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UMBRELLA

Guidebook
Umbrella is the translation of  «Parapluie», which means:

     Programme d’Aide au Réglage des Appareils de Protection de Ligne Utilisant l’Impédance Electrique
i.e: program helping to set  the overhead line protective relays using the electrical impedance. 

Its aim is to help the persons having in charge the determination of setting values for distance protective relays installed on ends of high voltage electrical power transmission links. 


These setting values must be chosen so as the relay be as sensitive as possible to resistive faults, but insensitive to the various phenomena which may appear when the line is safe: important loads, load reports, loss of synchronism.  
updated on  15th  october, 2024 
Reference documentation:

This documentation can be found in the book "protection and monitoring of the electrical energy transmission networks".

Items  concerning the behaviour of the network:

Apparent  impedance  and  load  report  determination  during  single  phase  and  three  phase  reclosing  cycles  on  an  overhead  line, appendix RA 2
Teed line settings  appendix Ra 10

Items concerning the behaviour of the protective relays

Characteristics of studied distance protective relays, appendix Ra6
setting of 7 SA 511;

 

setting of EPAC;


setting of  PD3A;

 

setting of PDS;



setting of PXLC;



setting of PXLP;


(deals also with the impedance pick up of the  DIFL)

setting of PXLN;



setting of RAZOA;

 

setting of REL 100;



setting of REZ1;



setting of RXAP;



setting of S 321-5;



setting of LZ 95;


(not installed on Umbrella)

Generalities

This program reckons the setting parameters used for 12 protective relays commonly installed on the french high voltage network. These relays are the ones described in the appendix number Ra6 of the book "protection and monitoring of the electrical energy transmission networks". 

This program was performed on a computer fitted out with Windows 7, with the software "Visual Basic 6" last french version, and the software Office 2007 with "access".

You will find hereunder an example of network where each relay, and each function of these relays in the network, is studied.
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Installation

Install the software "office 2007" on your computer.

Open the routine umbrella.exe, or umbrella.vbp/exécution, that you loaded as described on the sheet "installation of umbrella" that you obtained through the addresses.
http://perso.numericable.fr/michlami

michel.lami.free.fr 

1 - Link Aberlour 1 - Balmoral 

It is a link of 50 km  between a power plant and a 400 kV substation. It is protected by a differential line protective relay as main protection, and by a distance protective relay at each end as back up protection, i.e. PXLN on the output of the power plant, and PDS at the substation. Both relays are linked by a signaling system, in an acceleration scheme. The wires of this link are installed on the same towers as the ones of the link Aberlour - Balmoral 2, which is identical.                                                  


At first, you must empty, if relevant, the database. Click on database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the tables. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column "nom" sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5". 

1-1- Protective relay PXLN at the power plant Aberlour.

This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, PXLN

Come back to VB98, click on umbrella.vbp /execution. A table appears. You write into the box "name of substation A" the name  "Aberlour 1", into "name of substation B" the name "Balmoral", in "name of the relay", "new relay" is proposed; you agree, in "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose PXLN /create. An impedance plan appearts, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " double circuit line", "long line", " the line owns one or several earth cables ",(see the book, sixth part, §3112, first / second zone reactance) " power plant on side A, substation on side B". 

Thimble "CT" and "VT", write 3000 A, 400 kV. Thimble "impedance, power" write into the box "transformer at substation B" 66 ( (impedance of the four  600 MW transformers), active power 1300 MW, apparent power 1625 MVA. 

Click then on "network values". Enter the data reckoned in the book , appendix za3, § 1-7-2", i.e

-line length






50 km

- positive sequence resistance 

50 * 0,0213
 = 1,065
(
- positive sequence  reactance

50 * 0,302 
= 15,1

(
- zero  sequence resistance


50 * 0,0678
 = 3,39

(
zero  sequence  reactance


50 * 1,008 
= 50,4

(
kom 



       

 0,644
(The values to be entered are written in red bold fonts)
Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" which is the only one activ.

Appears successively:

a table where you find the zone values, and the reducer rated values,

a table with 6 thimbles; each of them controlling a table

- thimble " out-of-step "

- thimble "resistance"

- thimble "zones"

- thimble " timers" (empty)
- thimble "signaling" (empty)
- thimble "types"

click on "parameters". A table appears, with 5 thimbles, each of them controlling a table 

thimble "lines"

thimble "zones"

thimble "signaling"
thimble "out-of-step"

thimble "type"
OK, OK.

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( right lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose T1 = 0, T2 = 300 ms (selective with the coupling relay  of Balmoral);  T3 = 450 ms (selective with the second step of the relay installed at Balmoral, end Westminster); T4 = 150 ms (selective with the relays of the power plant transformer)

In the table "signaling" get alive the button " accélération"
Click on  parameters. 

control the boxes with drop-down menu.

OK, OK

To save the calculated values, click on "substation" (above, on the left) then "save values".

 ok, into the box "number" enter  "1", OK, confirm, leave, leave.

note please : you may also click on "leave", below, right, and follow the instructions. You may also click on the second icon above from the left.
To print the results click on the first icon above from the left.
1-2- Protective relay PDS at the substation Baimoral.

 This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, PDS
Click on umbrella.vbp, execution, or umbrella.exe. You  see appear a table. Write into the box "substation A" the name "Aberlour", into the box "substation B, "Balmoral; ", in "name of the relay"  is proposed "new relay"; you agree, in "number of the relay" nothing; you agree

Click on "open" The table of the relays" appears. Choose. PDS / create. An impedance plan appears, with only the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " double circuit line", "long line", " the line owns one or several earth cables ",(see book ", sixth part, §3112, first / second zone reactance) " power plant on side A, substation on side B". 

Thimble "CT" and "VT", write 3000 A, 400 kV. Thimble "impedance, power" write into the box "transformer at substation B" 66 ( (impedance of the four  600 MW transformers), active power 1300 MW, apparent power 1625 MVA. 

Click on the button of "two ended line" and place the relay at substation B

Click then on "network values". Enter the data reckoned in the book " protection and monitoring of the electrical energy transmission network", appendix za3, § 1-7-2", i.e

-line length






50 km

- positive sequence resistance 

50 * 0,0213
 = 1,065
(
- positive sequence  reactance

50 * 0,302 
= 15,1

(
- zero  sequence resistance


50 * 0,0678
 = 3,39

(
zero  sequence  reactance


50 * 1,008 
= 50,4

(
kom 



       

 0,644
(The values to be entered are written in red bold fonts)
Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" which is the only one active.

