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Document aim 
Following a study led on the protective relay pick up setting, it was found necessary to define the behaviour of the network apparent impedance on a healthy line.


The most unwanted pick up risk happen when the protected asset is overloaded.


This document gives element for the determination of the network apparent impedance seen from a substation, especially when a three phase or a single phase reclosing cycle occurs on a neighbour asset.


1 - load  report  DETERMINATION 
1 - 1 - Load report in case of three phase reclosing cycle on a neighbour overhead line.
1 - 1 - 1 - Issue definition
Determine the variation of the transit current on a line in case of three phase cycle on a parallel line.

The most constraining network configuration is the one we can meet when two networks are linked by two lines, and when the line having the lower impedance has tripped.

Each network is represented by an equivalent Thevenin generator, i. e. by an electromotive force in series with an impedance. 
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figure 1


EA 
:
source A   e.m.f.     

ZAS 
: 
source A positive sequence impedance


EB 
: 
source B   e.m.f.     

ZBS
: 
source B positive sequence impedance





ZL1 
: 
link 1 positive sequence impedance






ZL2 
: 
link 2 positive sequence impedance


Notations
The data written in majuscule letter are complex data.

Example: I, Z, V, U, ...





     
When they are represented by a vector, e. g. AB, this vector is noted: AB

Their modules are noted   I, Z, V, UAB.  

Mock up network 
In what follows, we neglect the line capacitance influence and we consider that the equivalent impedance of each asset have the same argument.

Both lines are linked to the forward and backward networks by the same electrical nodes, which are noted substation a and substation B.

The report goes from line 1 to line 2.

ZL2  is the impedance of line 2. ZL1 is the impedance of line 1, in reference with the voltage level of line 2. ZL1  and ZL2 are approximately equal when the rated voltage of both lines is the same, but may be very different when the line 2 is a line file by - passing a line of higher voltage (see fig 2). 

We study in a first time the case where, before the fault, both links are simultaneously run by their maximal currents It1 and It2. The report between the impedance of each link must be inverse from the one between the maximal transit current of each link, in reference with the same rated voltage (see § 114).



ZL1 * I1 = ZL2 * I2




(1)

1 - 1 - 2 - Load report reckoning
Let us call  ZL12 the impedance formed by both lines, functioning in parallel.
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In normal operation, the network equation is as follows:





    EA - EB


I1 + I2 =





(3)





ZAS + ZBS + ZL12

After tripping of line 1, we suppose that the generator electromotive forces did not change. This is true during a few milliseconds. Then, the e.m.f. variations, in module and in phase, make vary the impedance seen by the relays, but this cannot lead to an unwanted tripping, thanks to the out-of-step function. 

Let us call Ic the current in line 2 after line 1 tripping. The network equations become: 




      EA - EB


Ic =








(4)




ZAS + ZBS + ZL2


From equations (1) , (2), (3), (4)  we draw:



Ic
    Ic

I1 + I2

ZAS + ZBS + ZL12
ZL2



       =

    *

     =


         *



I2         I1 + I2

   I2

ZAS + ZBS + ZL2
ZL12
Let us call: 
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     ZAS + ZBS


      
     ZL2
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We find: 
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where :
- C is the load report factor,



- x is the ratio between source impedance and line impedance,

-  is the ratio between the impedance of the line remaining live and the        impedance of both lines in parallel

note: when both links have different rated voltages, the impedance of the transformers must be included in the impedance of the lower voltage link.
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figure 2
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1 - 1 - 3 - Influence of the voltage limitations
The constraint linked to the network stability on one hand, to the respect of insulation co - ordination on the other hand,  make it necessary to operate the 400 kV, 225 kV, 90 kV and 63 kV networks within following voltage limitations:

      
network 
400 kV:
Vmin = 360 kV/
[image: image3.wmf]3

    

Vmax = 420 kV/
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network 
225 kV        
Vmin = 200 kV/
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Vmax = 245 kV/
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network 
90 kV          
Vmin = 77.8 kV/
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Vmax = 100 kV/
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network
63 kV          
Vmin = 54.4 kV/
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Vmax = 72.5 kV/
[image: image10.wmf]3

   

The maximal values are given by the operation rules [115]. The minimum values comes from the "contrat Emeraude" [82] , (see also 9nth part, §52)for the  225 kV, 90 kV and 63 kV network. For the 400 kV network, it is a value sanctioned by use. 

On an other hand, the short circuit impedance of a network has a minimal value corresponding to the maximal short circuit current specified for this network. We call it zsmini.



network 
400 kV, 
zsmini = 3.66 ,
for Icc = 63 kA


network 
225 kV, 
zsmini = 4.12 ,
for Icc = 31.5 kA


network
90 kV,   
zsmini = 1.65 ,
for Icc = 31.5 kA


network
63 kV, 
zsmini = 1.15 . 
for Icc = 31.5 kA

We obtain then, for the load report C, an overvalue, by putting:




   ZL1

 4 * (Vmax² - Vmin²)


ZAS + ZBS < 

    * (


 
+ ZL2²    - ZL2) + 2 * Zsmini
     (10)



          ZL1 + ZL2
    
I2²






  and by using the formulae (5), (6), (7) where Zas + Zbs is replaced by the value above

The justification is given in the appendix A2 - 1
1 - 1 - 4 - Influence of the transit current limitation.

We studied the case where the ratio between the maximal transit current in each line is inverse to the one of the ratio between the impedance of each line. In that case, when the lines operate in parallel, they reach together their maximal current. It is then enough to replace in the preceding formula the current I2 by the maximal current It2. But the lines may differ from this ideal case. We distinguish two cases:  

- case n° 1

The line 1 is run by the maximal current It1, and the line 2 by a current I2 lower than the maximal current It2. It is for example the case when the line L2 was built a long time after the line L1. It is generally longer, for the builder met difficulties to find a route for the line, and its wires have a larger cross section, to prepare the future. Then we have:
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After report, the line 2 is run by:




        It1
 ZL1



Itc = C * I2 =  C * 
      *

* It2
=   C equivalent * It2


(11)




        It2
 ZL2

C equivalent is lower than C. When both lines belong to the same voltage level, C may overcome 2, but C equivalent generally remains lower than 2.

- case n° 2

The line 1 is run by a current I1 lower than its maximal current It1, and the line 2 is run by its maximal current It2.


The formula Itc = C * It2 is convenient. But as this case correspond generally to ZL2 < ZL1, the factor  C is generally much lower than 2 for the lines having the same rated voltage. 

