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Abstract - In this paper, the protectability of distance relay is 
furtherly researched. Based on the probabilistic modeling of the 
measurement errors, the protectability of three zones is presented in 
detail by considering their different protection aims denoted by 
sensitivity and selectivity. The optimal setting for the each zone can 
be obtained to provide a reference for the practical application. 

1. Introduction

   For transmission system, distance relay plays a very importance 
role. Many works on the adaptive distance relay setting were 
presented to meet the practical needs [1, 2].  "Protectability" was first 
proposed to indicate the protection level of the system or how good 
the protection system is, given a certain set of settings [3]. 
  In the preliminary research in [4], protectability is defined as an 
index to denote the protection level of both a single element and the 
whole system under current relay setting and variable system 
conditions. For distance relay, its measured impedance was modeled 
based on the probabilistic method[4, 5]. And protectability is defined 
including sensitivity and selectivity. Sensitivity is used to denote the 
ability to operate for the fault within its protection zone while 
selectivity means for the ability not to operate for the fault without 
its protection zone or cooperation capability with other zones. 
However, the weighting factors of these two parameters can only 
determined by the practical experience. 
  In this paper, the sensitivity and selectivity for each zone are 
explained individually by considering their different protection aims. 
And based on their aims, the weighting factors can be reasonably 
determined so that protectability and optimal setting for each zone 
can be achieved.

2. Probabilisty based Protectability Evaluation

  2.1 Protectability Evaluation for Single Line System
   Based on the preliminary research, because of the errors, 
setting   has an effective reach   which accords with a Gaussian 

Probability Distribution with that   equals 5 %[4].
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<Fig.1> Single Line Model System

  2.1.1 Protectability of Zone1
  Zone1 of distance relay is aimed to protect its own line, and not 
overreach the faults beyond the ending bus. So its selectivity should 
always keep "1" which means there is no mis-tripping for the fault 
in next line while its sensitivity shows the protection degree of the 
fault in its own line.
  With setting  , effective reach is  , with a deviation  , 

zone 1’s probability density is:
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 Fault located at   can be tripped correctly, so conditional 

probability of correct fault tripping at   can be defined by:
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  Fault location   is itself a random variable with probability density 
function    . zone1’s sensitivity can be defined as:

  
 

∞



             (4)

  With setting  , for the fault at length  , zone1 would not trip 

the fault when effective reach   . So its conditional probability 

of un-tripping fault in L2 and the selectivity of zone1 are shown as:
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  The objective function of protectability is given as follows:
                  (7)

 and  are the weighting factors with     . Here   

and     with the constraint of     . 

  The optimal setting of zone1 would correspond to the setting where 
its selectivity begins to decline, shown in Fig.2. And with this 
optimal setting, zone1 can get its maximum sensitivity satisfying the 
selectivity requirement.

<Fig.2> Sensitivity, Selectivity of Zone1

  2.1.2 Protectability of Zone2
  Zone2 aims to guarantee the protection of its own line beyond the 
setting of zone 1, and to provide back up for the neighbor lines[6]. 
Considering zone2's aim, its sensitivity should be "1" to trip for the 
fault at its own line and realize full protection. of the whole line. And 
selectivity of zone2 shows its coordination ability with zone1 of next 
line. Zone1 of next line adopts 80% of its line.
  The mis-tripping conditional probability of zone 2 of relay1:
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  Ｔhe non-tripping conditional probability of zone1 of R2:
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  So the incorrect tripping probability and protectability should be:
   ×              (10)
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Line Length(L1-L2) Optimal Setting Optimal Protectability
10-10 [11.4,15.4] 1
10-5 [11.4,12] 1
10-2 11.4 0.9848

Line Length(L1-L2-L3) Optimal Setting Optimal Protectability
10-10-10 21.4 0.9920
10-10-5 21.4 0.9844
10-10-2 21.4 0.9702

Line Length(L1-L2-L4) Optimal Setting Optimal Protectability
10-10-10 [11.4, 15.4] 1
10-10-5 [11.4,12] 1
10-10-2 11.4 0.9873
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The objective function of protectability is given as follows:
                  (12)

 and  are the weighting factors     . Here    and 

    with the constraint of     . 

<Fig.3> Sensitivity and Selectivity of Zone2

  Seen from the Fig.3 and Table 1,  the sensitivity equals "1" 
to satisfy the full protection of whole L1, and the optimal 
setting does not change with L2. For a long adjacent line, 
with no mis-coordination with next zone1, there would be a 
optimal setting band which satisfy both sensitivity and 
selectivity perfectly. However, with the decrease of L2 length, 
the selectivity would decrease because of larger probability of 
mis-coordination with zone1 in next line. 

<Table 1> Protectability of Zone2

  2.1.3 Protectability of Zone3
  Zone3 is decided to provide the maximum back to the neighbor 
lines, but without intersecting the zones 3 of their own primary 
relays. With similar evaluation process, its protectability should be 
determined by the selectivity with the constraint of sensitivity "1" 
and the zone2 setting of next line adopts 120% of its line. Seen from 
Table 2, for the same L1 and L2, its optimal setting does not change 
with L3. However, with the decrease of L3, protectability decreases 
because of larger probability of mis-tripping.

<Table 2> Protectability of Zone3

  
  2.2 Protectability of Multiple Lines System

<Fig.5> Model System with Multiple Lines

  For zone1, the multiple neighbor lines do not affect its protection. 
For zone2 and zone3, their sensitivity share same meaning with 
single line system, however, the selectivity evaluation must consider 
all the neighbor relays. Here we take zone2 for example. In Fig.5, the 
non-tripping probability of zone1 of R4 also need to be considered.
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  So the incorrect probability is:
    ×     (14)

Here,   ,   . These two rates 

are inversely proportional to their lengths because shorter line has 
higher probability of mis-tripping.

<Fig.4> Sensitivity and Selectivity of Zone2

  In Fig.4 and Table 3, we can notice that similar to the 
single line system, with the same L1, optimal setting does not 
change according with the neighbor lines. However, selectivity 
would decrease corresponding with the L4 length since the 
mal-operation probability increases if its length decreases.

<Table 3> Protectability of Zone2 of multiple neighbor lines

3. Conclusion

  In this paper, protectability of distance relay is evaluated 
and the optimal setting can be got through an objective 
function including sensitivity and selectivity with reasonable 
weighting factors by considering about the protection aim of 
each zone.  A full description of the developed procedures and 
analysis are also presented. With the optimal setting achieved 
could provide a good reference for the practical application.
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