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 4 thimbles, each of them controlling a table:

- thimble "zones"

- thimble "fault resistance and line parameters ""

- thimble "signaling"( empty)
- thimble "timers" (empty)
OK, 

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the relay diagram  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose TA = 0, TB = 150 ms (sélective with the transformer of the power plantf) TC = 300 ms, TD = 450 ms (selective with the second step of the relay situated at Balmoral, end Westminster)

In the table "signaling",  activate the buttons "double  signal" and "acceleration".

To save the reckoned values, click on "substation" (abve on the left) then "save values", ok, into the box "number" enter  "2", OK, confirm, leave, leave.

note please : you may also click on "leave", right below, abd follow the instructions. You may also click on the second icon above from the left.

To print the results click on the first icon above from the left.
1-3- Superposition of both diagrams

It can be performed only if two relays have been, registered, here the PXPN and the PDS.

Click on "umbrella.vbp/execution" or "umbrella.vbp", then "superpose", then on the thimble "substation 1".

Enter in the box "substation A" tne name 'aberlour", in the box "substation B" the name      "Balmoral"; relay "PXLN", number "1".

Click on the thinckle "substation 2"

Enter in the box "substation A" tne name "aberlour", in the box "substation B" the name      "Balmoral", in the box "relay","PDS", in the box "number " the number "2".

"open"

A table appears, which allows you to choose the configuration corresponding to the studied  case, here the relays face to face. You can then choose the colors, and make appear or disappear each element of the diagrams. You can also call the setting tables of both relays to modify them. You may then print the results.   
2 -  Link Guinness 1 - Balmoral 

It is a link of 10 km   between a power plant and a 400 kV substation. It is protected by a differential line protective relay as main protection, and by a distance protective relay at each end as back up protection. e.  PXLP on the output of the power plant, and REZ1 at the substation. Both relays are linked by a signaling system, in a blocking scheme. The wires of this link are installed on the same towers as the ones of the link Guinness - Balmoral 2, which is identical.  


At first, you must empty, if relevant, the database bd2. Click on database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the tables. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column nom "sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5".     
2-1- Relay PXLP at the power plant Guinness 1.

This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, PXLP

Click on umbrella.vbp /execution, or umbrella.exe. A table appears. You write into the box "name of substation A" the name  "Guinness 1", in "name of substation B" the name "Balmoral", into "name of the relay", "new relay" is proposed; you agree; in "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose PXLP /create. An impedance plan appearts, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " double circuit line", "short line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " power plant on side A, substation on side B".

Thimble "CT" and "VT", write 3000 A, 400 kV. Thimble "impedance, power" write into the box "transformer at substation B" 66 ( (impedance of the four  600 VA transformers), first zone impedance seen from the other end 103 (, (here, impedance of the whole line + power plant transformer),   active power 1300 MW, apparent power 1625 MVA. 

Click then on "network values". Enter the data reckoned in the book,  appendix za3, § 1-7-2", i.e

-line length 





     
  10 km

- positive sequence resistance 
10 * 0,0213
 = 0,213
(
-positive sequence reactance 
10 * 0,302 
= 3,02

(
- zero sequence resistance

10 * 0,0678
 = 0,678
(
 zero sequence reactance

10 * 1,008 
= 10,08
(
kom 



       


    0,644

(The values to be entered are written in red bold fonts)
Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" which is the only one active.

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 5 thimbles, each of them controlling a table
- thimble "parameters"

- thimble "zones "

- thimble "pick-up "

- thimble "signaling" empty

- thimble "timers", empty

OK

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see the book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose T1 = 50 ms (time to wait the blocking signal of the remote end), T2 = 300 ms (selective with the relay of the coupling circuit breaker of Balmoral),  T3 =T4= 450 ms (selective with the second step of the relay situated in the substation Balmoral, end  Westminster),       

T5 = 150 ms (selective with the relays of the power plant transformer)

The residual current threshold relay may be steady or with percentage. If it is steady, it can be set and you can consult the appendix Za6-PXLP, §3-2-3 of the book. But the version "percentage" which cannot be set, is generally used. This relay make the protective relay insensible towards the one-phase  reclosing cycles (see § 6). 
To set the compounding, you consult the same appendix.

In the table "signaling" active the button "blocking overreach", OK.

To save the reckoned values, click on "substation" (above on the left) then "save values", ok, into the box "number" enter  "3", OK, confirm, leave, leave.

note please : you may also click on "leave", right below, nd follow the instructions. You may also click on the second icon above from the left.

To print the results,  click on the first icon above, from the left.

2-2 Relay REZ1 at the substation Balmoral 

This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, REZ1
Click on umbrella.vbp /execution, or umbrella.exe. A table appears. You write into the box "name of substation A" the name  "Guinness 1", into "name of substation B" the name "Balmoral", in "name of the relay",  "new relay" is proposed; you agree; in "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose REZ1 /create. An impedance plan appearts, with solely the co-ordinate axes.

Above, on the left, click on "network, "network options", thimble "type of line", where you choose " double circuit line", "short line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " power plant on side A, substation on side B".

Thimble "CT" and "VT", write 3000 A, 400 kV. Thimble "impedance, power" write into the box "transformer at substation B" 66 ( (impedance of the four  600 MW transformers), first zone impedance seen from the other end 103 (, (here, impedance of the whole line + power plant transformer),   active power 1300 MW, apparent power 1625 MVA. 

Click on "two ended line" and place the relay at substation B.

Click then on "network values". Enter the data reckoned in the book, appendix za3, § 1-7-2", i.e

-line length 





     
  10 km

- positive sequence resistance 
10 * 0,0213
 = 0,213
(
-positive sequence reactance
 
10 * 0,302 
= 3,02

(
- zero sequence resistance

10 * 0,0678
 = 0,678
(
 zero sequence reactance

10 * 1,008 
= 10,08
(
kom 



       


    0,644
(The values to be entered are written in red bold fonts)
Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" which is the only one active.

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 5 thimbles, each of them controlling a table
- thimble "out-of-step"

- thimble "zones 1 and 2"

- thimble "zones 3 and 4"

- thimble "assignments"

- Thimble "timers and signaling "

OK.

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed inside the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose To =5 0 ms (waiting time of blocking signal trom the remote end); T2 = 200 ms (selective with the first step), T3 = 350 ms, TE= 450 ms (sélective with the second step of the end "Westminster" relay) 

note please: on the REZ1, each zone can be set forwards ore backwards on the corresponding tables.
To save the reckoned values, click on "substation" (above on the left) then "save values", ok, into the box "number" enter  "4", OK, confirm, leave, leave.

note please : you may also click on "leave". right below, and follow the instructions. You may also click on the second icon above from the left.

To print the results click on the first icon above.

2-3- Rub out of the values in the database
In the table "titre" write in "substation A", "Guinness", in "substation B", Balmoral", relay PXLP", number 3 and click on "delete" In the following table the button "delete relay" number n  is live. "OK", delete, return to the table "titre". There is no more relay in the box. "Leave", "execute", "delete", "delete substation B (and C)" .     

