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Protection 3 

1.0 Introduction  

 
Recall there are five basic classes of relays: 

 Magnitude relays 
 Directional relays 

 Ratio (impedance) relays 
 Differential relays 

 Pilot relays 
We study the directional relay in these notes. 

This material addresses section 13.2 in your 
text. 

 
2.0 Directional relays – Tripping Logic 

 
Directional relays have protection zones that 

include all of the power system situated in only 
one direction from the relay location. (This is in 

contrast to magnitude relays which are not 
directional, i.e., they trip based simply on the 

magnitude of the relay.) 
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Consider the one-line diagram in Fig. 1. 
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Fig. 1 

If the relays R1 and R2 in Fig. 1 are directional 

relays, then  
- R1 “looks” to the left but not to the right, and 

- R2 “looks” to the right but not to the left. 
 

In order to understand how the directional relay 
works, first, consider that R2 measures the 

phasors V2 and I23. Now define the following 
parameters associated with Fig. 1: 

 L23: length of circuit 2-3. 
 x: distance from R2 to a fault on circuit 2-3. 

 λx=x/L23: the fraction of the circuit length 
between the relay R2 and the fault at point x. 

 I23: the current in circuit 2-3 resulting from the 
fault x on circuit 2-3 (a phasor). 

 V2: the bus 2 voltage (a phasor). 
 Z23: total series impedance of circuit 2-3. 
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If a fault occurs on circuit 2-3, at point x, then 
the fraction of total circuit length between R2 

and the fault is λx. If the circuit has uniform 
impedance per unit length, then the impedance 

between the relay R2 and the fault point is 
λxZ23, and with the bus 2 voltage being V2, the 

current flowing into circuit 2-3 from bus 2 is: 
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But recall that for transmission lines, it is 

generally the case that R<<X, and therefore  

2323 jXZ       (2) 

In that case, eq. (1) becomes: 
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Recognizing that 1/j=-90°, eq. (3) becomes: 
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Therefore I23 lags V2 by 90°. 
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Now if the fault occurs on circuit 1-2, at point y 
in Fig. 1, we can repeat the same analysis as 

eqs. (1)-(4), except for point y, where we use 
λy=y/L12,  The result will be 

 90
21

2
21

X

V
I

y     (5) 

But R2 measures I23, not I21. Reference to Fig. 1 
results in the conclusion that 
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Therefore, in this case, I23 leads V2 by 90°. 

 
From this simple analysis, we can establish a 

logic for the directional relay R1.  
Define θ23 as the angle of the phasor I23, i.e.,  

232323  II       (7) 

Then if we  
 trip when current exceeds pickup AND θ23=-90°  

 and block if θ23=+90°,  

the relay will be directional.  
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In reality, of course, the circuits do have 
resistance, and so eq. (3), for a fault at point x, 

should be  
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And eq. (6), for a fault at point y, should be: 
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Relations (8), (9) can be generalized as negative 

and positive angles, respectively. The current-
plane representing the associated relay logic is 

in Fig. 2: 
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Fig. 2 
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The tripping logic can be stated for R2 as 
-180<θ23<0, and |I23|>Ip  Trip 

0<θ23<180, or |I23|<Ip  Block 
where Ip is the pickup. 

 
The tripping logic for R1 (which measures I21) 

would be: 
-180<θ21<0, and |I21|>Ip  Trip 

0<θ21<180, or |I21|<Ip  Block 
 

3.0 Directional relays – when to use them 

 

Consider configurations where current flows 
from both ends of a circuit during a faulted 

condition. In such a case, you need breakers at 
both ends of the circuit because opening only 

one end will not isolate the fault. 
 

For example, Fig. 3 illustrates a radial 
configuration having sources at both ends. 

Figure 4 illustrates a “single-loop” system.  
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Fig. 3 
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Fig. 4 

One might consider using magnitude relays in 
these cases so that relays would open if current 

exceeded the pickup in either direction.  
 

The problem is, however, that the magnitude 
relays are extremely difficult to coordinate in 

such configurations. 
 

The following discussion applies to both.  
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For example, consider relay C. You might think 
to coordinate it with relay E, assuming that fault 

current comes from the bus 2 side, so that C is 
serving as the backup for E.  

 
Based on the coordination approach given in the 

“Protection 2” notes, we would then set E to 
operate as fast as possible, for any fault that it 

sees. Then we would set C to operate more 
slowly for faults between E and F. 

 
The problem with this scheme is, however, that 

because E is not directional, and because fault 
current flows from both ends, E sees faults 

between breakers C and D. Since E is set to 
operate as fast as possible, it may operate before 

D for a fault between C and D, thus 
unnecessarily de-energizing bus 3. Not cool. 

 
The solution is to use directional relays with the 

various relays “looking” according to the arrows 
given in Figs. 5 and 6. 
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Fig. 5 
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Fig. 6 

 
Then you would coordinate relays  

 A, C, and E together, assuming fault current is 
sourced only from the direction of relay A, and 

 F, D, and B together, assuming fault current is 
sourced only from the direction of relay F. 
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4.0 The effects of distributed generation 

Today, there is very high interest in the 

deployment of distributed generation (DG). DG 
is generation that is located in the distribution 

system. DG certainly includes rooftop solar, but 
it also includes other forms of generation, e.g., 

wind, gas-fired micro-turbines, diesel engines. 
 

A large percentage of distribution load is served 
by radial feeders, just as we studied in the notes 

called “Protection2,” and as illustrated in Fig. 7 
below. 
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Fig. 7 

Consider, however, the effects of providing a 

DG at bus 3, as illustrated in Fig. 8. 
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Fig. 8 
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When DG is installed on a radial distribution 
feeder, it is often the case that the feeder is 

protected by magnitude relays (non-directional 
overcurrent), but, as Fig. 8 shows, the DG may 

cause fault current to come from two directions. 
Therefore, DG installation on a radial feeder 

may require changes to the protection system so 
that 

 Directional relays are used; 

 Coordination for the entire protective system 
is revised to account for the directional relay 

characteristics. 
I have found some recent IEEE papers that 

address this issue in some detail. Below are 
some excerpts from [1]. 
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And some excerpts from [2]. 
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