
Protect_ion and monitoring of the electrical energy transmission networks - Appendix 8


Presentation of "umbrella" program
               (by clicking above you return to the general summary)
Computerised help for distance protective relay setting

when these relays are installed on the overhead Lines of the transmission network

1 - Position of the problem


Distance relay manufacturers compete each with other to improve the performances of their equipment, but a great part of their cleverness can turn out to be unusefull if the settings, which are in charge of the operator, are not correctly established.


A priori, the setting issue seems simple: 


the matter is to set the pick-up characteristic, and eventually the out-of-step characteristic, so as the relay be not  actuated when there is no short circuit on the neighbour network.


To perform it, it is enough to draw, in the same impedance plan, the internal border of the area where the operating point of the network may be located when there is no short circuit, and to set the relay characteristic so it does not overcome this border.
 
However, in actual practice, a number of errors appears. 


They are essentially due to the fact that the different comparators do not use, from one relay to the other, or even inside the same relay, the same voltages and the same currents as input data.


We can say also that they do not work in the same impedance plan.

1 - 1 - Relay input data

Some examples:

- 7 SA 511 from Siemens


Phase-to earth loops:



Vr / (Ir + ko*Ig); ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Anti out-of-step:



(Vr - Vy) / (Ir - Iy)

- EPAC and PXLN  from Alstom


Phase-to-earth loops, horizontal bands:
Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, slanting bands:

Vr / Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Anti out-of-step:



idem phase-to-earth loops

- PD3A  from Alstom


Phase-to-earth loops, horizontal bands:
Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, slanting bands:

Vr / Ir ; ...


Phase-to-phase loops, horizontal bands:
(Vr - Vy) / (Ir - Iy); ...


Phase-to-phase loops, slanting bands:
(Vr - Vy) / Ir; ...


Anti out-of-step:



idem phase-to-phase loops

- PDS  from Alstom


Phase-to-earth loops, horizontal bands:
Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, slanting bands:

Vr / Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Anti out-of-step:



the same as phase-to-earth loops, slanting bands

- PXLP  from Alstom


Phase-to-earth loops, forward image:
Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, backward image:
Vr / Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Anti out-of-step:



the same as phase-to-phase loops

- RAZOA  from ABB


Phase-to-earth loops:



Vr / Ir ; ...


Phase-to-phase loops:



(Vr - Vb) / Ir; ...


Anti out-of-step:



Vr / Ir

- REL 100  from ABB


Phase-to-earth loops, horizontal bands:
Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, vertical bands:

Vr / Ir ; ...


Phase-to-earth loops, phase selection:
Vr / Ir


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Phase-to-phase loops, phase selection:
(Vr - Vy) / Ir


Anti out-of-step:



the same as phase-to-phase loops

- REZ1  from ASEA (ABB)


Phase-to-earth loops, mho relay:

Vr / (Ir + ko*Ig); ...


Phase-to-earth loops, parallellogram:

Vr / Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy); ...


Anti out-of-step:



Vr / Ir

- RXAP from Compagnie des Compteurs (old fashioned)


Phase-to-earth loops:



Vr / 2 * Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / 2 * Ir ; ...


Anti out-of-step:



the same as phase-to-phase loops

- PXLC from Alstom


Phase-to-earth loops:



Vr /  Ir ; ...


Phase-to-phase loops:



(Vr - Vy) / Ir ; ...


Anti out-of-step:



the same as phase-to-phase loops

- S321-5 from Schweitzer

Phase-to-earth loops:



Vr / (Ir + ko * Ig) ; ...


Phase-to-phase loops:



(Vr - Vy) / (Ir - Iy) ; ...


Anti out-of-step:



the same as phase-to-phase loops

- LZ 95 from BBC (ABB)


Phase-to-earth loops:



Vr / Ir  ; ...


Phase-to-phase loops:



(Vr - Vb) / Ir  ; ...


The anti out-of-step is not based on an impedance principle

nota: 


The data given here make up a simplification regarding the operation way of the relays. 

Indeed most of them use three input comparators, on which can be found:

 
- a loop voltage, 


- the current running in the line, 


- the current running through the fault

As an example, the relay PDS uses, for the loop an horizontal bands:

 
- the voltage Vr, 


- the current Ir + ko * Ig, 


- the current Ir + Ig. 

Another example, the relay S 321-5 uses, for the loop a-n,


- the voltage Vr, 


- the current Ir + ko * Ig, 


- the current (3 / 2) * (I(-)r + Io).




( I(-)r = negative sequence current relative to the phasor current Ir)

But when the network is sound these two currents have the same phase, and the operation of the network can be represented in an impedance plan.
1 - 2 - Impedance plans
To insure the compatibility between

- the pick-up, and eventually anti out-of-step, characteristic, on one hand,


-the sound operation characteristic, on the other hand,

the pick-up and the anti out-of-step characteristics must be inside the out of fault  operation characteristic.

So this comparison be easy, the three characteristics must be drawn on the same impedance plan, for each measuring loop.