"leave". "execute". '"delete"; "delete substation A ", "leave". 
3- Link Balmoral - Westminster

It is a meshed line 225 kv, length 100 km. It is protected on the end "Balmoral" by a distance protective relay PD3A doubled by a relay EPAC, and on the rnd "Westminster by a relay RAZOA doubled by a relay S 321-5 

These relays exchange step acceleration signals.

The wires of this link are installed on the same towers as the ones of the link Balmoral - Oxford during 20 km.

At first, you must empty, if relevant, the database. Click on VB98/database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the lines. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column nom "sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5".

3-1- Relay Pd3a at the substation Balmoral
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, PD3A)

Click on "umbrella.vbp" /execution, or umbrella.exe. A table appears. You write into the box "name of substation A" the name  "Balmoral", into "name of substation B" the name "Westminster", in "name of the relay"  is proposed "new relay"; you agree, In "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose PD3A /create. An impedance plan appears, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " partly double circuit line", "long line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " interconnection  line line".

Thimble "CT" and "VT", write 1500 A, 225 kV. Thimble "impedance, power" write into the box "transformer at substation A" 21 ( (impedance of the four  600 MW transformers, seen from the side 225 kV),  in the box "transformer at substation B", 101 ( ( impedance of both transfoemers 250 MVA of Westminster, seen from the side 225 kV) 

Thimble "transit current", write 

- into "admitting a three phase reclosing cycle ",  1500 A, 

- into " admitting a three phase reclosing cycle "  1500 A, 

- into " without load report transit", 1500 A, 

Click on "without load report ".

note please: in that case,there is no adjacent line which if it opens, would create a load report on the studied line. 

Click then on "network values". Two thimbles appear: "Balmoral - Westminster (1="  and 

"Balmoral - Westminster (2)". Click on "Balmoral - Westminster (1)"  and enter the data common with the line "Balmoral - Oxford", from the data reckoned in the book, appendix za3, § 1-7-3",i. e.- -- - line length



 



  20 km

- positive sequence resistance

20 * 0,0639
 = 1,278
(
- positive sequence reactance


20 * 0,373 
= 7,46

(
- zero sequence resistance


20 * 0,269
 = 5,39

(
- zero sequence reactance


20 * 1,572 
= 31,44
(
kom 



       



 0,741
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

. 

Click on  "Balmoral - Westminster (2)"and enter the data of the single circuit part from the results of the book, appendix za3, § 1-6-3", i.e

- line length





 

  80 km

- positive sequence resistance 

80 * 0,0637
 = 5,10

(


- positive sequence reactance 

80 * 0,486 
= 38,9

(
- zero sequence resistance


80 * 0,189
 = 15,12
(
- zero sequence reactance


80 * 1,441 
= 115

(
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" 

Appears successively:

a table where you find the zone values, and the rated values of the reducers

note please: in that case of network , as there is no adjacent line, there is no load report,

a table  with 3 thimbles, each of them controlling a table

- thimble "zones"


- thimble "pick up "


- thimble "timers"

OK. The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose T1 = 0, T2 = 300 ms (selective with the coupling relay of Westminster ", T3 = 450 ms (selective with the second step of the relay at Westminster, end Cambridge-Eton), T4 = 450 ms (selective with the second step of the relays situated in the 400 kV Balmoral substation)

Note that the setting parameters are reckoned for the PD3A 6562. You can change the type of relay (6062) on the table "zones".

In the table "signaling" active the button "acceleration", OK.

To save the reckoned values, clich on "substation" (above on the left) then "save values", ok, into the box "number" enter  "1", OK, confirm, leave, leave.

note please : you may also click on "leave", below, right, and follow the instructions. You may also click on the second icon above from the left.

To print the results click on the first icon above

3-2- Relay EPAC at substation "Balmoral"
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, EPAC) 

Click on umbrella.vbp/ exécution, or umbrella.exe. Write into the box "substation A" the name "Balmoral", i "substation B" the name "Westminster ", name of the relay", "new relay" is proposed; you agree; in "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose EPAC /create. An impedance plan appears, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " partly double circuit line", "long line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " interconnection  line".

Thimble "CT" and "VT", write 1500 A, 225 kV. Thimble "impedance, power" write into the box "transformer at substation A" 21 ( (impedance of the four  600 MVA transformers, seen from the side 225 kV),  into the box "transformer at substation B", 101 ( ( impedance of both transformers 250 MVA of Westminster, seen from the side 225 kV) 

Thimble "transit current", write 

- into "admitting a three phase reclosing cycle ",  1500 A, 

- into " admitting a three phase reclosing cycle "  1500 A, 

- into " without load report transit", 1500 A, 

Click on "without load report ".

note please: in that case, there is no adjacent line which if it opens, would create a load report on the studied line. 

Click then on "network values". Two thimbles appear: "Balmoral - Westminster (1)"  and 

"Balmoral - Westminster (2)". Click on "Balmoral - Westminster (1)"  and enter the data common with the line "Balmoral - Oxford", from the data reckoned in the book, appendix za3, § 1-7-3",i. e.- -- - line length



 



  20 km

- positive sequence resistance

20 * 0,0639
 = 1,278
(
- positive sequence reactance


20 * 0,373 
= 7,46

(
- zero sequence resistance


20 * 0,269
 = 5,39

(
- zero sequence reactance


20 * 1,572 
= 31,44
(
kom 



       



 0,741
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

. 

Click on  "Balmoral - Westminster (2)"and enter the data of the single circuit part from the results of the book, appendix Ra3, § 1-6-3", i.e

- line length





 

  80 km

- positive sequence resistance 

80 * 0,0637
 = 5,10

(


- positive sequence resistance 

80 * 0,486 
= 38,9

(
- zero sequence inductance


80 * 0,189
 = 15,12
(
- zero sequence inductance
80 * 1,441 
= 115

(
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" 

Appears successively:

a table where you find the zone values, and the rated values of the reducers

note please: in that case of network , as there is no adjacent line, there is no load report.
A  table  with 5 thimbles, each of them controlling a table
:


- thimble "signaling"


- thimble "resistances, zones"


- thimble "weak infeed"


- thimble "out of step"


- thimble "timers"

OK. The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can chooseT1 = 0, T2 = 300 ms (selective with the coupling circuit breaker of Westminster ", T3 = 450 ms (sélective with the second step of the relay at Westminster, end Cambridge-Eton), T4 = 450 ms (selective with the second step of the relays situated in the 400 kV Balmoral substation)

In the table "signaling" active the button "acceleration", OK.