Let us take a numerical example:

We consider two parallel lines. The impedance of the first one is ZL1 = 5 and its maximal current It1 is 1000 A. The impedance of the second is ZL2 = 8   and its maximal current is        It2 = 1200 A. The impedance of each source is the same: ZAS = ZBS = 20 . 

When the current on line 1 is 1000 A, he current of line 2 is 625 A

The formula (7) of § 112 gives C = 2.333.

The application of formula (11) gives:    
C equivalent = 2.333 * 0.52 = 1.21

Thus  
It  =  2.333 * 625  
=   1.21 * 1200 
=  1456 A

Reciprocally, if we invert the places of line 1 and 2 we find:  
C      = 1.555

But the initial current of the safe line is, in that case, 1000 A, and the current reckoned after load report is: 



Itc = 1.555 * 1000 = 1555 A

1 - 2 - Load report determination in case of single phase reclosing cycle on a nearby line.

On the EDF network, the single phase reclosing cycle is used exclusively on the 400 kV and 225 kV networks.

We study here the case of two identical lines only. 

The complete study of this configuration was achieved in the study [112]. A part of this study is copied in the appendix 2 - 2
The conclusions of this study lead to reckons too heavy to be used for setting determination. So we use the following approximation:

Let us call koL the earth factor of each line, supposed identical, and kom the mutual inductance factor between these lines; 

Let us call ko_link the earth factor of the whole link between Ea and Eb (see fig 1), and kom_link the ratio between the mutual zero sequence impedance between both lines and the positive sequence impedance of the whole link. 

If by chance the following relation is verified (Chorel condition):   





     kom_link


kol - kom = ko_link + 



see appendix 2 - 2, § 3 - 2





2
we find, from the formulae of the study in reference:

	
    Ir2                            Ir2 is the current of phase r on the line 2 after load report

              =    C                C is the three phase load report 

      It          

	
    Iy2          1         (kol - kom) * (3 - 2 * C) + 1            ( 3               Iy2 is the current of phase 

              = -       *                                                 - j *                       y on line 2 after load report

       It            2              kol - kom + 1                             2                



	     

    Ib2          1         (kol - kom) * (3 - 2 * C) + 1            ( 3                Ib2 is the current of phase

              = -       *                                                 + j *                       b on line 2 after load report

       It            2               kol - kom + 1                             2                 



	
     Ig2                                            2                                    Ig2 is the residual current

              =    (C - 1)  *  (3 -                              )                    on line 2 after load report

       It                                      kol - kom + 1                                           















(12)

An error reckoning shows that these formulae lead to acceptable errors when the values of kolink, kol, kom remain inside the range of the values usually encountered, i. e.:


0,25 

<  kol - kom 

< 0.60


0 

< kolink 

< 2 / 3


1,4 

< C 


< 2  


as an example, the Chorel condition is verified if:
kol = 0,66; 
kom = 0,2; 
kolink= 0,4; 
komlink= 0,12
The formulae giving Iy2cycle et Ib2cycle show that these values vary little during a single phase load report.


A quantitative analysis of formulae found in the study [112] leads us to admit that the angle variations introduced by the different impedance values may be neglected. 

As a conclusion, the single phase reclosing cycle load report factor between two identical lines in parallel is close to the three phase reclosing cycle load report factor C. To reckon the settings of the

distance protective relays, we always suppose that it is equal to C.  

1 - 3 - Determination of the behaviour of a single circuit line linking two independent networks in case of single phase reclosing cycle on this line. 

The complete study was achieved in the study [112], (see also the appendix 2 - 2). In this study it appears that if the earth factors kos of each source, as well as the earth factor kol, are equal to 2 / 3, the currents running through the safe phases Iy1cycle and Ib1cycle after opening of phase r are linked to the currents Iy and Ib which ran when the network was balanced by the following relations:



Iy1cycle + koL * Ig1cycle 
= 
Iy1 
= a² * It



Ib1cycle + koL * Ig1cycle 
= 
Ib1
= a  * It


It is the positive sequence transit current before opening of the phase r. 

Ig1cycle  is the residual current running after opening of phase r. 

 
We draw from these equations, by remarking that Ig1c = Iy1c + Ib1c:




       1                            
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Iy1cycle =     (-       
                 - j *            ) * It = (-         - j *         ) * It


              2 * ( 1 + 2 * kol)            2                       14             2
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Ib1cycle =     (-       
                 - j *            ) * It = (-         + j *         ) * It


                           2 * ( 1 + 2 * kol)            2                       14             2




   It   
       3    


Ig1cycle =  

 = -        * It


      1 + 2 * kol        7

If the factors kos and kol remain equal, but with values different from 2 / 3, the study [112] show that the following equalities remain correct:


    
  
    1                         
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Iy1c = (-       
            
- j *        )  * It  

     2 * ( 1 + 2 * kol)            2 


    
  
    1                          
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Ib1c = (-       
            
+ j *         )  * It  

     

      2 * ( 1 + 2 * kol)            2





  It   
 


Ig1c = - 


     1 + 2 * kol        
We notice that if  kol vary from 0.4 to 1, the ratios Iy1cycle / It and Ib1cycle/Itvary from 

0.91 à 0.88 . This case is never constraining.

2 -network  apparent  Impedance seen from one end. 

2 - 1 - Operation conditions 
These conditions determine the situation in which the line can be found, and for which the relay may neither send unwanted tripping orders, nor be blocked by their out of step system. 

People having in charge the network operation have to define these condition, as well for load reports inside a same voltage level a for load reports from one level to a lower level .

The usual constraints concerning the load report inside a same voltage level differ from one voltage level to another.   

· 400 kV network. The relays must be insensitive to:

. a functioning within the overload range «10 minutes, cold winter » , threshold noted Is2 - H2 

 (see 4th part § 11), 

. a single phase reclosing cycle on a line nearby, while the current was previously inside  the overload range «20 minutes - cold winter», threshold noted Is1 - H2,

. a single phase reclosing cycle on a line nearby, while the current was previously inside the overload range «10 minutes - inter - season», threshold noted Is2 - Inter - season.

These conditions are explained in the study [113]  

.

· network 225 kV. The relays must be insensitive to:

. a three phase or one phase reclosing cycle on a line nearby, while the current was previously lower 

than the load which can be indefinitely sustained in cold winter, threshold noted  «IMAP H 2»,

. a functioning within the overload range «20 minutes, cold winter » , threshold noted Is1 - H2.

