko - kom + 1

Thus:

Ir + ko_relay * Ig =  C' * It





(2)





  

             2


by putting:

C' = C + ko * (C - 1) * (3 -
              )

 

(3)







      ko - kom + 1

The circles C'1 and C'2 giving the transit limits have then a radius, in the phase to earth reference plan:

                r' = Vmin / (Ir + ko_relay * Ig) = Zt / C' 


- Behaviour of the relay

The active vertical bands of the relay are the ones of the phase to earth loops, using the phase to earth voltages and the currents Ir + ko_relay * Ig ....

Vr

Z =  



       Ir + ko_relay * Ig


which value is RN3 on the R axis.
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Circle C4

The program Umbrella gives, considering the implementation constraints of the relay, the following results:


R3 = R4 
= 37.1  
«primary », 

i. e. 
33.7  «secondary »,

RN3 = RN4 
= 46  

«primary», 

i. e. 
42  «secondary»,

4 - 3 - Supply of a customer.

We compare the position of each vetex (in fact the point S) of the anti-out of step parallellogram (see § 22) in relation with the circle defining the transit area.








          N1






        1.25*Xpsb
        S








        1.25 * Rpsb






        A


Let us call N1 the radius of this circle:


N1 = Vmin / It 

It being the total current running both lines which supply the customer.

The compatibility of the point S with the circle can be written: 

    1.1      __

[          * AS ]²  ( N1²


    0.9


          N1* 0.9

or: 
RPSB (       (                   )² - XPSB²



(       1.1 * 1.25

4 - 4 - Link between a power plant and a substation

The REL 100 is not used for these links 

5 - Zone reckoning

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone X1


- long lines
We want that in any case X1 < XL. Considering the measurement errors on X1 and XL, we find :


1.15 * X1 < 0.95 * XL  
thus
 X1 < 0.83 * XL

We retain :

X1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case X1 > XL.

Considering the measurement errors, we find :
0.85 * X1 > 1.05 * XL

But some parameters of the network make it necessary to have :
X1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

X1 ( 1.25 * XL > 4.3 Ohm

or
X1 (4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Zone X2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
X2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * X2 > 1.05 * XL

We retain

X2 ( 1.20 * XL


- short line

Considering the measurement errors on X2 et XL, we have :

0.85 * X2 > 1.05 * XL

We retain the same values as those retained for X1 : 


X2 ( 1.25 * XL > 4.3 Ohm HT
X2 (4.3 Ohm HT > 1.25 * XL
5 - 2 Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

X1 ( 0.7 * XL for long lines,

X1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

X2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

6 - Phase selection reckoning

the phase selection loop characteristics must be external to the pick up loops in case of fault.

- Phase to earth loops

The vertical line is elaborated with the same input data as the one of the pick up. Thus, considering the security margins:

Rnph = 1.15 * RN3

The horizontal line is elaborated with Vr and Ir.. 

In case of phase to earth fault, the setting 
Xnph = X3 * (1 + KN3) 
make coincide both characteristics. So we retain:



Xnph = 1.15 * X3 * (1 + KN3)

- Phase to phase loops

The setting


Xph = 1.5 * X3



Rph = 1.75 * R3 + 0.31 * X3


allow the phase selection loops to be external to the pick up loops, in case of multi-phase fault. 

 7 - Timers

They are a function of the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

8 - Reckoning of the data characterising the relay behaviour

8 - 1 - Maximal detectable resistance


Rf  = RN1



for a fault close to the relay

Rf = RN1 - XL*cotg   * (1 + KN1)
for a fault on the remote end 

8 - 2 - Maximal reach in case of solid fault


In every case of fault:


AK = X3 / sin 
(see § 21, 22, 23)


AL = X4 / sin  

9 - Satisfaction of the conditions expressed in the setting guidebook

9 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequality


AK > 1.3 * Z2
or, on the reactance axis

X3 > 1.3 * X2 



condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

1.15 * XPA / 0.8  < 0.9 * XL + 0.8 * Xdmini_transfo_forward


1.15 * X3 < 0.9 * XL + 0.8 * Xdmini_transfo_forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up at the highest possible value, considering the preceding constraints.