To save the reckoned values, clich on "substation" (above on the left) then "save values", ok, into the box "number" enter  "2", OK, confirm, leave, leave.

note please : you may also click on "leave", below, right, and follow the instructions. You may also click on the second icon above from the left.

Note please: the relay EPACis the single relay among these studied here to be supplied with the functions "echo" and "weak   infeed " (see chapter 3, §2-1-5-1-8 of the book)
To print the results click on the first icon above
3-3- Relay S321-5 at substation "Westminster " 
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, S321)


Click on umbrella.vbp/ exécution, or umbrella.exe. Write into the box "substation A" the name "Westminster ", into the box "substation B" the name " Balmoral ", name of the relay"  is proposed "new relay"; you agree, In "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose S321-5 /create. An impedance plan appears, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " partly double circuit line", "long line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " interconnection line".

Thimble "CT" and "VT", write 1500 A, 225 kV. Thimble "impedance, power" write into the box "transformer at substation B" 21 ( (impedance of the four  600 MW transformers, seen from the side 225 kV),  in the box "transformer at substation A", 101 ( ( impedance of both transformers 250 MVA of Westminster, seen from the side 225 kV) 

Thimble "transit current", write 

- into "admitting a three phase reclosing cycle ",  1500 A, 

- into " admitting a three phase reclosing cycle "  1500 A, 

- into " without load report transit", 1500 A, 

Click on "without load report ".

note please: in that case, there is no adjacent line which if it opens, would create a load report on the studied line. 

Click then on "network values". Two thimbles appear: " Westminster - Balmoral (1)"  and 

" Westminster - Balmoral (2)". Click on " Westminster - Balmoral (1)"  and enter the data common with the line "Balmoral - Oxford", from the data reckoned in the book, appendix za3, § 1-7-3",i. e. 

(the values to be entered are noted in red bold fonts)

 line length



 



  20 km

- positive sequence resistance

20 * 0,0639
 = 1,278
(
- positive sequence reactance


20 * 0,373 
= 7,46

(
- zero sequence resistance


20 * 0,269
 = 5,39

(
- zero sequence reactance


20 * 1,572 
= 31,44
(
kom 



       



 0,741
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

. 

Click on  " Westminster - Balmoral 2"and enter the data of the single circuit part from the results of the book " protection and monitoring of the electrical energy transmission network", appendix za3, § 1-6-3", i.e

- line length





 

  80 km

- positive sequence resistance 

80 * 0,0637
 = 5,10

(


- positive sequence resistance 

80 * 0,486 
= 38,9

(
- zero sequence resistance


80 * 0,189
 = 15,12
(
- zero sequence reactance


80 * 1,441 
= 115

(
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" 

Appears successively:

a table where you find the zone values, and the rated values of the reducers

note please: in that case of network , as there is no adjacent line, there is no load report,

a table  with 5 thimbles, each of them controlling a table

- thimble "zones"


- thimble "out of step"


- thimble "timers"


- thimble "current threshold "


- thimble "other parameters"

OK

OK. The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can chooseT1 = 0, T2 = 300 ms (sélective with the coupling relay of Balmoral 400kV et 225 kV"), T3 = 450 ms (selective with the second step of the relays situated on the ends 225 kV et 400 kVin the substation "Balmoral", T4 = 300 ms (selective with the second step of the relay situated on the end Cambridge - Eton" at the substation "Westminster").

In the table "signaling" active the button "acceleration", OK.

To save the reckoned values, clich on "substation" (above on the left) then "save values", ok, into the box "number" enter  "3", OK, confirm, leave, leave.

note please : you may also click on "leave". You may also click on the second icon above from the left.

To print the results click on the first icon above
3 - 4- Relay RAZOA at substation Westminster
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, RAZOA) 


Click on umbrella.vbp/ exécution, or umbrella.exe. Write into the box "substation A" the name "Westminster ", into the box "substation B" the name " Balmoral ", name of the relay", "new relay" is oroosed; you agree, In "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose RAZOA /create. An impedance plan appears, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " partly double circuit line", "long line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " meshed line".

Thimble "CT" and "VT", write 1500 A, 225 kV. Thimble "impedance, power" write into the box "transformer at substation B" 21 ( (impedance of the four  600 MW transformers, seen from the side 225 kVof Balmoral),  into the box "transformer at substation A", 101 ( ( impedance of both transformers 250 MVA of Westminster, seen from the side 225 kV) 

Thimble "transit current", write 

- into "admitting a three phase reclosing cycle ",  1500 A, 

- into " admitting a three phase reclosing cycle "  1500 A, 

- into " without load report transit", 1500 A, 

Click on "without load report ".

note please: in that case, there is no adjacent line which if it opens, would create a load report on the studied line. 

Click then on "network values". Two thimbles appear: " Westminster - Balmoral (1)"  and 

" Westminster - Balmoral (2)". Click on " Westminster - Balmoral (1)"  and enter the data common with the line "Balmoral - Oxford", from the data reckoned in the book,  appendix Ra3, § 1-7-3",i. e.

line length



 



  20 km

- positive sequence resistance

20 * 0,0639
 = 1,278
(
- positive sequence reactance

20 * 0,373 
= 7,46

(
- zero sequence resistance


20 * 0,269
 = 5,39

(
- zero sequence reactance


20 * 1,572 
= 31,44
(
kom 



       



 0,741
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

. 

Click on  " Westminster - Balmoral (2)"and enter the data of the single circuit part from the results of the book, appendix za3, § 1-6-3", i.e

- line length





 

  80 km

- positive sequence resistance 

80 * 0,0637
 = 5,10

(


- positive sequence reactance 

80 * 0,486 
= 38,9

(
- zero sequence resistance


80 * 0,189
 = 15,12
(
- zero sequence reactance


80 * 1,441 
= 115

(
(The values to be entered are written in red bold fonts).

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

click then on the button "three-phase loop and maximal current" 

Appears successively:

a table where you find the zone values, and the rated values of the reducers

note please: in that case of network , as there is no adjacent line, there is no load report,

a table  with 4 thimbles, each of them controlling a table:


- thimble "zones"


- thimble "out-of-step"


- thimble pick up"


- thimble "other parameters"


- thimble "timers"

OK. 

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( right lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose.T1 = 0, T2 = 300 ms (sélective with the coupling circuit breakers of Balmoral 400kV et 225 kV"), T3 = 450 ms (sélective with the second step of the relays situated on the ends 225 kV and 400 kV of Balmoral,  T4 = 300 ms (sélective with the second step of the relay situated on the end Cambridge - Eton at substation Westminster)

In the table "signaling" active the button "acceleration", OK.

To save the reckoned values, clich on "substation" (above on the left) then "save values", ok, into the box "number" enter  "4", OK, confirm, leave, leave.

note please : you may also click on "leave". You may also click on the second icon above from the left.

