Protect_ion and monitoring of the electrical energy transmission networks - Appendix 10

teed line setting
1 - The three ends are live
1 - 1 - First zone setting determination


The line is represented as follows
 (AT < BT < CT)


A

T

       DAC




        C





      DAB



       B

The first zone setting at respectively point A, point B and point C are:


X1A  = 0.8 * (XAT + XBT)


X1B  = 0.8 * (XBT + XAT)


X1C  = 0.8 * (XCT + XAT)

1 - 2 - Research of the possibility of protecting correctly the line 
The line is not correctly protected if some points cannot be reached by the first zone of any end.

- first question: is the point T seen by the end C?


Let us suppose that the impedance values can be distorted by an error of 10%, and that the measurement carried out by the relay may differ from the value set on the relay of 10 %. We are sure that he point T is seen by the ends A and C if:


0.9 * X1C > 1.1 * XCT



or


0.9 * 0.8 * (XCT + XAT) > 1.1 * XCT


i. e.


XCT < 1.89 * XAT




(1)

- second question: is the point T seen by the end B?

By the same calculation as above, we find:


XBT < 1.89 * XAT




(2)

- third question: if none of the conditions (1) and (2) is satisfied, the point T is however reached by the relay placed at end A. But does this relay reach all the points situated beyond T and not reached by the other relays?
Let us calculate 


- the short circuit currents ICCAC and ICCBC obtained respectively at point A and point B when the fault is at point DAC, which is the reach of point A first zone towards C; 


- the short circuit currents ICCAB and ICCCB obtained respectively at point A and point C when the fault is at point DAB, which is the reach of point A first zone towards B;

Let us accept the following approximation: the ratio Iccac / Iccbc does not vary between T and DAC, and the ratio Iccab / Icccb do not vary between T and DAB.


On the section TC,the first zone of the relay placed in A does no more reach DAC, but a point D’, defined by:


XTDAC = XTD’ * (IccAC + IccBC) / IccAC

with
XTDAC = 0.9 * X1A - 1.1 * XAT

A fault beyond D’ is reached by the first zone of the relay placed in C if:


XTD’ + 0.9 * X1C > 1.1 * XTC
The calculation gives the condition:

XAT * [2 * 0.9 * 0.8 - 1.1 + (IccBC / IccAC) * 0.9 * 0.8]
+XBT * (0.9 * 0.8) + XCT * (0.9 * 0.8-1.1) * (1+ IccBC / IccAC) > 0
By considering the section TB, we find also:

XAT * [2 * 0.9 * 0.8 - 1.1 + (IccCB / IccAB) * 0.9 * 0.8] 

+XBT * [2 * 0.9 * 0.8 - 1.1 - 
(IccCB / IccAB)* (1.1 - 0.9 * 0.8)] > 0

or, more simple

XAT * [0.34 + 0.72 * (IccBC / IccAC)] +XBT * 0.72 - XCT * 0.38 * (1+ IccBC / IccAC) > 0











(3)

XAT * [0.34 + 0.72 *(IccCB / IccAB)] +XBT * [0.34 - 0.38 *
(IccCB / IccAB)] > 0












(4)

When none of these conditions is satisfied, the line cannot be correctly protected without a signalling system.

note: the calculations are made for the phase-to-earth short circuit currents, and for the three-phase short circuit currents. For the phase-to-phase short circuit currents, the result is the same as for the three-phase ones.

1 - 3 - Second zone setting

Let us reckon the following short circuit currents


I’ccBA at point B, for a fault at point A


I’ccCA at point C, for a fault at point A


I’ccAC at point A, for a fault at point C


I’ccBC at point B, for a fault at point C


I’ccCB at point C, for a fault at point B


I’ccAB at point A, for a fault at point B

At point A we choose the higher of the two values


X2A = 1.2 * [XAT + XBT * ( 1 + I’ccCB / I’ccAB )]


X2A = 1.2 * [XAT + XCT * ( 1 + I’ccBC / I’ccAC )]

At point B we choose the higher of the two values


X2B = 1.2 * [XBT + XAT * ( 1 + I’ccCA / I’ccBA )]


X2B = 1.2 * [XBT + XCT * ( 1 + I’ccAC / I’ccBC )]

At point C we choose the higher of the two values


X2C = 1.2 * [XCT + XAT * ( 1 + I’ccBA / I’ccCA )]


X2C = 1.2 * [XCT + XBT * ( 1 + I’ccAB / I’ccCB )]

The reckon is performed for phase-to-earth and phase-to-phase faults

If the short circuit currents are not known, we choose:


at point A:
X2A = 1.2 * (XAT + 2 * XCT)


at point B:
X2B = 1.2 * (XBT + 2 * XCT)


at point C:
X2C = 1.2 * 3 * XCT
2 - One end is dead

In that case, the setting of the relay on the dead end is irrelevant.


We suppose that the first zone may overcome the line dead end.

2 - 1 - First zone setting.

If A is dead, 

X1B = X1C  = 0.8 * (XBT + XCT)


The point A risks to be reached by none of the relays B and C if both conditions are fulfilled:







  
I’ccCA





(1.1 - 0.9 * 0.8) * XBT + 1.1 * XAT * ( 1 +   
             ) - 0.9 * 0.8 * XCT > 0







  
I’ccBA







I’ccBA


- 0.9 * 0.8 * XBT + 1.1 * XAT * (1 +

) + ( 1.1 - 0.9 * 0.8) * XCT > 0







I’ccCA
If B is dead, 

X1A = X1C  = 0.8 * (XAT + XCT)

The point B risks to be reached by none of the relays A and C if both conditions are fulfilled:







  
I’ccCB





(1.1 - 0.9 * 0.8) * XAT + 1.1 * XBT * ( 1 +   
           ) - 0.9 * 0.8 * XCT > 0







  
I’ccAB







I’ccAB


- 0.9 * 0.8 * XAT + 1.1 * XBT * (1 +

) + ( 1.1 - 0.9 * 0.8) * XCT > 0







I’ccCB
If C is dead, 

X1A = X1B  = 0.8 * (XAT + XBT)

The point C risks to be reached by none of the relays A and B if both conditions are fulfilled:







  
I’ccBC





(1.1 - 0.9 * 0.8) * XAT + 1.1 * XCT * ( 1 +    
) + 0.9 * 0.8 * XBT > 0







  
I’ccAC







I’ccAC


- 0.9 * 0.8 * XAT + 1.1 * XCT * (1 +

) + ( 1.1 - 0.9 * 0.8) * XBT > 0







I’ccBC
2 - 1 - Second zone setting


The settings are elaborated by the same way as previously, except on the dead ends.
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