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping on pick up. The REL 100 is not concerned.

9 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

The REL 100 is not concerned.

9 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

We check that
XPSB ( X3
and 
XPSB  ( X4

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»


1.15 * XPB / 0.8  < 0.8 * Xdmini_transfo_backward

or, a minima

1.15 * X4 < 0.8 * Xdmini_transfo_ backward


Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

The inversion straight line has a slope of 15° with the  R axis. Thus:

X4 > RN3 * tg 15° = 0.27 * RN3


We retain X4 > 0.3 * RN3 
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inversion line


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». Considering the measurement errors, we retain:


0.85 * X4 (P1) > 1.15 * X1 (P2) - 0.95 * XL

S 321 - 5

The distance protective relay S 321 - 5 is a digital relay with six measuring loops, used on the  225 kV, 90 kV, and 63 kV networks.

1 - Input data
1 - 1 - Pick up and distance measurement

The relay contains, on each loop, 3 distance measurement elements oriented forward, and an element oriented backward. The whole of the largest forward characteristic and the backward characteristic is the pick up.
These elements are supplied by: 

phase to phase loops





phase to earth loops

          
(Vr - Vy)  and   (Ir - Iy)                                     


Vr  and  (Ir + ko * Ig)

          
(Vy - Vb)  and   (Iy - Ib)                                        


Vy  and  (Iy + ko * Ig)

          
(Vb - Vr)  and   (Ib - Ir)                                         


Vb  and  (Ib + ko * Ig)

The phase to phase loop characteristics are circular (mho relays).

The phase to earth characteristics use the image current  Ir + ko * Ig , and the pilot current, also called polarisation current, equal to  2 * Ii + Io. By this way, the polarisation current has approximately the same phase as the fault current, and the measured distance is independent from the transit.  

The distance and resistance measurements of the phase to earth loops are performed by using the following equation, by taking as an example the phase r::

Vr = Zdl * (Ir + ko_relay * Ig) + (3 / 2) * (Iir + Io) * Rf

Rf being the fault resistance.
(1)

(ko_relay is the earth factor implemented on the relay)

Indeed, we saw in the appendix 1, § 34, that the presence of a fault makes run a fault current 

         If = Ia + Ii + Io = 3 *Ia = 3 * Ii = 3 * Io, where Ia , Ii , Io are the variations of the symmetric currents due to the fault.

Now, when the network is safe, Ii and Io are quite null. The current running inside the fault has then the value      3 * Ii, or 3 * Io, or (3 / 2) * (Ii + Io)

The residual current threshold is fixed. 

Numeric  application:

        
- line 225 kV, positive sequence impedance ZL = 25 , argument = 75 °, maximal transit current 1000 A, earth factor ko = 2 / 3, zero sequence mutual inductance factor 0.4,

        
- forward reach, in reactance:    



Xv = 37.5 , 

        
- backward reach, in reactance:



Xm = 12.5 ,

         
- ratio primary impedance / secondary impedance: 

kz = 1.1  
which corresponds to a current transformer ratio of  2000 / 1

The relay is set a priori on the following values:


- phase to phase loops: 
zone 1 impedance
= 20  





zone 2 impedance = 30 




backward zone impedance = 10 




forward zone impedance = 37.5 

- phase to earth loops: 
zone 1 reactance = 20 


zone 1 resistance = 10 




zone 2 reactance = 30 


zone 2 resistance = 15 




backward zone reactance = 12.5 

backward zone resistance = 10 




forward zone reactance = 37.5 

forward zone resistance = 20 
1 - 2 - Out of step

It is performed by an element independent from the preceding ones. Its input data are the positive sequence voltage and the positive sequence current. 

Its characteristic, in the impedance plan defined by its input data, is made of two rectangles fit together, with an horizontal basis. Each side sides can be set individually. 

The out of step detection timer is settable. The disabling of the anti-out of step blocking is set to two seconds. The presence of a negative sequence current disables the anti-out of step blocking after a settable time. 

The anti-out of step rectangles are a priori set to the following values:


internal rectangle:
Forward reactance =
40 

Forward resistance =
30 




Backward reactance = 
15 

Backward resistance = 
15 

external rectangle:
Forward reactance =
50 

Forward resistance = 
40




Backward reactance = 
30 

Backward resistance = 
25 
1 - 3 - Direction.