· network 90 kV or 63 kV

The overloads are not admitted on these line. The control centre manages the network by limiting the load reports to current values which can be sustained indefinitely. But we take a margin of 15% on the value of this current. The relay must thus be insensitive to 1.15 * IMAP H2. 

However, the maintaining of the current to a value lower than IMAP H2 is sometimes obtained thank to over-current relays 5th part, §33). For these relays have time to work, the distance protective relays must be insensitive to a reclosing cycle on a line nearby run by the current IMAP H2.   

- Particular cases

. When a customer is supplied by two parallel dead end lines, each of them must sustain indefinitely the load report from the other. But the customer may have installed a load shedding system to prevent  from this situation, which allows  to increase the steady state burden of each line to IMAP H2. For this load shedding system has time to work, the distance relays must be insensitive to IMAP H2 line 1 + IMAP H2 line2. 

. The power plant output lines link directly each generator to a substation, and undergo no overload. The current is limited by the maximum active power that the generator may deliver, and by its maximum apparent power (see § 226).  

2 - 2 - Impedance seen in case of balanced transit.

2 - 2 - 1 - Preliminaries
Let us consider a line joining two substation A and B. The positive sequence data are solely present.
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    substation B
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                                                                                                           fig 3
Let us conider:


- I the positive sequence current run by the line; 

- VA and VB  respectively the positive sequence voltage, equal to the phasor voltages, measured on the substations A and B.

The impedance seen from substation A towards the line is the ratio ZA = VA / I. It is represented on the diagram beneath by the vector AM.

 The impedance seen from substation B towards the line is the ratio Zb = Vb / I. It is represented on the diagram beneath by the vector BM.
   





The ratio  AM / BM represent as well the ratio between the positive sequence voltages as the ratio between positive sequence impedance values:



AM / BM = ZA / ZB = VA / VB
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figure 4
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= argument  of the network impedance values 

2 - 2 - 2 - Constraints relative to the  transit current. 

The current at point A cannot overcome a value Imax, which depends on the line characteristics and on the operational conditions called up at § 21. As the voltage cannot be lower than Vmin, the impedance module cannot be lower than:




Vmin
     Vmin
 | Zt |



Z =

= 
        =     





(4)




 Imax
      C * It
    C

It is the maximal transit current module before load report, Imax the one of the maximal current running through the line after load report, and C the corresponding load report factor.

The point representing the impedance never can be found inside a circle that we call C1. Its centre is A, its radius is Vmin / Imax.

At point B we can do the same observation. Now we saw at § 221 that the impedance seen from point B is represented by the vector BM.

The point representing the impedance never can be found inside a circle that we call C2. It centre is B, its radius is the same as the preceding one. 

Example: line 225 kV 


Vmin = 200 kV / 
[image: image17.wmf]3




Vmax = 245 kV / 
[image: image18.wmf]3

 


ZL = 25 



Imax = 2000 A

On the diagram, 1 cm = 20 
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figure 5
2 - 2  - 3 - Constraints relative to voltages
We saw at § 113 that, for each voltage level, the voltage measured in the substations must be found inside a range limited by the values Vmin and Vmax defined in this §.

Let us suppose that the voltage at B is minimal, and that the voltage at A is maximal. We have (see 3rd part, § 21113):

               Vmin            BM


    =

               Vmax           AM 

M is situated on a circle C3, the centre of which is 3 and the radius R, defined by:



   
            
      Vmax²



A3 
= 
ZL *  
[image: image19.wmf]



(1)





  
Vmax² - Vmin²





        
     Vmin * Vmax



R 
=
 ZL *   
[image: image20.wmf]



(2)





      
     (Vmax² - Vmin²)

Likewise, if the voltage at B is maximal, and if the voltage at A is minimal, M is situated on a circle C4, having the same radius, and a centre 4 defined by:



   
   
      Vmin²



A4 
= ZL *  
[image: image21.wmf]



(3)





  Vmin² - Vmax²

he representative point of the impedance must be located outside these circles.

With preceding example we find:
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2 - 2 - 4- Superposition of the constraints relative to the voltages and current

The transit zone is external to the envelope of the 4 circles 
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figure 7

So as a relay does not risk to elaborate a false tripping, its starting zone, and eventually its out of step zone, must be entirely external to the 4 circles. For this it is generally enough to test that the intersection points of the four circles are located outside the pick up zone, and eventually outside the out of step zone. These points are: 


Points N1 and N2 : intersections of circle C1 and of circle C2


Points N3 and N4 : intersections of circle C2 and circle C3


Points N5 and N6: intersections of circle C1 and of circle C4.

Let us determine the affixes of these points.

2 - 2  - 4 - 1 - Points N1 and  N2
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          figure 8
· j( - )

 
AN1 =   [Vmin / C * It)] * e                          with  cos  = ( ZL / 2) / (Vmin / C * It)


                                          j( + )


AN2 =   [Vmin / C * It)] * e                             "       "                       "

2 - 2 - 4 - 2 - Points N5 and N6


We obtain by solving the triangle A 4 N5 
A4² + AN5² - 2 * A4 * AN5 * cos  = 4N5²
thus, from (4)  of § 222 and (2) of § 223:
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 ZL² *
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 * cos  =


 (Vmax²-Vmin²)²      (C * It)²
Vmax ²-Vmin²      C * It  
   
   (Vmax² - Vmin²)²                       

thus:


         

        Vmax² - Vmin ²
      
        ZL *  C * It
      
cos  = 

     -     
[image: image24.wmf] 



   2 * ZL  * Vmin * C * It
2 * Vmin

and

     
                                         
      j * ( + )

      
AN5 =    - [Vmin / (C * It) ] * e

     
                                         
      j * ( - )

     
AN6 =    - [Vmin / (C * It)]  * e 


2 - 2 - 4 - 3 - Points N3 and N4


The angle  has the value found in preceding §.
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figure 10


                                              
j * ( - )    


AN3 = ZL + [Vmin / (C * It) ] * e


                                                 
j * ( + )


AN4 = ZL + [Vmin / (C * It) ] * e

2 - 2 - 5 - Supply of a customer
The impedance diagram is reduced to the circle C1 centred on A, with the radius:



 =   VA min / Itci. e. generally  Vmin / (2 * It) 

2 - 2 - 6 - Link between a power plant and a substation
The condition " P < Pmax" may be written:

3 * Vmin * I * cos  < Pmax,

 being the phase difference between the voltage and the current on the plant terminals.