To print the results click on the first icon above from the left side

4 - Link Westminster - Cambridge - Eton

It is a link 90 kV with three ends. It is composed of three branches

Westminster - T point: 10 km

Cambridge - T point: 5 km

Eton - T point: 50 km

It is protected by a relay Pxlc   at the substation "Westminster", a relay Rel100 at the substation "Cambridge", and a relay Rxap   at the substation "Eton".

.

At first, you must empty, if relevant, the database. Click on VB98/database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the lines. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column nom "sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5".

4-1- Relay Pxlc at substation "Westminster"
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, PXLC) 

Click on umbrella.vbp / execution, or  umbrella.exe. 

 Write into the boxes "substation A", "substation B", "substation C" the name of the substations, so that the distances to the T point P be in increasing order, i.e. "Cambridge" in "substation A", " Westminster " in "substation B", "Eton" in substation C.     

In "name of the relay", "new relay" is proposed; you agree, In "number of the relay" nothing; you agree.".

Click on "open".The table of the relays appears. Choose PXLC / create. An impedance plan appears, with solely the co-ordinate axes. Above on the left, click on "network", "three ended line".

A scheme appears, showing the three ends of the link. Place the relay at point B.(on the printed results the name of this substation will appear in red fonts). 

note please: on this table a button " You have a short circuit calculation program at your disposal" invites you to enter the short circuit current values at each end .The aim of the values " Icc" is to detect if all the points of the line are seen by at least one end, and to determine if relevant the signaling system to be used. The aim of the  values " Ipc" is to precise the setting of the second zones (see book, appendix 10) . 

The diagnostic appears in the table " PXLC  zones".Here you chooses for example 1000 for all Icc and 800 for all Ipc.

Click on  "network", "network options ", thimble "CT and VT.". Choose 1500 A and 90 kv; thimble "impedances power" you write into "substation A impedance " 58 (  ( 90² / (2x70));      " substation B impedance " 16,2  ( ( 90² / (2x250)); "substation C impédance" 101 ( (90² / (2x40)).

thimble "transit current". Enter in "current flowing in A ", 1000 A; in "current flowing in B ", 1500 A; in "current flowing in C", 500 A.. 

Click then on "network values ". Three thimbles appear:: "Canterbury - T point", "Westminster - T point", "Eton - T point ". Click on " Cambridge - T point " and enter the data obtained from the results of the book, appendix Za3, § 1-6-2", i.e. (the values to be entered are written in red bold fonts)

- line length





 

   5 km

- positive sequence resistance 

5 * 0,0890
 = 0,445
(
- positive sequence reactance 

5 * 0,387 
= 1,935
(
- zero sequence resistance


5 * 0,363
 = 1,815
(
- zero sequence reactance


5 * 1,579 
= 7,895
(
Click on the active buttons and the module and argument values of the impedances appear.

Clik on "Westminster - T point" and enter

- line length







     10 km

- positive sequence resistance

10 * 0,0890
 = 0,890
( 
- positive sequence reactance  

10 * 0,387 
= 3,87

(
- zero sequence resistance


10 * 0,363
 = 3,63

(
- zero sequence reactance


10 * 1,579 
= 15,79
(
Click on the active buttons and the module and argument values of the impedances appear.

Click on "Eton - T point " et entre

- line length







   50 km

- positive sequence resistance

50 * 0,0890
 = 4,45

( 
- positive sequence reactance  

50 * 0,387 
= 19,35
(
- zero sequence resistance


50 * 0,363
 = 18,15,
(                                                                                        
- zero sequence reactance


50 * 1,579 
= 78,95
(
 Click on the active buttons and the module and argument values of the impedances appear.

. OK

Appears an empty impedance plan. 

Click then on  three phase loop, maximal  current " 

note please: in the configuration "three ended line ", t he load report is never considered, as too complicate. The diagrams obtained with "three phase report" and "maximal transit are identical.. 

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 5 thimbles, each of them controlling a table, and supplying a diagnostic:

.
 thimble "zones"

 thimble "other settings"

 thimble "signaling"

  thimble "timers"

 thimble "Psel 3062". This table is validated if the rated secondary current it 5 A.. 

  (See the book "" protection and monitoring of the electrical energy transmission network", ,appendix Ra6, PXLC, appendix 6-7

In that example, the proposed setting deliver a parallelogram which overcomes the transit zone.  You must change the parameters of this table. 

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose T1 = 0, T2 = 150 ms (selective with the relays of the transformers 90kV / 20 kV of "Eton" and "Canterbury"), T3 = 300 ms,     T4 = 300 ms

In the table "signaling" choose if relevant a signaling system. 

ok.

As the tripping on th border of the first zone is not always performed, That was an evidence as the substations A and C are passive you must add a remote tripping from B towards C, and another from B towards A.

To save the reckoned values, clich on "substation" (above on the left) then "save values", ok, in the box "number" enter  "1", OK, confirm, leave, leave.

note please : you may also click on "leave", right below, and follow the instructions..You may also click on the second icon above from the left.

To print the results click on the first icon above from the left side.
4-2- Relay REL 100  at substation "Cambridge" 
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, REL100)

Its working is explained in the book "protection and monitoring of the electrical energy transmission network", appendix Za6, § 6 , REL 100",
Click on umbrella / execution; or umbrella.exe. 

 Write into the boxes "substation A", "substation B", "substation C the name of the substations, so that the distances to the T point P be in increasing order, i.e. "Cambridge" in "substation A", " Westminster " in "substation B", "Eton" in substation C     

in "name of the relay", "new relay" is proposed; you agree, In "number of the relay" nothing; you agree.".

Click on "open". The table of the relays appears. Choose REL 100 / create. An impedance plan appears, with solely the co-ordinate axes. Above on the left, click on "network", "three ended line".

A scheme appears, showing the three ends of the link. Place the relay at point A.(on the printed results the name of this substation will appear in red fonts). 

note please: on this table a button " You have a short circuit calculation program at your disposal" invite you to enter the short circuit current values at each end. The aim of the asked values "Icc" is to detect if all the points of the line are seen by at least one end, and to determine if relevant  the signaling system to be used. The aim of the  values " Ipc" is to precise the setting of the second zones (see book, appendix 10) . 

The diagnostic appears in the table " REL 100  zones .Here you chooses for example 1000 for all Icc and 800 for all Ipc.

Click on  "network", "network options ", thimble "CT and VT.". Choose 1500 A and 90 kv; thimble "impedances power" you write into "substation A impedance " 58 (  ( 90² / (2x70));      " substation B impedance " 16,2  ( ( 90² / (2x250)); "substation C impedance" 101 ( (90² / (2x40)).

thimble "transit current". Enter in "current flowing in A ", 1000 A; in "current flowing in B ", 1500 A; in "current flowing in C", 500 A.. 