On the phase to phase loops, the mho relays ensure the directional function. However, for more security, the direction is confirmed by a directional relay reckoning the impedance 



          - j * 
Z = Vi / (Ii * e 
      )

 being the supposed argument of the impedance values Zis1 and Zis2 of the sources
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The scheme represents a forward fault, located on the line, between A and B. Z is then real negative:

its value is   -  Zis1 
When the fault is located backward, the scheme becomes: 
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Z is real positive. Its value is  Zis2 + ZiL 

The detection of a forward fault is performed if Z < 0.25 *  ZiL . 

The detection of a backward fault is done if  Z > 0.75 *  ZiL .

1 - 4 - Phase selection
The phase to phase loops are enabled by the overcurrent modules (Ir - Iy, ... ) with a fixed threshold.

The phase to earth  loops are enabled by the overcurrent modules (Ir ,  ... ) and the residual current module with a fixed threshold.

These thresholds may be set independently for each zone.

2 - Drawing of the characteristics in case of fault.


2-1- Pick up in case of phase to phase fault, or three phase fault, or safe operation.

We find the same characteristics in the three cases, as the input data are the ones which defines the reference impedance plans.
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scale 1 cm = 10 
The anti-out of step characteristic, drawn in blue, surrounds the pick up characteristic.  

2-2- Pick up in case of  fault between the phase r and earth, supplied by one side, and without burden

The distance measurement are performed by using the same input data as the ones which defines the reference impedance plan: Ir + ko * Ig, ...

The resistance limitation straight lines are obtained from the loop equation (1) of § 11.




             ___    __________

By multiplying each member by  Zdl * (Ir + ko * Ig)   we find:

        ___      _________                                                                                              __________

Vr * Zdl * (Ir + ko_relay * Ig) = Zdl * (Ir +ko_relay *Ig)² + Rf * (3 / 2) * (Ir + Io) * Zdl * (Ir +ko_relay *Ig)


               __

Note: the notation Z means "conjugate of Z"

This complex equation can be split into two  equations corresponding to the real part and the imaginary part. The equation of the imaginary part make it possible to find again the formula given in the manufacturer guidebook A fault is detected if:


     
imaginary [Vr * Zdl * (Ir + ko_relay * Ig )]






Rf  < Rd


    imaginary [(3/2) * ( Ii + Io) * Zdl * (Ir + ko_relay * Ig)]

Rd being the fault resistance setting values in the relay.

In case of supply without burden, (3 / 2) * (Ii + Io) = Ir. 

The equation giving the slanting line limiting the resistive reach becomes then:
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3 - Setting parameters

Only the parameters susceptible to be modified by the setting calculations are noted. 

3 - 1 - End identification


Name of the relay




RELID 

(17 characters)


Name of the end





TRMID

(39 characters)


Module of the positive sequence impedance of the line
ZIMAG

0.05 à 255  HT


Argument of the positive sequence impedance of the line
ZIANG

40 to 90°


Module of the zero sequence impedance of the line

ZOMAG
0.05 to 255  HT


Argument of the zero sequence impedance of the line
ZOANG

40 to 90°


Ratio of the current transformers



CTR

Ratio of the voltage transformers



PTR

Note: Only the argument of the positive sequence impedance of the line is used by the relay. The other values asked in the guidebook are used only in the fault locator and the event recorder. 

3 - 2 - Phase to phase loops ( mho relay)
Impedance of zone 1



Z1MG

0.05 - 64 
BT
Impedance of zone 2



Z2MG

0.05 - 64 
BT
Impedance of backward zone


Z3MG

0.05 - 64 
BT
Impedance of forward zone


Z4MG

0.05 - 64 
BT

 3 - 3 - Phase to earth loops (quadrilateral)

Reactance of zone 1



XG1

0.05 - 64  
BT

Reactance of zone 2



XG2

0.05 - 64  
BT

Reactance of backward zone


XG3

0.05 - 64  
BT

Reactance of forward zone


XG4

0.05 - 64  
BT

Resistance of zone 1



RG1

0.05 - 64  
BT

Resistance of zone 2



RG2

0.05 - 64  
BT

Resistance of backward zone


RG3

0.05 - 64  
BT

Resistance of forward zone


RG4

0.05 - 64  
BT

The implemented resistance is the maximal detectable fault resistance when there is no burden. 