Now

V / I =Z

thus:

3 * (V² min /Z) * cos < P max

thus more:
3 * (V² min / P max) * cos  < Z 

The impedance  Z = r + j * x  corresponding to a safe transit is defined by:


r =Z * cos >  3 * (Vmin² / Pmax) * cos² 


x =Z * sin >  3 * (Vmin² / Pmax) * cossin   


r >  (3 / 2 ) * (V² min / P max ) * ( 1 + cos ( 2 * ))


x >  (3 / 2 ) * (V² min / P max ) * ( sin ( 2 * ))

This is the equation of a circle. Its centre is located on the axis of the R. The circle runs through the origin. Its radius is:  

 
 = (3 / 2 ) * (Vmin² / P max )

The condition  S < Smax  becomes:

Umin² / Smax = Zmin3 * Vmin² / Smax

It is a circle centred on the origin.

The condition on the voltages, as seen at § 223, remains true. More, the transit flows always from A to B.

Case n° 1: Impedance seen by the relay located on the generator side.




Green: circles C3 et C4 


Pink: circle Smax










 
Red: circle Pmax
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figure 11


The safe functioning area is located on the right of the 4 circles and of the image of the line.

The affixes of the intersection  points of circles Smax and Pmax are:

          3 * Vmax²      j * Arc cos (Pmax / Smax)
               3 * Vmax²
- j *Arc cos (Pmax / Smax)

N1 =  

  * e



      N2 =  
       * e


 Smax




     
       Smax
Generally  Pmax / Smax = 0,8





Case n° 2: 
Impedance seen by the relay located in the substation 



green: circles C3 et C4 


pink: circle Smax










 
red: circle Pmax


yellow: image of the line
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Figure 12

the circle  Pmax runs through point B. Its centre is placed on an horizontal running through B. 

The safe functioning area is located on the left of the 4 circles and of the image of the line.

The affixes of points N3 and N4 are deduced from those of N1 and N2 of the preceding figure by a symmetry in relation with the origin and a translation equal to the impedance of the line:


N3 = - N1 + ZL






N4 = - N2 + ZL 
2 - 3 - Impedance seen from one end in case of single phase (r) reclosing on a parallel line 

2 - 3 - 1 - Impedance seen on the phase to earth loop which undergoes the load report.  
The impedance used for distance measurement on the phase to earth loop is given by:




     Vr



Zr = 




Ir + ko * Ig

Other impedance values may be used for pick up, so a correction must be added for each relay, so as each characteristic be drawn in the impedance plan defined here. These transpositions are given for each type of relay in appendix 6.

Following the approximation defined on § 1 - 2, we have:








 3 * (kol - kom) + 1


Ir2c + kol * Ig2c = C * It +  kol * (C - 1)  *


          * It








     kol - kom + 1
We call  C' the load report factor on the current
Ir + kol * Ig 



 Ir2c + koL * Ig2c


C' =     
[image: image25.wmf]



It 

It is the transit current before the reclosing cycle;






3 * (kol - kom) + 1

thus
C'  = C  +  kol * (C - 1)  *


          






   kol - kom + 1
The circles C'1 and C'2 giving the limits of transit after load report have then the following radius:




    Vmin


Zt

Z' = 




=



Ir2c + kol * Ig2c
    
C'

Zt being the transit impedance before the fault. 

The circles C3  and C4 remain unchanged.

The intersections of circles C'1, C'2, C3, C4 are the points N'1, N'2, N'3, N'4, N'5, N'6. Their  affixes are obtained by the same way the ones of the pointsN1, ... N6, by replacing in the formulae seen at § 224, C by C' .
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figure 13

The point representing the transit is external to the envelope of the 4 circles, and the pick up characteristic inside. Generally the out of step characteristic is not considered in case of single phase reclosing cycle.  

Example 
we copy the first board of  § 113, and we add the values of  Ir2c / It et C' reckoned with  
    koL = 2 / 3,   and  koL - kom = 0.4

	length (km)


	
	    0
	  10
	  20
	  30
	  40
	  50
	  60
	  70
	  80
	  90
	  100

	 load report for 

 ZAS=ZBS=7.5  
	Icc in A 

  C

Ir2c / It

  C'
	34.6

    2

 0.65

 2.43
	28.8

 1.83

 0.55

 2.20
	26.4

 1.71

 0.48

 2.05
	25

1.62

0.44

1.97
	24

 1.55

 0.41

 1.91
	23.1

 1.5

 0.39

 1.86 
	22.4

 1.45

 0.37

 1.82
	21.8

 1.41

 0.35

 1.79
	21.3 

  1.38

  0.34

  1.75
	20.9

  1.35

  0.33

  1.73
	20.5

  1.33

  0.32

  1.71


	load report for 

ZAS=ZBS = 10 

	Icc in A

  C

Ir2c / It  

  C'
	23.1

  2

  0.65

  2.43                                 
	21.6

1.87

0.58   

2.25                
	20.4

 1.77

0.51

2.13
	19

 1.69

0.47

2.05
	18.3

1.62

0.44

1.97 
	17.8

  1.57

0.42

1.93
	17.3

  1.53

0.40

1.89
	16.9

1.49

0.38

1.85  

  
	16.6

  1.45

 0.37

1.82
	16.3

 1.42

0.35

1.80
	16

1.4

0.34

1.78


2 - 3 - 2 - Impedance seen on a phase to phase loop.  

The current, reckoned from equations (12) of § 12, is equal to:


Ir2c - Iy2c = j  *
[image: image26.wmf]3

 * It
where It takes the value It mono, which is the maximal load current before fault for which a single phase reclosing cycle must not make the relay pick up. 

The loop y - b is not disturbed.

2 - 4 - Impedance  seen from the safe phase earth loops of a line in case of single phase (r) reclosing cycle on this line.

The impedance used to measure the distance on the loops y - earth and b - earth are given by:




    Vy1c
    
    Vy1c


(see § 13)

          Zy1 =


        =




Iy1c + koL * Ig1c
      Iy1 




    Vb1c
    
    Vb1c

Zb1 =


        =






Ib1c + koL * Ig1c
      Ib1

These impedance values are weakly modified by the reclosing cycle, as Vy1c and Vb1c are respectively weakly different from Vy and Vb (variation due to the zero sequence current) 

The impedance values used for pick up, when they differ from Zy1 and Zb1, may be modified more strongly, but studies in usual case show that this case is always less constraining than the one seen at § 23 

3 - Conclusion
The results made out in this item is aimed to be used for the pick up and out of step setting calculations. Each distance relay type must be specifically studied, which allows, e. g., to determine if the single phase reclosing cycle are more constraining than the three phase reclosing cycles. The complete study is performed in specific items for each relay, grouped inside the  appendix 6. 