But the complex ratios between the data defined formerly correspond to impedance plans which differ from one relay to the other.

However the distance measurements are always elaborated in the same plans, i. e.

- for the phase-to-phase loops 
(Vr-Vy) / (Ir-Iy);   (Vy-Vb) / (Iy-Ib);   (Vb-Vr) / (Ib-Ir)

- for the phase-to-earth loops

Vr / (Ir+ ko* Ig);    Vy / (Iy+ ko* Ig);   Vb / (Ib+ ko* Ig);

So it seems norma to return every impedance into these plans. 

This leads to characteristic rotations and homotheties, which depend on the presence or not of a fault. Indeed:

- in case of balanced operation, 




 
j * 30°


Ir - Iy =  Ir *33  * e 


Ir + ko * Ig = Ir

 - in case of phase-to-phase fault on a line supplied by one end and without burden

Ir - Iy = 2 * Ir

- and in case of phase-to-earth fault in the same case


Ir + ko * Ig = Ir * (1 + ko)


examples:

Characteristic elaborated by the PXLC in the plan (Vr - Vy) / Ir

Plan (Vr - Vy) / Ir 

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

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




       in case of phase-to-phase fault

in case of balanced transit 













ratio 2
           

    ratio  3, rotation 30° 

Characteristic elaborated by the RAZOA in the plan (Vr - Vb ) / Ir

Plan (Vr - Vb) / Ir

Plan (Vr - Vb) / (Ir - Ib )

Plan (Vr - Vb) / (Ir - Ib)




        in case of phase-to-phase fault

in case of balanced transit












ratio 2


    ratio 3, rotation + 30°

Charactéristic élaborated by the PD3A
Horizontal straight lines obtained thanks to a comparator working in the plan Vr / (Ir + ko * Ig)

Slanting straight lines obtained thanks to a comparator working in the plan Vr / Ir

Plan Vr / Ir 




Plan Vr / Ir 

in case of  r-to-earth fault


in case of balanced transit





   X forward(1 + ko)










     X forward




Rd





Rd







flattening 

Plan Vr / (Ir + ko * Ig )


Plan Vr / (Ir + ko * Ig )

in case of  r-to-earth fault


in case of balanced transit





X forward





   X forward



    Rd / (1 + ko)




Rd






horizontal stretching

1 - 3 - Operating Characteristic without fault

1 - 3 - 1 -  Normal transit characteristic.

It is drawn in the positive sequence plan, which is the same as the plan used for the distance measurement.

Traditionally, the following characteristic is used:



Backward transit






Forward transit



The transit representative points can be found


- outside the circle having a radius equal to Vmin / Imax, 

Vmin being the minimum voltage on the substation and Imax being the maximum current flowing through the line,

 
- between two straight tilted of ± 30 ° towards the R axis,

so it is generally admitted that the reactive power flowing through a line does not overcome the half of its active power. 

But such a characteristic may prove to be unusefully constraining.

Indeed the control centre drives the network so as:


- the voltage remains, at each substation, inside a range limited by the minimum voltage Vmin and a maximum voltage Vmax, these values being defined for each voltage level,


- the current remains under the maximum admissible current Imax.

But they do not check the ratio between the reactive and the active power. The drawing of the 30° straight lines results of  a posteriori noting, and not of an operation rule.

The observation of the rules described above leads to place the operating point outside the following 4 circles:
C1 = circle obtained when on the close end A the voltage is Vmin, and the current Imax,

C2 = circle obtained when on the remote end B the voltage is Vmin, and the current Imax,

C3 = circle obtained when VA = Vmax and VB = Vmin, and when one voltage turns towards the other,

C4 = circle obtained when VA = Vmin and VB = Vmax, and when one voltage turns towards the other.

More we keep both ± 30 ° straight lines, which theoretically may be transgressed without the control centre be warned, but practically are not.
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1 - 3 - 2 - Balanced load report
When a fault appears on a line, it makes the line circuit breakers trip, than, after a time varying from a few hundreds of milliseconds to a few seconds, their reclosing, which succeeds in 95% of the cases. 

During the time lag when the line is insulated, the other lines of the network are overloaded.


It is important that, during that time lag, the relays of these lines do not release an unwanted tripping. 

The most constraining case is the one we meet when two networks are linked by two parallel lines only, and when through each of them the maximum current compatible with the geometry of the line flows.

If one of them trips, the transit on the other line is multiplied by a factor which is generally chosen equal to 2. 

In fact, this report is generally lower than 2, and all the lower since:

 
- the line is longer, 


- the initial current is greater, 


- the networks are more powerful. 

A maximum value of this factor for a given line and a given transit can be determined.

It corresponds to the minimum value of the short circuit currents of the end substations, fitted with the values of Vmax, Vmin and Imax.

example: 


- line 400 kV. Both lines are identical, 


- length 200 km (ZL = 50 ), 


- maximum transit current 2000 A. 