3 - 4 - Earth factor

Amplitude of ko_relay of zone 1


KO1M

0 - 4

Phase of ko_relay of zone 1


KO1A

(  45° 

Amplitude of ko_relay of other zones

KO1M

0 - 4

Phase of ko_relay of other zones


KO1A

(  45° 

3 - 5 - Out of step

Forward reactance  
zone 5


X1T5

0  - 96  
BT

Backward reactance 
zone 5


X1B5

0  - 96 
BT
Forward resistance
zone 5


R1R5

0  - 70 
BT
Backward resistance 
zone 5


R1L5

0  - 70 
BT
Forward reactance
zone 6


X1T6

0  - 96  
BT

Backward reactance
zone 6


X1B6

0  - 96 
BT
Forward resistance
zone 6


R1R6

0  - 70 
BT
Backward resistance
zone 6


R1L6

0  - 70 
BT

Timer of out of step detection




OSBD
0.5 à 8000 cycles

Blocking suppression timer by presence of negative sequence current
UBD
0.5 to 120 cycles

The anti-out of step blocks the zones 1 ... 4



OSB1 ... 4 = True

3 - 6 - Threshold of the directional module using negative sequence components


Impedance threshold of the forward directional element
Z2F

(  64 

BT


Current threshold of the forward directional element

50QF

0.5 à 5 A
BT


Impedance threshold of the backward directional element
Z2R

(  64 

BT


Current threshold of the backward directional element
50QR

0.5 à 5 A
BT

minimal ratio between negative and positive sequence currents
    a2

0.02 à 0.5

3 - 7 - Current thresholds

current 
(Iry or Irb or Ibr)

zone 1

5OPP1

0.2 - 34 A 
BT

current 
(Iry or Irb or Ibr)

zone 2

5OPP2

0.2 - 34 A 
BT

current 
(Iry or Irb or Ibr)

backward zone 
5OPP3

0.2 - 34 A 
BT

current 
(Iry or Irb or Ibr)

forward zone 
5OPP4

0.2 - 34 A 
BT

current 
(Ir or Iy or Ib)

zone 1

5OL1

0.1 - 20 A 
BT

current 
(Ir or Iy or Ib)

zone 2

5OL2

0.1 - 20 A 
BT

current 
(Ir or Iy or Ib)

backward zone
5OL3

0.1 - 20 A 
BT

current 
(Ir or Iy or Ib)

forward zone
5OL4

0.1 - 20 A 
BT

current 
Ig


zone 1

5OG1

0.1 - 20 A 
BT 

current 
Ig


zone 2

5OG2

0.1 - 20 A 
BT 

current 
Ig


backward zone
5OG3

0.1 - 20 A 
BT 

current 
Ig


forward zone
5OG4

0.1 - 20 A 
BT 

3 - 8 - Timers

second zone of phase to phase loops

Z2PD

0 - 2000 cycles 

backward pick up of phase to phase loops

Z3PD

0 - 2000 cycles

forward pick up of phase to phase loops

Z4PD

0 - 2000 cycles

second zone of phase to earth loops

Z2GD

0 - 2000 cycles

backward pick up of phase to earth loops

Z3GD

0 - 2000 cycles

forward pick up of phase to earth loops

Z4GD

0 - 2000 cycles

3 - 9 - Signalling schemes
(to complete) 

4 - Pick up parameter reckoning

4 - 1 - Study of three phase load report on a meshed double circuit line.

4 - 1 - 1- Drawing of  the transit, the out of step and the pick up characteristics

- data  "network"

The impedance plan used is the phase to phase loop reference plan.
The circle C1 has its centre on A, close end of the line. 

The circle C2 has its centre on B, remote end of the line, with the affix ZL 

Their radius is Vmin / (C * It), C being the load report factor defined on § 113, appendix 2.  In the numeric example, C = 1.76, and the radius is 66 . 