Indeed, each relay has a particular behaviour towards these types of operation, which depends on the input data, on the impedance used for pick up, on the zero sequence threshold (fixed or percentage), and on the design of out of step.  

These differences induce an important number of errors in the setting of the relays. For this reason it turned out useful to develop an interactive program proposing, for each type of distance protective relay operating on the EDF network, the settings adapted to its position on the network. The name of this program is PARAPLUIE  (Programme d'Aide au Réglage des Appareils de Protection de Ligne Utilisant l'Impédance Electrique). The English version of this program is named UMBRELLA.






Appendix 2-1


 Maximum transit current in case of three phase load report 

We look for a maximum value for the load report factor from a line (line 1) to another (line 2), by taking into account the transit current running through the line 2 before report, and the extreme value of the voltage, in any substation of the network. The hypothesis are the ones of the § 11.

We saw that, for a given transit and given line impedance values, the load report factor increases when the backward impedance increase. Now the impedance value must remain lower than a given threshold, instead of what the voltages could not remain inside the range defined in the § 113.

To evaluate the maximal impedance value of the sources, we use following mock up:















figure 1

This figure is deduced from the figure 1 of § 111, by splitting the backward impedance into to parts: 


- the impedance zsmini of each source corresponds to the maximal short circuit current of the considered network. It corresponds to very important substations. We name these substation A1 and B1. 


- the impedance values ZAA1 and ZBB1 represent the link between these substations and less important substations, where the relays can also be located. 

The voltages must remain inside the range Vmin - Vmax in the substations A1, A, B, and B1.








Diagram of the voltages appearing on the figure 1
The impedance elements are supposed having the same argument. On the figure, it is the angle between VA - VB and It. The points representing the voltage are thus on the same straight line.

The more the source impedance is high, the more the load report is  important. So we consider that, to meet the  highest source impedance, the voltage at A and B is Vmin, and the voltage at A1 and B1 is Vmax.

Let us notice that


VA - VB = ZL1 * It1 = ZL2 * It2,  

then
It1 = ZL2 * It2 / ZL1

(1)

In the triangle N H VA we find:


NH² = VA² - (ZL2 * It2 / 2)²  = Vmin² - (ZL2 * It2 / 2)²

In the triangle NHVA1 we find:

     
 (VA1 - VB1) / 2 ² = VA1² - NH² = Vmax² - Vmin² + (ZL2 / 2) * It2² 

Let us put  VA1 - VB1 = V 



V = 2 *     Vmax² - Vmin² + (ZL2 / 2)² * It





(2)         

We have also


V = (It1 + It2) * (ZAA1 + ZBB1) + It2 * ZL2





(3) 

The voltage value between O and E is:


VOE = V + 2 * zsmini * (It1 + It2)                                                                    
(4)

Now ZAA1 + ZBB1 , from (1), (2), (3), satisfy to:

V  = 
(ZAA1 + ZBB1) * It2 * (1 + ZL2 / ZL1) + ZL2 * It2 



       = 
2 *     Vmax² - Vmin² + (Zl2 / 2)² * It² 

or: 




  
(5)

The total source impedance is:


ZAS + ZBS = ZAA1 + ZBB1 + 2 * zsmini





We report this value into the formulae (5), (6), (7) of § 112 to obtain the load report C.

Example n° 1: identical lines 400 kV, 60  
i. e. about  200 km, 
It = 2000 A.

The maximum value of the short circuit impedance is:

ZAS + ZBS 
= 46.56 
The maximum value of the load report factor is then:

C 

=1.43

Example n° 2: identical lines 225 kV, 15   
i. e. about  50 km, 
It = 2000 A. 

The maximum value of the short circuit impedance is:

ZAS + ZBS 
=  32.76 
The maximum value of the load report factor is then:

C 

= 1.31

Example 3: 
line 225 kV, 15 , It1 = 2 kA, in parallel with a 

link  63 kV, I’t2 = 1 kA, Z = 8,5 , i. e. an impedance Zl2 
= 107.14 
The maximum value of the short circuit impedance is:

ZAS + ZBS 
= 67. 96  
The maximum value of the load report factor is then:

C 

= 3.77  


APPENDIX 2-2

Reckoning of the currents which appear during a single phase reclosing cycle.

This appendix is an extract from the study [112] of Henri Chorel 

During a single phase reclosing cycle on an overhead line of the transmission network, unbalances appear on the load currents of the disturbed line an of the nearby lines. These unbalances may involve false operations of the protective relays when the loads are important. 

To make an evaluation of the risk of shortcoming of these relays and to determine their setting, it is necessary to know the current and voltage values they acquire when a phasor of a line is open .  

The aim of the present study is the establishment of formulae giving the current and voltages as a function of the balanced load current preceding the opening of a phasor, in the case of a network represented by a generator and a receptor linked by one line or by two identical parallel lines.

1 - case of a single line linking two networks





 V
          I


  

       

~







       ~







    Z





   1



        2



Ea
ZaS





     ZbS
        Eb
Both networks are represented by their electromotive forces Ea and Eb, and by the source impedance values ZaS and  ZbS. They are linked by a single line, which impedance is Z.

Let us call z the total impedance of the link:

z = ZaS + Z + ZbS

The different variables used beneath are the vectors formed by the symmetric components:



 Eda


Edb


Id


Vd
|Ea| = 
   0

|Eb| = 
   0

|I| = 
Ii

|V| =  
Vi

   0

   
   0


Io


Vo

The matrix z is a diagonal matrix when the assets are geometrically balanced:



zd
 0
 0

|z| = 
  0
zi
 0
...


  0
 0
zo
In balanced functioning, only the positive sequence values are not null.



        Eda - Edb

It  =  Id  =




  zd

Let us reckon the phasor current Iy and Ib during a reclosing cycle on phase r. The reference is the load current It. We suppose that Ea and Eb do not vary. 