Click then on "network values ". Three thimbles appear:: "Cambridge - T point", "Westminster - T point", "Eton - T point ". Click on " Cambridge - T point " and enter the data obtained from the results of the book,  appendix Za3, § 1-6-2", i.e. (the values to be entered are written in red bold fonts)

- line length





 

   5 km

- positive sequence resistance 

5 * 0,0890
 = 0,445
(
- positive sequence reactance 

5 * 0,387 
= 1,935
(
- zero sequence resistance


5 * 0,363
 = 1,815
(
- zero sequence reactance


5 * 1,579 
= 7,895
(
Click on the active buttons and the module and argument values of the impedances appear.

Clik on "Westminster - T point" and enter

- line length







     10 km

- positive sequence resistance

10 * 0,0890
 = 0,890
( 
- positive sequence reactance  

10 * 0,387 
= 3,87

(
- zero sequence resistance


10 * 0,363
 = 3,63

(
- zero sequence reactance


10 * 1,579 
= 15,79
(
Click on the active buttons and the module and argument values of the impedances appear.

Click on "Eton - T point " et entre

- line length







   50 km

- positive sequence resistance

50 * 0,0890
 = 4,45

( 
- positive sequence reactance  

50 * 0,387 
= 19,35
(
- zero sequence resistance


50 * 0,363
 = 18,15,
(                                                                                        
- zero sequence reactance


50 * 1,579 
= 78,95
(
 Click on the active buttons and the module and argument values of the impedances appear.

. OK

Appears an empty impedance plan. 

Click then on  three phase loop, maximal  current " 

note please: in the configuration "three ended line ", t he load report is never considered, as too complicate. The diagrams obtained with "three phase report" and "maximal transit are identical.. 

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 5 thimbles, each of them controlling a table, and supplying a diagnostic:
 thimble "pick up"

 thimble  "zones"

 thimble "timers"

  thimble "signalling"

 thimble "tripping

OK

The impedance diagram, in primary ohm, appears. 
You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram. To see entirely the transit, click on "zoom-"

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

You observe that the reactive reach of the relay gets out ofthe transit zone  . Indeed the forward and backward reaches are the 2rd and 4rd zones of the relay, reckoned  from the positive sequence impedance of the protected line. If you want that the out-of-step characteristic be stay inside the transit zone, you must modify the values  of reactive limits of the in the table "pick-up". You may also consider that the probability to find the working point in the overcome zone is very low, and ignore it.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose



T1 = 0,

 

T2 = 300 ms (selective with the coupling circuit breker of "Westminster"),                    

T3 = 450 ms. 



T4 = 450 ms 

In the table "signaling" choose if relevant the convenient system.

ok.

To save the values click on "substation", above, on the left, then "save values". OK, 2, OK, continue, leave, leave.

note please; You can also click on "leave", below the diagram, and follow the instructions. You can also click on the second icon above, on the left.
4 - 3 - Relay RXAP at substation Eton

Its working is explained in the book "protection and monitoring of the electrical energy transmission network", appendix Ra6, § 6 , RXAP",
Click on umbrella / execution, or umbrella.exe 

 Write in the boxes "substation A", "substation B", "substation C the name of the substations, so that the distances to the T point  be in increasing order, i.e. "Cambridge" in "substation A", " Westminster " in "substation B", "Eton" in substation C     

in "name of the relay", "new relay" is proposed; you agree, In "number of the relay" nothing; you agree.".

Click on "open". The table of the relays appears. Choose RXAP / create. An impedance plan appears, with solely the co-ordinate axes.

 Above on the left, click on "network", "three ended line". A scheme appears, showing the three ends of the link. Place the relay at point C.(on the printed results the name of this substation will appear in red fonts). 

note please: on this table a button " You have a short circuit calculation program at your disposal" invite you to enter the short circuit current values at each end. The aim of the asked values "Icc" is to detect if all the points of the line are seen by at least one end, and to determine if relevant  the signaling system to be used. The aim of the  values " Ipc" is to precise the setting of the second zones (see book, appendix 10) . 

The diagnostic appears in the table " REL 100  zones .Here you chooses for example 1000 for all Icc and 800 for all Ipc.

Click on  "network", "network options ", thimble "CT and VT.". Choose 1500 A and 90 kv; thimble "impedances power" you write into "substation A impedance " 58 (  ( 90² / (2x70));      " substation B impedance " 16,2  ( ( 90² / (2x250)); "substation C impedance" 101 ( (90² / (2x40)).

thimble "transit current". Enter in "current flowing in A ", 1000 A; in "current flowing in B ", 1500 A; in "current flowing in C", 500 A.. 

Click then on "network values ". Three thimbles appear:: "Cambridge - T point", "Westminster - T point", "Eton - T point ". Click on " Cambridge - T point " and enter the data obtained from the results of the book,  appendix Za3, § 1-6-2", i.e. (the values to be entered are written in red bold fonts)

- line length





 

   5 km

- positive sequence resistance 

5 * 0,0890
 = 0,445
(
- positive sequence reactance 

5 * 0,387 
= 1,935
(
- zero sequence resistance


5 * 0,363
 = 1,815
(
- zero sequence reactance


5 * 1,579 
= 7,895
(
Click on the active buttons and the module and argument values of the impedances appear.

Clik on "Westminster - T point" and enter

- line length







     10 km

- positive sequence resistance

10 * 0,0890
 = 0,890
( 
- positive sequence reactance  

10 * 0,387 
= 3,87

(
- zero sequence resistance


10 * 0,363
 = 3,63

(
- zero sequence reactance


10 * 1,579 
= 15,79
(
Click on the active buttons and the module and argument values of the impedances appear.

Click on "Eton - T point " et entre

- line length







   50 km

- positive sequence resistance

50 * 0,0890
 = 4,45

( 
- positive sequence reactance  

50 * 0,387 
= 19,35
(
- zero sequence resistance


50 * 0,363
 = 18,15,
(                                                                                        
- zero sequence reactance


50 * 1,579 
= 78,95
(
 Click on the active buttons and the module and argument values of the impedances appear.

. OK

Appears an empty impedance plan. 

Click then on  three phase loop, maximal  current " 

note please: in the configuration "three ended line ", t he load report is never considered, as too complicate. The diagrams obtained with "three phase report" and "maximal transit are identical.. 