The circle C3 has its centre on 3, affix ZL * Vmax²  / (Vmax²  - Vmin² ),       
i. e.   78   75 ° 

The circle C4 has its centre on 4, affix ZL  * Vmin²  / (Vmin²   - Vmax² ),
i. e. - 53  75°

Their radius is ZL * Vmax * Vmin / (Vmax² - Vmin² ), 


i. e.    64 .
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- Data "relay"

they are given on § 11 and § 12.

We must check that the anti-out of step characteristic does not, overflow the overload area. For this we check this characteristic in relation with the 6 points N1 ; N2 ; N3 ; N4 ; N5 ; N6, defined on § 224 , appendix 2.


- Recall of the neuralgic point co-ordinates (intersection points on the envelope of the 4 circles):


j*i

ANi = ANi * e

with
 i = 1 to 6, 
and :









C * It * ZL

 = arc cos



2 * Vmin



Vmax² - Vmin²

ZL * C * It

 = arc cos [


        -

       ]


         2 * ZL * Vmin * C * It
 2 * Vmin





    Vmin

AN1 = AN2 =AN5AN6




     C * It





  Vmin


      Vmin

AN3 = AN4 =ZL² + (
 )² + 2 * ZL * cos  *



 
   C * It


       C * It

1 =   - 




2 =   + 



ZL * sin  + (Vmin / (C * It)) * sin (  - )

3  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  - )



ZL * sin  + (Vmin / (C * It)) * sin (  + )

4  =  arctg 



ZL * cos  + (Vmin / (C * It)) * cos (  + )

5




6

The points N3, N4, N5, N6 may not exist. This case is detected by  cos  > 1

In this case and when the arguments of these points are not inside the ranges [ - 30° ; + 30° ] and  [ - 150° ; + 150°], we take the modules calculated above, and the arguments:



3 = + 30° 


4 = + 150°



 = - 30°


6 = - 150°

4 - 1 - 2 - Reckoning of the pick up and out of step bandwidth

- preliminaries : compatibility between a neuralgic point and a vertical band. 
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The segment AH is linked to the segment AM by:


AH = AM * cos 
and, to respect the security margins recommended  by the  setting guidebook, you must have:







0.9


0.9 * AN > 1.1 * AM
thus
AH < 

* cos  * AN







1.1

- Compatibility inequation

We compare the position of the line HM with the points N1, N3, N5, then the one of its symmetric in relation with the reactance axis with the points N2, N4, and N6. We obtain equations such as



          0.9


AHi      <
    * ANi * cos i 


          1.1

- insensitivity towards the three phase reports

We retain the lowest value of AH for i = 1, 3, 5. It is equal to the external right anti-out of step characteristic abscissa R1R6.

We retain then the lowest value of AH for i = 2, 4, 6. It is equal to the external left anti-out of step characteristic abscissa R1L6.


The gap between the external and the internal characteristic is given by the formula (1) seen on the chapter of the PXLN,  § 5121 :


R1L6 - R1L5 = R1R6 - R1R5 = R =  * F * t *  Xas + Xl + Xbs 
where F is the maximal out of step frequency and where t = 15 ms.

We test then the compatibility of the zone 3 and of the zone 4 with the horizontal lines of the internal anti-out of step characteristic: 

X1T5 ( Z4MG sin (Z1ANG)

X1T6 = X1T5 + R
X1B5 ( Z3MG sin (Z1ANG)

X1B6 = X1B5 + R
Z4MG and Z3MG are determined on § 513
The program  Umbrella gives, observing the implementation constraints of the relay, the following results: 
Phase to phase forward impedance 

= 70.4   «primary », 
i. e. 
64  
«secondary »,
Phase to phase backward impedance
= 69.93  «primary », 
i. e.
63.57  «secondary»,
External forward anti-out of step resistance
= 46.36   «primary », 
i. e. 
42.14  «secondary».

4 - 2 - Study of single phase r  load report on a meshed double circuit line.

4 - 2 - 1 - Drawing of  the transit, the out of step and the pick up characteristics
the loop r - earth of the safe line is activated by the phase selector, as the residual current threshold has a fixed value which is generally overcome. 