The maximum load report factor is 1,7.
1 - 3 - 3  - Single phase load report
On the 400 kV and 225 kV networks, it is asked to the systems protection-reclosure to trip only one pole of the circuit breaker, if a phase-to-earth short circuit is detected.

This leads to an unbalanced load report on the other lines of the network.

The constraints yielded by this type of report are different from one relay to the other:

 
- if a relay is equipped with a zero sequence current relay having a fixed threshold, set for example at  20 % of the rated current, in case of transit greater then this rated value it operates through the phase-to-earth loops, 


- if it is equipped with a zero sequence current relay having a percentage threshold, set for example at 20% of the highest phasor current, it operates through the phase-phase loops. 

Then, the behaviour of the relay depends on the comparator input data.

An analysis has to be performed for each type of relay.

1 - 3 - 4 - Relays placed on the outputs of the power plants
A particular transit characteristic is asked to set the relays placed on the ends of the lines linking the power plants to the network. 

For the relay placed on the power plant side and turned towards the network, the points representing the transit must be found outside of :

 
- a circle Cs centred on the origin, and determined by the maximum apparent power of the generator,


- a circle Cp centred on the R axis and running through the origin, and determined by the active power of the generator,


- the circles C3 and C4 defined previously.


They must also be on the right of the line image, the power flowing necessary from the power plant towards the network.
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For a relay placed in the substation and turned towards the generator,
we obtain a characteristic deducted from the one described before by:

 
- a symmetry toward the origin


- a translation equal to the image of the line.

1 - 3 - 5 -Customer supply
A particular characteristic is asked for the supply of the customer substations:

 
as the control centre cannot act on the voltage by the customer, 


and as the burden may be, for some applications as arc furnaces, strongly inductive,


the transit characteristic is reduced to the circle C1.
2 -  Reckoning program performed for the EDF.


This program was achieved not to impose, but to propose setting values.

The user may then modify them and test their validity on a diagram.


The program name is PARAPLUIE (umbrella), that is:

Programme d’


Aide au 



Réglage des 




Appareils de 





Protection de 






Ligne 







Utilisant l’








Impédance 









Electrique. 

i.e. program to help the setting of line protective relays using electrical impedance 
2 - 1 - Specified data:

Rated phase-to-phase voltage

400 kV;
225 kV; 
  90 kV; 
63 kV

Minimum phase-to-phase voltage
360 kV;
200 kV;
  77 kV;
54 kV

Maximum phase-to-phase voltage
420 kV;
245 kV;
100 kV;
73 kV

Maximum short circuit current:
  63 kA;
  40 kA
  31 kA;
31 kA

2 - 2 - Studied network cases

2 - 2 - 1 - Load reports

They are studied thanks to the appendix 2.
The load reports may be balanced or single phase. 


We can enter independently

- the maximum current beneath which a balanced load report has not to start the relay, 

- the maximum current beneath which a single phase load report has not to start the relay, 


- the maximum current beneath which the relay has not to start, but for which the insensitivity to load reports is not asked.

2 - 2 - 2 - Power plant output protection


The program studies as well the relays placed on the generator end as the relays placed on the substation end.

2 - 2 - 3 - Customers supply

In that case, the current which is considered is the total current that the EDF undertook to supply through the whole of the lines (one or two, or more). Consequently, the load reports are not considered.

2 - 3 - Line types considered

The protected overhead line may be


- a single circuit line, 


- a double circuit line, i.e. associated to a parallel line by a mutual zero sequence impedance,


- a double circuit line on only a part of its route,


- a three ended line (see appendix 10)

In that case a test is performed to know if all the faults may be seen in the first zone by at least one end.

The line may have or not an earth cable.

The signalling systems considered are those in use at the EDF, i. e. : 


-the acceleration


- the blocking overreach.

2 - 4 - Implemented relays

7SA 511;  

EPAC;  

PDS;  


PD3A; 

PXLP; 

PXLN;  

PXLC; 

RAZOA; 

REZ1;  

REL 100; 

RXAP; 

S 321-5.

Each of them was given a preliminary study
For each of them the program

- gives a number of boards proposing a setting value for each parameter,


- draws the transit characteristic and the relay characteristics from the setting parameters.


- elaborates a number of diagnostics allowing the operator to check that some constraints defined by the EDF are well respected.  


The operator may then change the proposed values. The program redraws then the characteristics obtained with these new values. 


When the operator is satisfied, he prints the settings.
on a sheet which can be sent to people having in charge their implementation on the equipment.

Another possibility is offered, to complete the settings: 

the superposition, in the same plan, of the characteristics of two relays placed 


- either at the same end,


- or on both ends of the same line, 


- or on two ends of the same substation.

This allows to detect a number of risks of unwanted tripping or of failures due to the unfitness of the characteristics of some relays each other.

2 - 5 - Implementation of the program

The program was achieved by using Visual Basic. 

The executable takes up about 2.5  Mega-bytes. It needs Windows 3.11 or later.
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