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 4 thimbles, each of them controlling a table, and supplying a diagnostic:
 thimble "zones"

 thimble "pick-up"

  thimble "signaling"

 thimble "timers"

OK

The impedance diagram, in primary ohm, appears. 
You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram. To see entirely the transit, click on "zoom-"

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose T1 = 0, T2 = 300 ms (selecti ve with the coupling circuit breaker of "Westminster",  T3 = 450 ms, T4 = 450 ms 

The diagram shows that the pick surrounds neither the origin, nor the second zone. To get to rights, click on "setting", "pick-up" and you change the pick-up parameter from  2 to 4. You can also cancel the out-of-step, or lower the image, or choose the elliptic version of the RXAP. 

To save the values click on "substation", above, on the left, then "save values" OK, 3, OK, continue, leave, leave.

note please; You can also click on "leave", below the diagram, abd follow the instructions. You can also click on the second icon above, on the left.
5 - Link Oxford - Johnny Walker

It is a link 90 KV which supplies a customer. Its length is 20 km0.

It is protected by a relay S321 - 5 at the substation "Oxford" and by a relay EPAC at the substation "Johnny Walker".

At first, you must empty, if relevant, the database. Click on VB98/database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the lines. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column nom "sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5".

5-1 - Relay S321-5 at substation "oxford"

This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendixR, S321-5)

Click on umbrella.vbp/ exécution, or umbrella.exe. Write in the box "substation A" the name "Oxford ", in "substation B" the name " Johnny Walker ", name of the relay",  "new relay" is proposed; you agree, In "number of the relay" nothing; you agree.

Click on "open". The table of the relays appears. Choose S321-5 /create. An impedance plan appears, with solely the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " single circuit line", "long line", "end to a customer ".

Thimble "CT" and "VT", write 1000 A, 90 kV. Thimble "impedance, power" write into the box "transformer at substation A" 32,5 ( (impedance of both  transformers 125 MVA of Oxford, seen from 90 kV side), into the box "transformer at substation B", 202 ( ( impedance of the transformer of Johnny Walker) 

Thimble "transit current": You have a single box: total current through both lines. Here there is only one line, so you enter the maximal current which can run through this line, i.e. 1000 A  . 

Click then on "network values". Enter  the data reckoned in the book, appendix za3, § 1-7-3",i. e.

(the values to be written are in red bold fonts)

- line length







   20  km

- positive sequence resistance 

20 * 0,0890
 = 1,78

(
- positive sequence reactance  

20 * 0,387 
=  7,74

(
- zero sequence resistance


20 * 0,363
 = 7,26

(                                                                                        
- zero sequence reactance


20 * 1,579 
= 31,58
(
An empty impedance plan appears.

Appears successively:

a table where you find the zone values, and the rated values of the reducers,

a table  with 5 thimbles, each of them controlling a table:

  - thimble "zones"

  -  thimble "out-of-step"

  -  thimble "timers"

  -  thimble "current thresholds"

  -  thimble "other parameters"

 OK.

The impedance diagram, in primary ohm, appears. 
You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram. To see entirely the transit, click on "zoom-"

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The only button "maximal transit" is available

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

If you want to change some of the values inscribed in the different tables, and especially the timers and the signaling, clixk  on the button above "set". Here the timers   are set according to the constraints of the customer.

To save the values click on "substation", above, on the left, then "save values", OK, 1, OK, continue, leave, leave.

note please; You can also click on "leave", below the diagram, and follow the instructions. You can also click on the second icon above, on the left.
5-2 - Relay EPAC by the customer "Johnny Walker"

This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, EPAC)" 

You saved the data concerning the end "Johnny Walker" at the substation "Oxford", you leave in the box "substation A" the name "Oxford". You leave in the box "substation B" the name "Johnny Walker". In the box " protective relay", "new relay is proposed, you agree; in "number" nothing, you agree. "Open", "Epac", "create". The impedance plan , in ohm "primary" appears. Click on "two ended line" place the relay into B. Test that the menus "network option" and "network values" are correctly filled, i.e. identical to those of the other end. Click then on "three phase loops and maximal transit". and proceed as  explained in § 3-2.

If you see appear the mention "incompatible data" when you bring to front the table" signaling", replace the button "one phase for first step and second step" by "three phase for all steps". 

note please: according to the asks of the customer you may use the functions "echo" ao/and "weak infeed".

6 - Link Balmoral -  Tipperary

It is a 400kV line, length 130 km.

The wires of this link are installed on the same towers as another line which supplies another substation, as drawn on the network scheme. That other line has a length of 150 km. 
At first, you must empty, if relevant, the database. Click on VB98/database/bd2.mdb, where you find the tables "départ"(end);"ligne"(line); "parapluie"; "piquage"(T point); "poste"(substation); "réglage" (setting); "tr"(calculated values) that you delete by a click "right" on the left cell of the lines. You must not rub out the table "protection". If you did, rewrite it by entering in the column id: 1,2,3,4,5,6,7,8,9,10,11,12, and in the column nom "sa511", "epac","pd3a", "pds", "pxlc", "pxlp", "pxln", "razoa", "rel100", "rez1", "rxap", "s321-5".

6 - 1 - Relay 7 SA511 at the substation "Balmoral"
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, 7SA511
Click on umbrella.vbp, execution, or umbrella.exe. You  see appear a table. Write in the box "substation A" the name "Balmoral", in the box "substation B, "Tipperary; ", in "name of the relay", "new relay" is; you agree; in "number of the relay" nothing; you agree.
Clik on "open" The table of the relays appears. Choose. 7SA511 / create. An impedance plan appears, with only the co-ordinate axes.

Above, on the left, click on "network", "network options", thimble "type of line", where you choose " double circuit line", "long line", " the line owns one or several earth cables ", (see book, sixth part, §3112, first / second zone reactance) " interconnection line". 

Thimble "CT" and "VT", write 2000 A, 400 kV. Thimble "impedance, power" write in the box "transformer at substation A" 66 ( (impedance of the four  600 MVA transformers), in the box "transformer at substation A" 133 ( (impedance of both  600 MVA transformers of Tipperary). 

Thimble "current transit": enter in "admitting a three-phase cycle ", 2000 A, in "admitting a one-phase cycle" 2400 A, in " without reclosing cycle ", 3000 A. 

Choose "with load report ".

Click then on "network values". Enter the data reckoned in the book , appendix Ra3, § 1-7-2", i.e

-line length






130 km

- positive sequence resistance 

130 * 0,0213
 = 2,769
(
- positive sequence  reactance

130 * 0,302 
= 39,26
(
- zero  sequence resistance


130 * 0,0678
 = 8,814
(
- zero  sequence  reactance


130 * 1,008 
= 131,04
(
kom 



       

 0,644
(The values to be entered are written in red bold fonts)

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

Click on "three-phase loop and load report " 

Appear  successively 

- a table which gives the values of the zones and the rated values of the measurement reduceurs 

- a table "load report "

In this table you read a load report factor 1,576. This means that if a line, parallel to the line "Balmoral-Tipperary" and identical, , trips on the three phases, the transit will be multiplied by 1,576. The impedance of this line would be the one of the line "Balmoral - Tipperary", i.e. 39,26 (. Indeed the parallel line is longer and its impedance is 39,26 * 150 / 130 = 45,3 (. You click on "reckoning of the load report factor" you activate " adjacent line voltage 400 kV", positive sequence resistance of the adjacent line"45,3" ,  you click on "reckon" and you obtain the new load report factor i. e. 1,511.  