-functioning  zone.

From formula (1) of § 12, appendix 2, the maximal current of the most overloaded phase is: 

                Ir =  C 
* It,

and the maximal residual current is:




        2

                Ig = (C - 1) * (3 - 
            )







(1)



 
  ko - kom + 1

Thus we find:

Ir + ko_relay * Ig =  C' * It





(2)





  

             
      2


by putting:

C' = C + ko_relay * (C - 1) * (3 -
                      )

 
(3)







              ko - kom + 1

The circles C'1 and C'2 giving the transit limits have then a radius, in the reference plan of the phase to earth loops: 

                r' = Vmin / (Ir + ko_relay * Ig) = Zt / C' 

- drawing of the slanting bands

Let us consider the formula (1) of  § 11:


Vr = Zdl * (Ir + ko_relay * Ig) + (3 / 2) * Rf * (Ii + Io)

The representative point o this equation in the impedance plan Vr / (Ir + ko_relay * Ig) is given by:


             
     Vr

           
            3
        
Ii + Io


Z = 


 = Zdl + 
Rf *         * 


          Ir + ko_relay * Ig
           
             2        Ir + ko_relay * Ig

that we note:
Z = Zdl +  * Rf
To look for the factor which must multiply  Rf, we consider the formulae of § 12, appendix 2. 

Let us remark, that:

3 * (Ii + Io) = Ir + a * Iy + a² * Ib + Ir + Iy + Ib= 2 * Ir -a² * Iy - a * Ib

thus, by replacing the phasor currents by the values given in these formulae: 


3            Ii + Io
       
     

3 * C * (ko - kom) + 2 * C + 1

 =
    *

        =       

 
2      Ir + ko_relay * Ig       2  [C + 3 * ko_relay *  ( C - 1) ] * ( ko - kom + 1) - 4 * ko_relay * (C - 1)


i. e. , with the chosen example:  0.946.

The half  width of the slanting bands is slightly 


 lower than Rf.

We retain a ratio equal to 1.
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scale 1 cm = 20 
Circle C4

The points N'i are deducted from points Ni by replacing C by C' in the formulae giving the neuralgic points        (§ 4 - 1 - 1)

4 - 2 - 2 - Reckoning of the pick up bandwidth


- preliminaries : compatibility between a neuralgic point and a slanting band.
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Let us reckon the length of the segment AH as a function of the one of segment AM. They are linked by:


AK = AM * cos 

MK = AM * sin 

HK = MK * cotg 

thus:
AH = AK - HK = AK - MK * cotg  = AM * cos  - AM * sin  * cotg  

which can be written 
AH = AM * sin (  - ) / sin 
To respect the security margins recommended by the setting guidebook, you must have:








sin ( )


1.1 * AM < 0.9 * AN, 
thus 
1.1 * AH < 0.9 *

      * AN


(1)








    sin 

- insensitivity towards the single phase load reports

As  is obtained from a continuously settable potentiometer, we have:  = .

We compare the position of the neuralgic points  N1, N3, N5 to the straight line D, then the one of N2, N4, N6 to the line D'. We obtain such inequations:


0.9
          sin ( - i)




0.9

sin (i - )

AH < 
        * ANi * 

    (i = 1, 3, 5)

H'A < 
        * ANi * 

      (i = 2, 4, 6)


1.1

sin 




1.1

    sin 
We retain the lowest of the 6 values found for AH and H'A. We draw the resistance Rf :


Rf = AHmin /  



note: the relay makes it possible to set individually the resistance of each zone (RG1, RG2, RG3, RG4). Each of them must not overcome the value reckoned above. 

The program  Umbrella gives, observing the implementation constraints of the relay, the following results:
Phase to phase forward impedance


= 70   «primary», 
i. e.  
64  
«secondary »,
Phase to phase backward impedance

= 70  «primary», 
i. e.
64 
«secondary»,
Phase to earth forward and backward resistance 
= 39   «primary», 
i. e.
35  
«secondary»,
Anti-out of step external resistance

 
= 46   «primary», 
i. e.   
42 
 «secondary».
4 - 3 - Supply of a customer.