Whatever be the functioning, balanced or not, we can write:


|I| =| z| -1 * (Ea - Eb)

(1)

with, if |z| corresponds to a geometrically balanced network:



zd-1
 0
 0



     
zd * It

|z| -1 = 
  0
zi-1
 0

and       |Ea| - |Eb|= 
0


  0
 0
zo-1




0
Let us suppose that we insert in series with the line an  impedance 3 * X on the phase r and let us consider a line section of null length containing this impedance. If we call dVr, dVy, dVb the voltage drops inside this element, we have:

dVr = 3 * X * Ir


  dvr

3 * X
   0
0
Ir

dVy = 0


thus:
  dvy
  =
       0
   0
0    *
Iy

dVb = 0



  dvb

       0
   0
0
Ib

or, by using the symmetric components:


       dVd
   1
a     a²
        dVr
1   a   a²        3 * X   0   0
  1   1   1
Id

3 *  dVi     =  *   1  
a²    a 
   *   dVy   =    1   a²  a    *
0       0
  0    *
  a²  a    1    *   Ii

       dVo
   1       1     1
        dVb  
1   1   1
0       0   0
  a   a²   1         Io 




or:


dVd

X
X
X

Id


dVi
=
X
X
X
* 
Ii


dVo

X
X
X

Io

which is noted:


|dV| =| x| * |I|
The total impedance matrix of the link becomes





            X + zd
   X
      X


|z'| = |z| + |x|  = 
X
   X + zi     X




            X
   X
      X + zo


The inversion of this matrix gives:




  X * (zi + zo) + i * zo        - X * zo

      
  - X * zi
D * |z'|-1 =
- X * zo
                    X * (zd + zo) + zd * zo     - X * zd


- X * zi

        - X * zd
         
               X * (zd + zi) + zd * zi
where D is the determinant of the matrix, i. e.: zd * zi * zo + X * (zd * zi + zi * zo + zo * zd)

The opening of the phase r is simulated by making X infinite:



1



zi + zo

- zo

- zi
|z'| -1 =




*
- zo

zd + zo
- zd

(2)


zd * zi + zi * zo + zo * zd

- zi

- zd

zd + zi
So we find, from the equation (1), the values of the symmetric component of the current during the single phase reclosing cycle:

Let us call  yd = 1 / zd;
yi = 1 / zi;
yo = 1 / zo



yd


Id = (1 - 

   ) * It



     yd + yi + yo



yi


Ii =       -  

      * It



      yd + yi + yo



yo


Io =
-

       * It



       yd + yi + yo
The phasor currents have following values:


Ir = 0



3 * It

yo

    ( 3  * It
    2 * yi + yo

Iy = -

* (

     ) - j * 
        * ( 

  )



    2
        yd + yi + yo
          2
    yd + yi + yo


3 * It

yo

    ( 3  * It
   2 * yi + yo

Ib = -

* (

     ) + j * 
        * ( 

  )



    2
        yd + yi + yo
          2
    yd + yi + yo


      yo


Io = -

          * It



yd + yi + yo
As an example let us suppose that Zo = 3 * Zd. The value of the earth factor is:



Zo - Zd
2


kol =  

    =   

thus



3 * Zd

3





        7

        yo
         ( 3
        2 * yi + yo

Ib + 3 * kol * Io = -      * It  * 

   - j *        * It * ( 

     ) 




        2 
                yd + yi + yo
            2
         yd + yi + yo 




       7

        yo
          ( 3
     2 * yi + yo

Ic + 3 * kol * Io = -      * It  * 

  + j *        * It * ( 

   ) 




       2 
              yd + yi + yo
             2
      yd + yi + yo
Before phase opening we had:


Ir = It





  1

( 3


Iy = a² * It =  -
        * It  - j * 
          * It




  2

   2




  1

( 3


Ib = a  * It =  -
        * It  + j *           * It




  2

   2

Generally we suppose that zd = zi. This is always true for dead assets as lines, transformers, underground cables, .... For generators and motors, this is true during the few hundreds of milliseconds which follow the apparition of a fault: during this time the positive sequence impedance is the sub - transitory impedance, equal to the negative sequence impedance. As the duration of the single phase reclosing cycles do not exceed 1.5 sec, this approximation may be kept.. So we find:





7
          yo
         ( 3


Iy + 3 * kol * Io =  -
      * It * 

- j *
       * It





2
     2 * yd + yo

2





7
          yo
         ( 3


Ib + 3 * kol * Io =  -
      * It * 

+ j *
       * It





2
     2 * yd + yo

2

The imaginary terms of the currents do not vary, and so do  Iy - Ib. 




        1  
                                yo +  yd

     zd + zo
Remark: in that case, Id =       * ( Ir + a*Iy + a²*Ib) =

    * It = 

* It




         3


         
         yo + 2 * yd
    zo + 2 * zd
thus the equivalent scheme:





        - Ii        zi = zd          




                    

         
  Id

             




        E1







   E2






- Io
  zo




ZA1



       Z

   ZA2

The impedance element zi in parallel with zo is inserted in the link. The negative sequence and zero sequence currents run inside these elements.

2 - Case  of  two  parallel  lines linking two networks





I1








Zl1



       I



   Ea







          Eb



     Zas




     ZbS







 Zl2





I2




As in the preceding case both networks are represented by their electromotive forces Ea and Eb and by their source impedance elements Zas and Zbs. These networks are linked by the lines 1 and 2, having the same length, and the same impedance Zl1 = Zl2. 

When the functioning is balanced, the impedance matrix of the whole link is:


|z| = |ZaS| +  |Z|  + |ZbS|

(These matrices are diagonal)

|Z| is the impedance formed by both lines: |Z| = |Zl1| / 2 = |Zl2| / 2

It is the load current in each line when the functioning is balanced:




Ea - Eb

It = I1 = I2 = 


zd is the positive sequence component of |z|.




2 * zd
Let us reckon the currents Iy1, Ib1 of line 1, Ir2, Iy2, Ib2 of line 2, when the phase r of line 1 is opened, the reference being the current It. We suppose that the electromotive forces Ea and Eb  do not vary.

The reckoning is firstly made in the case where the zero sequence mutual impedance between both lines is null.