. a table  with 5 thimbles, each of them controlling a table:

- thimble "out-of-strep"

- thimble "zones 1 and 3"

- thimble "zones 3 ad 4
- thimble "affectation", (starting threshold)

- thimble "timers and signaling" (empty)

OK, 

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( right lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.
Note please: The relay 7SA511 owns a percentage zero sequence  current module. Its aim is to commute the pick up from the phase to phase loops to the phase to earth loops, in case of one phase fault. In case of one phase fault on an adjacent line, followed by a one phase tripping and reclosing, this module does not work. That is why the button "one phase loop and report" is disabled. 

But other protective relays own a module with a steady threshold, which can be set. In case of load report during a one phase reclosing cycle on an adjacent line, this relay may work. The button "one phase loop and load report" is then enabled

Module with steady threshold: Pd3a, Pds, Pxlc, Razoa, Rel100, Rez1, S321-5  

Module with  percentage threshold  : Sa511, Epac, Pxlp, Pxln, Rxap

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose 


   T1 = 0;



T2 = 300 ms  - sélective withthe coupling circuit breaker of Tipperary



T3 = 450 ms - selective with the second step of the ends of Tipperary 



T4 = 450 ms - selective with the second step of the ends of Balmoral

In the table "signaling" choose the button "acceleration". OK

To save the data, click on "substation"(above at left) then "save values" OK,1, OK,confrm, leave, leave

You may also click on "leave" below on the right and follow the instructions
You may also click on the icon above, second from the lef
6 - 2 - Relay REZ1 at the substation "Tipperary"
This relay is studied in the book  " protection and monitoring of the electrical energy transmission network",  appendix Ra6, REZ1
Click on umbrella.vbp, execution, or umbrella.exe. You  see appear a table. Write in the box "substation A"the name "Balmoral", in the box "substation B, "Tipperary ", in "name of the relay" , "new relay" is proposed; you agree; in "number of the relay" nothing; you agree

Click on "open" The table of the relays appears. Choose. REZ1 / créate. An impedance plan appears, with only the co-ordinate axes.

Click on "two ended line". Place the relay in B
Above, on the left, click on "network", "network options", thimble "type of line", where you choose " double circuit line", "long line", " the line owns one or several earth cables ",(see book, sixth part, §3112, first / second zone reactance) " interconnection line". 

Thimble "CT" and "VT", write 2000 A, 400 kV. Thimble "impedance, power" write into the box "transformer at substation A" 66 ( (impedance of the four  600 MVA transformers), in the box "transformer at substation A" 133 ( (impedance of both  600 MVA transformers of Tipperary). 

Thimble "current transit": enter in "admitting a three-phase cycle ", 2000 A, in "admitting a one-phase cycle" 2400 A, in " without reclosing cycle ", 3000 A. 

Choose "with load report ".

Click then on "network values". Enter the data reckoned in the book,  appendix Ra3, § 1-7-2", i.e

-line length






130 km

- positive sequence resistance 

130 * 0,0213
 = 2,769
(
- positive sequence  reactance

130 * 0,302 
= 39,26
(
- zero  sequence resistance


130 * 0,0678
 = 8,814
(
zero  sequence  reactance


                     130 * 1,008 
= 131,04
(
kom 



       

 0,644
(The values to be entered are written in red bold fonts)

Click on the active buttons and the modulus and argument values of the impedances appear. OK

The empty impedance plan appears at new. 

Click on "three-phase loop and load report " 

Appear  successively 

- a table which gives the values of the zones and the rated values of the measurement reduceurs 

- a table "load report "

In this table you read a load report factor 1,576. This means that if a line, parallel to the line "Balmoral-Tipperary" and identical, , trips on the three phases, the transit will be multiplied by 1,576. The impedance of this line would be the one of the line "Balmoral - Tipperary", i.e. 39,26 (. Indeed the parallel line is longer and its impedance is 39,26 * 150 / 130 = 45,3 (. You click on "reckoning of the load report factor", you activate " adjacent line voltage 400 kV", positive sequence resistance of the adjacent line"45,3" ,  you click on "reckon" and you obtain the new load report factor i. e. 1,511. 
- a table  with 5 thimbles, each of them controlling a table:

- thimble "out-of-strep"

- thimble "zones 1 and 2"

- thimble "zones 3 and 4

- thimble "starting thresholds"

- thimble "timers and signaling" (empty)

OK, 

The impedance diagram, in primary ohm, appears

You may zoom by clicking right on the diagram. With "ideal zoom" you see entirely the diagram of the relay  inscribed in the transit diagram.

The box below on the right allows to make appear or disappear the different elements of the drawing ( straight lines and circles).

The menu "trace", above on the left, allows you to  choose the colors of the different elements.

Click on "phase -to-earth loops and load report"

The one phase load report factor appears: 1,525/ reckon/ 45,3/ 1,462/ OK.

Tables.
Note please: the relay REZ1 owns an earth current module with a steady threshold. A commutation from the phase to phase loops to the phase to earth loops in case of one phase tripping - reclosing cycle on an adjacent line may happen in case of important transit. The button "phase to earth loop and load report" is then enabled and allows to place the phase-to-earth pick-up characteristic   in relation with the transit. But other relays own a zero sequence current percentage threshold, insensitive towards the one-phase reclosing on an adjacent line,  and for them the button "phase - to - earth loop and load report is disabled.  

module with fixed threshold: Pd3a, Pds, Pxlc, Razoa, Rel100, Rez1, S321-5  

percentage threshold  : Sa511, Epac, Pxlp, Pxln, Rxap

If you want to change some of the values inscribed in the different tables, and especially fill 

the timers (see book, third part,§ 1 - 1 -1)   and the signaling table (see book, third part,§ 2 - 1 -5), click on the button  above "set". Here you can choose


   T1 = 0;



T2 = 300 ms  - selective with the coupling circuit breaker of Tipperary



T3 = 450 ms - selective with the second step of the ends of Tipperary 



T4 = 450 ms - selective with the second step of the ends of Balmoral

In the table "signaling" activate the button "acceleration". OK

To save the data, click on "substation"(above at left) then "save values" OK,1, OK, Confrm, leave, leave

You may also click on "leave" below on the right and follow the instructions.
You may also click on the icon above, second from the left.
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