We compare the position of each vertex (in act the point S) of the anti-out of step parallellogram (see § 21) in relation with the circle cefining the transit area.
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Let us call N1 the radius of the circle:


N1 = Vmin / It 

It being the current running both lines which supply the customer.

The compatibility of the point S with the circle can be written: 

    1.1      __

[          * AS ]²  ( N1²


    0.9


                N1* 0.9

i. e. : 
R1R6_HT (       (                   )² - X1B6²



      (             1.1

4 - 4 - Link between a power plant and a substation

The S 321 - 5  is not used for these links
5 - Zone reckoning

They are described for the phase to earth loops. For the phase to phase loops, you must replace XGi by ZiMG.

5 - 1 - Protection of a single circuit line

5 - 1 - 1 - Zone XG1


- long lines
We want that in any case XG1 < XL. Considering the measurement errors on XG1 and XL, we find :


1.15 * XG1 < 0.95 * XL  
thus
 XG1 < 0.83 * XL

We retain :

XG1 ( 0.80 * XL

- short line

If the signalling scheme is the blocking overreach, we want that in any case XG1 > XL.

Considering the measurement errors, we find :
0.85 * XG1 > 1.05 * XL

But some parameters of the network make it necessary to have :
XG1 > 4.3 Ohm "primary voltage"

This value is given as a rough estimate. In fact it depends on the rated voltage, the source impedance ratio        (S. I. R.), and the type of current transformer. The complete reckoning can be found in the setting guidebook
We retain :

XG1 ( 1.25 * XL > 4.3 Ohm

or
XG1 ( 4.3 Ohm > 1.25 * XL

5 - 1 - 2 - Zone XG2

Whatever be the signalling scheme used, acceleration, blocking overreach or none, we retain :
XG2 > XL


- long line

Considering the measurement errors on XG2 and XL, we have
0.85 * XG2 > 1.05 * XL

We retain

XG2 ( 1.20 * XL


- short line

Considering the measurement errors on XG2 et XL, we have :

0.85 * XG2 > 1.05 * XL

We retain the same values as those retained for XG1 : 


XG2 ( 1.25 * XL > 4.3 Ohm HT
XG2 (4.3 Ohm HT > 1.25 * XL  

5 - 1 - 3 - Pick up

X_forward (alias XG4)=  1.3 * XG2
X_backward (alias XG3)=  XG1
5 - 2 - Protection of a double circuit line

We choose for every line the same values as for the 400 kV plan, i. e. :

XG1 ( 0.7 * XL for long lines,

XG1 ( 1.6 * XL for short lines (minimal value 4.3 Ohm)

XG2 ( 1.6 * XL (minimal value 4.3 Ohm for short lines) 

X_forward (alias XG4) 
( 
1.3 * XG2

X_backward (alias XG3 )  =           
XG1
 6 - Reckoning of the data characterising the relay behaviour

6 - 1 - Maximal detectable resistance


It is the implemented value : RG1, RG2, RG3, RG4 according to the considered zone.

6 - 2 - Maximal reach in case of solid fault

Forward    
AK = XG4 / sin Z1ANG 

for the phase to earth loops

AK = Z4MG 


for the phase to phase loops

Backward
AL = XG3 / sin Z1ANG 

for the phase to earth loops



AL = Z3MG 


for the phase to phase loops

7 - Timers

They are a function of the position of the relay in the network.

The first step timer is used only for blocking overreach scheme. It is set at 60 ms if the telecommunication interface is a high frequency device, and 75 ms if it is a low frequency device.

8 - Satisfaction of the conditions expressed in the setting guidebook

8 - 1 - Forward pick up

condition a : « The forward reach of the pick up for a solid fault must be always greater than the second zone setting, considering the inaccuracy margins».