2 - 1 - Calculation of the total current  I

The calculation of the admittance matrix of line 1 during a phase r reclosing cycle is the same as previously, but limited to line 1. By putting 
Zd = positive sequence component of the matrix |Zl1|,
Zi = negative sequence component of the matrix |Zl1|,

Zo = zero sequence component of the matrix |Zl1|,     
Yd = 1 / Zd = Yi

 Yo = ɛ * Yd,
ZL'1|-1 is the matrix of the symmetric admittances bar to bar, i. e. including the opening gap of the line 1.
 the equation (2) of the § 1, applied to the line 1 becomes:




ɛ + 1

-1

- ɛ



    Yd









|Z'l1| -1 = 
  * 
-1

ɛ + 1

- ɛ

 


   2 + 






 

 


- ɛ

- ɛ

2* ɛ



For the line 2, the impedance Zl2 remains diagonal:



   1

0
       0

|Zl2| -1 = Yd *
    0

1
       0



    0

0
       ɛ
The admittance matrix representing both lines in parallel is:





2 * ɛ + 3
- 1


- ɛ


          Yd

| Z'l1| -1 + |Zl2| -1 = 
       *
- 1

2 * ɛ + 3

- ɛ




          ɛ + 2





- ɛ

- ɛ


4* ɛ + ɛ ²

thus, after inversion, the corresponding impedance matrix




  ɛ + 3

1

1

                Zd


|Z' |= 

        *
  1

ɛ + 3


         ɛ + 2)




  1

1

2 * (ɛ + 1) / ɛ
The impedance matrix sum of both source impedance elements is:  




zd - Zd / 2

0


0

|ZaS| +| ZbS| =
0


zi - Zd / 2

0




0


0


zo - Zd / (2* ɛ)

Thus the impedance of the link during the phase r reclosing cycle:






          Zd


Zd


Zd





       zd + 






     2 * (ɛ + 2)

       2 * (ɛ + 2)
      2 * (ɛ + 2)

|z'| = |ZaS| + |ZbS| + |Z'| =
        |Zd


Zd


Zd








          zi +





     2 * (ɛ + 2)

       2 * (ɛ + 2)
      2 * (ɛ + 2)





          Zd


Zd


Zd











          zo +





     2 * (ɛ + 2)

       2 * (ɛ + 2)
      2 * (ɛ + 2)

which gives, after inversion:



                Zd

D = zd * zi * zo +

        *
(zd * zi + zi * zo + zo * zd)




2 * (ɛ + 2)



        Zd


     - Zd


               - Zd


      zi*zo + 
        * (zi+zo)
                 
     * zo


     * zi


      2*( ɛ +2)

       
   2*( ɛ +2)
       
        
 2*( ɛ +2)



       - Zd


         Zd


    - Zd

D * |z'|-1 =

      * zo
  zd*zo +
        * (zd + zo)

     * zd


  2 * (ɛ +2)


     2*( ɛ +2)

       
   2*( ɛ +2)

        - Zd


          - Zd


         Zd


        * zi


           * zd        zd*zi +
     * (zd +zi)



    2*( ɛ +2)


        2*( ɛ +2)


    2*( ɛ +2)

As seen at § 1, the total current running from one source to the other is given by the matrix equation (1), linking the symmetric components: 







     

2*zd*It

|I| =| z'| -1 * (|Ea| - |Eb|)

with (|Ea| - |Eb|) =
0









0

Thus the symmetric components of the total current:

         2 * It


   Zd




         Zd*zi*zo
Id = 
          * (zd*zi*zo + 
            * (zd*zi + zo*zd)) =2 * It * (1 - 

      )

D

          2*(2+)




       2*(2+) * D                                           



Zd * zo * zd
Ii = - 2 * It *



2 * (2+ ɛ) * D



Zd * zd * zi
Io = - 2 * It *



2 * (2+ ɛ) * D

2 - 2 - Reckoning of the current in each line

The voltage drop between the ends of each line being the same, we can write the following matrix equation:

| Z'|  * | I|  = | Z'l1|  *|  I1|  = | Z l 2|  * | I2|  
thus:

| I1|  = | Z' l 1|  - 1 * | Z'|  * | I|   

and 
| I2|  = | Z l 2|  -1 *|  Z'|  * I

By replacing each term by its value, we find::






ɛ + 1

- 1

-1



         1

|Z'1|  -1 * | Z'|  =

  *
- 1

ɛ + 1

- 1



   2 * (ɛ + 2)






- ɛ

- ɛ

   2





   ɛ + 5

1

1



      1

|Z'2| -1 *| Z'| =

       *
   1

ɛ + 3

1



2 * (ɛ + 2)





   1

1

   2 * (ɛ + 1)



2 * (ɛ + 1) * zd * zi * zo + Zd *( zd * zi + zd * zo)

Id1 =   It *




2 * (ɛ + 2) * D



2 * zd * zi * zo + Zd *zd * zo
Ii1 = -  It *




2 * (ɛ + 2) * D



2 * ɛ * zd * zi * zo + Zd *zd * zi
Io1 = -  It *




2 * (ɛ + 2) * D



2 * (ɛ + 5) * zd * zi * zo + Zd *( zd * zi + zd * zo)

Id2 =   It *




2 * (ɛ + 2) * D



2 * zd * zi * zo - Zd *zd * zo
Ii2 =     It *




2 * (ɛ + 2) * D



2 * ɛ * zd * zi * zo - Zd *zd * zi
Io2 =     It *




2 * (ɛ + 2) * D

The phasor currents are given by:

Ir

1
1
1

Id

Iy
=
a²
a
1
*
Ii

         
Ib

a
a²
1

Io     

thus:

- total current:

 
    zd * zi * zo
 Ir = 2 *             
* It                                                        


D

 

    3 * Zd
    zd * zi * zo


        zd - zi              Zd * zd*zi*zo
Iy = - It * (1 + 
        )  *                
  - j * ( 3 * It (1+ 

      * 

       ) 



 2*( ɛ +2)*zo

D


     2*( ɛ +2)*zd*zi
       D



    3 * Zd
    zd * zi * zo


        zd - zi              Zd * zd*zi*zo
Ib = - It * (1 + 
        )  *                
  + j * ( 3 * It (1+ 

      * 

       ) 



 2*( ɛ +2)*zo

D


     2*( ɛ +2)*zd*zi
       D


    zd * zi * zo
           Zd

 Io = -              
* 

 * It                                                        



D
    (ɛ + 2) * zo


- current on line 1 

Ir1 = 0


            3* ɛ              3 * Zd
       zd*zi*zo           ( 3                     Zd*(zd-zi) *zo       

Iy1 = - It * [(                  + 
              ) *                  ] - j*         *  It ( 1 + 

              ) 


          2*(ɛ +2)       4*(ɛ +2)*zo
  D
           2
            2*( ɛ +2) * D


            3* ɛ              3 * Zd
        zd*zi*zo           ( 3                     Zd*(zd-zi) *zo       

Ib1 = - It * [(                  + 
              ) *                  ] + j*         *  It ( 1 + 

              ) 


         2*( ɛ +2)       4*( ɛ +2)*zo
  D
             2
             2*( ɛ +2) * D


       zd * zi * zo
ɛ
        Zd

Io1 = - It * 

   * (
        + 


    )



 D
         ɛ + 2
  2 * (ɛ +2) * zo

- currrent on line 2

Ir2 = 2 * It * zd * zi * zo  / D


            4 - ɛ              3 * Zd
        zd*zi*zo           ( 3                     Zd*(zd-zi) *zo       

Iy2 = - It * [(                  + 
               ) *                  ] - j*         *  It ( 1 + 

              ) 


          2*( ɛ +2)       4*( ɛ +2)*zo
  D
             2
            2*( ɛ +2) * D


           4 - ɛ              3 * Zd
        zd*zi*zo           ( 3                     Zd*(zd-zi) *zo       

Ib2 = - It * [(                  + 
              ) *                  ] + j*         *  It ( 1 + 

              ) 


         2*( ɛ +2)       4*( ɛ +2)*zo
  D
             2
             2*( ɛ +2) * D


       zd * zi * zo
ɛ
        Zd

Io2 =   It * 

   * (
        - 


    )



 D
         ɛ + 2
  2 * (ɛ +2) * zo
The earth factor kol of each line has the following value:


 Zo - Zd
1 - ɛ
 kol =

    = 


thus:


 3 * Zd

3 * ɛ



      zd * zi * zo         ɛ + 5
     ɛ - 1
 Zd

Ir2 + 3 * kol * Io2 = It *

   *   (
           -
        *
          )




              D
           ɛ + 2
  ɛ * (ɛ + 2)
  zo


        It
  zd * zi* zo                 Zd
        ( 3  * It
         zo * (zd - zi)

Iy1+3*kol*Io1 = -      *
         * (1+
           ) - j *             * (1 +

          )



        2
           D
       2 * ɛ* zo
             2
         2 * ɛ+ 2) * D

Iy2 + 3 * kol * Io2 = Iy1 + 3 * kol * Io1 



         It
    zd * zi* zo               Zd
         ( 3  *It
        zo * (zd - zi)

Ib1+3* kol *Io1 = -      *
          * (1+
           ) + j *             * (1 +

         )



         2
           D
       2 * ɛ* zo
              2
         2 * (ɛ+ 2) * D

Ib2 + 3 * kol * Io2 = Ib1 + 3 * kol * Io1

Before phase opening, we had:


Ir1 = Ir2 = It





              1

( 3


Iy1 = Iy2 = a² * It =  -
        * It  - j * 
          
* It




              2

   2




              1

( 3


Ib1 = Ib2 = a * It =  -
        * It  + j * 
* It




              2

   2

As for a single line, if zd = zi, the imaginary part of the currents Iy1 and Ib1 do not vary when the phase r trips. The current Iy - Ib is not disturbed.  

2 - 3 - Influence of the zero sequence mutual impedance

Let us call dVd, dVi, dVo the symmetric components of the voltage drops between the busbars located at each end of the parallel lines and let us suppose that we inset in series with the phase r of the line 1 an impedance 3 * X.

hen the zero sequence mutual impedance is null, the calculation of § 1 show that for line 1 we may write:


dVd 

X + Zd

X

X

Id1


dVi
=
X

X + Zd

X
    *
Ii1

(1)


dVo

X

X

X + Zo

Io1

For line 2 we have obviously


dVd 

Zd





Id2


dVi
=


Zd


    *
Ii2

(2)


dVo





Zo

Io2

The presence of the zero sequence mutual impedance adds to dVo a voltage Zom * Io2 for line 1, and Zom * Io1 for line 2, the values of  dVd et dVi being unchanged. 

Let us call: 
dV"o = dVo - Zom * (Io1 + Io2)

The equations above become:


dVd 
     X + Zd
X

X


Id1


dVi
=   X

X + Zd

X

      *  
Ii1


dV"o
     X

X

X + Zo - Zom

Io1


dVd 
     0

0

0


Id2


dVi
=   0

0

0

*  
Ii2


dV"o
     0

0

Zo - Zom

Io2

we find the same scheme as at the beginning of § 2, by adding to the source impedance the zero sequence mutual impedance, and by removing it from each line impedance.

So we can use the formulae seen at  § 2-1 and 2-2 by replacing:



           Zd
       
         Zd

- the ɛ factor  = 

by ɛ " =



           Zo
                 Zo - Zom

- the impedance of the whole link before opening of phase r of line 1:


Zda1 + Zda2 + Zd / 2
0
  


0

z  = 
0



Zia1 + Zia2 + Zd / 2

0


0



0



Zoa1 + Zoa2 + Zo / 2


by


Zda1 + Zda2 + Zd / 2
0
  

0

z"  = 
0



Zia + Zia2 + Zd / 2
0


0



0


Zoa1 + Zoa2 + Zom +(Zo-Zom)/2   

The term  + Zom correspond to the integration of the zero sequence mutual impedance in the source impedance, and the term - Zom / 2 to the influence of this impedance on both lines.


For the calculation of the currents running in both lines, we replace zo by 


z"o = zo + Zom / 2 

2 - 4 - Study of a particular case:


zd / z"o = ɛ "



        Zo - Zom





  ɛ "  -
1

By definition ɛ " = 

 that we can also write     kol - kom =




 Zd





       3




zo + Zom / 2






 more, we have, here      ɛ " =   

that we can also write




     zd

 
kom_link

ɛ " - 1

 ko_link + 


= 



         2


    3








    kom_link

The condition is thus :
kol - kom = ko_link + 









 2




This is the Chorel's condition

This condition is close to the one we can meet in real cases, as the earth factor kos of the sources is generally much lower than the one of the linesIt is generally close to- or lower then- zero.

So we obtain:


zd²
        Zd

D = 
        * (zd +       )


ɛ "
         2



zd

Ir2 = 2 * 

  * It =  C * It


      zd + Zd / 2

(C is the three phase load report factor, see § 112, equation 7)

indeed  this equation gives


1+x

C = 


1+ x / α

with 
x = (Zas + Zbs ) / ZL12,
 i. e, here, 
(Zas + Zbs ) /( Zd/2)


α = ZL2 / ZL12

i. e, here,
2  


zd = Zas + Zbs + Zd / 2

For both other phases we obtain


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

Iy2 = -      It * 



            - j *
   * It


 2      

kol - kom + 1

        2


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

Ib2 = -      It * 



            + j *
     * It


 2      

kol - kom + 1

          2


       

                 2

Io2 =  It * ( C
- 1) * (1 -

 
    )


                 
       3 * (kol - kom + 1)

Conclusion

When the Chorel's condition is fullfilled, a one phase reclosing cycle on a double circuit line yields a load report current on the same phase of the other circuit equal to the one obtained during a thre-phase reclosing cycle.
In the setting reckonings, it is supposed that this condition is always fullfilled.
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