We check the inequalities


XG4    ( 1.3 * XG2






Z4MG ( 1.3 * Z2MG

condition b : «For a solid fault, the forward reach of the pick up, and if possible the one of the out of step must be low enough to be insensitive to the faults beyond the transformers located in the remote substation»

1.15 * X1T6 


<  0.9 * XL + 0.8 * Xdmini_transfo_forward

or, a minima,
1.15 * Z4MG * sin Z1ANG 
<  0.9 * XL + 0.8 * Xdmini_transfo_ forward

1.15 * XG4  


<  0.9 * XL + 0.8 * Xdmini_transfo_ forward

condition c : « When an electromechanical distance protective relay is installed on an other line ended in the remote substation, we try to ensure the remote back up by setting the forward pick up at its maximal value, according to the preceding conditions»

We set the pick up to the greatest possible value, according to the preceding constraints. 


condition d : «To avoid any blocking of the tripping by the out of step, the forward pick up reach must be shorter than the forward out-of-step one».

This condition concerns only the relays on which the anti-out of step blocks the tripping by pick up. 

8 - 2 - Resistive reach


« If the characteristic of the out of step is independent from the one of the pick up, the internal limit of the out of step band must remain external to the pick up characteristic»

thus, 
for the phase to earth loops, 
1.15 *  * RG4  < R1R5


for the phase to phase loops,
1.15 * (Z4MG / 2 ) * (1 + cos ) < R1R5

8 - 3 - Backward pick up


Condition a  : «To avoid any blocking of the tripping by the out of step, the backward pick up reach must be shorter than the backward out-of-step one»

This condition concerns only the relays on which the anti-out of step blocks the tripping by pick up.

Condition b : «For a solid fault, the backward reach of the pick up, and if possible the one of the out of step must be short enough to be insensitive to the faults beyond the transformers located in the close substation»

1.15 * X1B6 


<  0.8 * Xdmini_transfo_ backward

or, a minima,
1.15 * Z3MG * sin Z1ANG 
<  0.8 * Xdmini_transfo_ backward

1.15 * XG3 *  


<  0.8 * Xdmini_transfo_ backward

Condition c : « in case of quadrilateral characteristic, the backward limit of the pick up must not cross the direction line»

This condition does not concern the S321 - 5. Indeed, the phase to phase loops are mho relays, and the function "direction" on phase to earth fault is performed thanks to a zero sequence criterion, by nature insensitive to the fault resistance.  


condition d : « If the relay operates in a blocking overreach scheme, the backward reach of the relay P1 must be longer than the reach of the relay P2 located on the remote end.». According to the measuring errors, we retain: 


0.85 * XG3 (P1) 

>     1.15 * XG1 (P2) 
- 0.95 *  XL



0.85 * Z3MG (P1) 
>     1.15 * Z1MG (P2) 
- 0.95 *  ZL


Recapitulation of the performances reckoned by UMBRELLA
Relays installed on the 400 kV network (résults in primary ohm)

	
	PXLN - EPAC
	REZ1
	PXLP
	PDS
	7 SA 511

	maximal  detectable resis- tance at the close substation
	40
	33
	39
	37
	48

	maximal  detectable resis- tance at the remote substation
	40
	33
	46
	37
	49

	pick up forward reach on a phase to earth fault
	53
	70
	71
	53
	53

	pick up forward reach on a phase to phase fault
	53
	70
	71
	53
	53

	pick up forward reach on a three phase fault
	53
	70
	71
	53
	53

	pick up backward reach on a phase to earth fault
	28
	14
	21
	28
	26

	pick up backward reach on a phase to phase fault
	28
	14
	36
	28
	26

	pick up backward reach on a three phase  fault
	28
	14
	36
	28
	26


Relays installed on the 225 kV network (résults in primary ohm)

	
	RAZOA
	RXAP
	REL 100
	S321 - 5
	PXLC
	PD3A

	maximal  detectable resistance at the close substation
	45
	51
	47
	39
	43
	60

	maximal  detectable resistance at the remote substation
	       39
	74
	39
	39
	27
	60

	pick up forward reach on a phase to earth fault
	40
	47
	53
	53
	36
	55

	pick up forward reach on a phase to phase fault
	32
	40
	53
	70
	30
	55

	pick up forward reach on a three phase fault
	37
	45
	53
	70
	35
	55

	pick up backward reach on a phase to earth fault
	8
	18
	28
	28
	15
	28

	pick up backward reach on a phase to phase fault
	9
	15
	33
	70
	26
	28

	pick up backward reach on a three phase  fault
	8
	18
	28
	70
	18
	28
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