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Abstract— This paper proposes a methodology for the long UHV 
transmission lines distance protection using microprocessor for 
fault detection, isolation and auto reclosing processes. In the 
present era, with the development of microprocessor technology, 
their extra efficient controlling and computing abilities can be 
utilized in distance relaying for efficient computing of fault 
distance and the type of fault occurred on the transmission line. 
Using Symmetrical component theory a single performance 
equation is developed that will encounter all type of faults on 
transmission lines regardless of the nature of the fault. 
Microprocessor will process on these sequence components to 
estimate the type of fault and the distance of fault from the relay. 
ETAP is used as a simulation tool to obtain the desired results. 
Although the formulation described here is independent of 
hardware yet it provides a complete analytical base for distance 
protection and is analyzed for different types of fault conditions 
using simulation tools. 
 
Keywords- symmetrical components; distance protection; sequence 
circuits; faulty phase classification. 

1. INTRODUCTION 
In any electric power system, a protective relaying scheme is 
considered as the key element to ensure the reliability and 
continuous flow of power from the generating end to the user 
end. A protection scheme must protect electrical transmission 
lines and power generating equipments against the faults and 
consequent short circuits which may ultimately collapse the 
whole power system. Protective relays perform the function of 
monitoring of AC voltages and currents. These relays also 
locate and classify the faults and initiate the isolation by 
generating the tripping signal of circuit breakers. 
Microprocessor technology has efficient control and 
computational capabilities that can be utilized to implement 
distance relaying function with the intelligent fault diagnostic, 
sophisticated control and effective fault clearing features at a 
reasonable cost. Thus a protection scheme must apply a very 
pragmatic and pessimistic approach for clearing system faults. 
This paper proposes a digital scheme for long UHV 
transmission lines distance protection for fault detection, 
isolation and auto reclosing processes replacing the 
conventional analogue protection schemes. A microprocessor 
monitors the phasor values of currents and voltages at input 
and output side, samples and quantizes the input waveform to 
process with the digital values of pre fault and post fault 
currents and voltages values [2, 3, 5, 6]. Furthermore in a 
normal distance relaying system that uses phasor values of 

voltage and current as input, six impedance calculating units 
are required for all ten types of shunt fault that may occur in 
transmission line but with the symmetrical component analysis 
tool these six impedance calculating units can be replaced by a 
single unit which will result in a considerable optimized and 
efficient protection system [2, 3]. 
With the use of symmetrical component theory a single 
performance equation is derived and implemented to 
encounter all types of faults. So a single impedance unit is 
used to calculate the location of the fault. Further this 
implementation also distinguishes between the faulty and 
healthy phases and the type of fault by employing the 
proposed algorithm. So overall this single performance 
equation based digital methodology is highly suitable for 
digital microprocessor applications to ensure the efficient and 
reliable protection of the transmission lines.  

2. DATA SAMPLING AND FILTRATION 
TO OBTAIN PHASOR VALUES 

Symmetrical components theory states that a poly phase 
supply of unbalanced phases can be resolved into symmetrical 
components and in case of three phase, these symmetrical 
components are given by 
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Where X can either be a voltage or a current signal and Xz, Xp 
and Xn are zero, positive and negative sequence components 
respectively .The coefficients α and 2α  are (-0.5 +j0.866) 
and (-0.5-j0.866) respectively. 
Consider a sinusoidal input signal 

( ) )sin(2 φω += tXtx of frequency ω , whose phasor 

representation is φφφ sincosexp' jXXXx j +== . 
Suppose that ( )tx  is sampled at t=kT, {k=0, 1, 2,. . .}. Where, 

kx =x(kT) and  k = 0, 1 , 2 ……..   Its discrete Fourier is  
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We will use the sampling rate of 600 Hz due to the advantage 
of using 12 samples per cycle of the data window discussed in 
[2,3]. For N=6, half data cycle window, the equation (2) 
becomes, 
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After spanning (3) for half cycle data window, the new value 
is given in (4) 
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(5) Is determined using (1) and (4) that represents a recursive 
relation for three symmetrical components to process further 
in microcomputer applications as given in [3]. 
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Where 1+lX : recursive value of lX and )
6

exp(
9
1     πω kjl −=  

3. IMPROVED PERFORMANCE 
EQUATION FORMATION 

The symmetrical components based method to calculate the 
exact fault distance was proposed by A.G. Phadke [2] that 
processes the both real and imaginary parts of sampled data 
simultaneously to calculate the fault distance. However the 
computational efficiency of this process can be significantly 
increased by processing   real parts of sampled data from the 
both end of the transmission line for the fault distance [8]. 
Similarly the imaginary parts can also b processed to classify 
the type of fault and the faulty phases involved. 

Consider the sample system shown in figure 1 consisting of a 
two generators, their equivalent sources GV  (ZzG, ZpG, ZnG), 

HV  (ZzH, ZpH, ZnH) ,  two transmission lines with zero positive 
and negative sequence impedance (Zz , Zp , Zn) and (Zz’,  Zp’, 
Zn’) having a mutual zero sequence impedance Zm, protected 
by the proposed relay.Suppose the protected system is affected 
by a fault at distance X from relay location. Their respective 
zero positive and negative sequence circuits are shown when 
seen from bus P and can be represented with these equations, 
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Where npz VVV  ,  , , npz III  ,  , and npz ZZZ  ,  , are zero, 

positive and negative sequence of voltage, current and 
impedances respectively. nhphzh VVV  ,  ,  are the values of 
sequence voltages at the point of fault. 
Superscript P : data seen from bus P  
Superscript Q : data seen from bus Q  

{  
Figure 1: Sample System 

 
Figure 2: (a) zero sequence circuit (b) positive sequence circuit (c) 
negative sequence circuit 
 
Since the only change is in positive sequence current after the 
fault has occurred, so total change in sequence circuits’ current 
after the fault is represented by   
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(11) 
Where the subscript (post) and (pre) are the values before and 
after the fault and Δ represents the change in the value before 
and after the fault. 
The voltage drops in sequence circuits are represented by 
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Using (9) ~ (15) in (6) ~ (8) yields, 
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 Similarly when seen from bus Q (16) ~ (18) become, 
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The approach adapted here to deal with different types of 
faults is that the data seen from bus P and Q side is compared 
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Figure 4: Symmetrical component representation of line to 
line fault 

and fault voltages terms are cancelled by comparing and as a 
result we can get an expression for fault distance X. After 
checking and deriving each fault type individually, all the 
expressions for the fault distance are compacted together to 
form a single performance equation whose coefficients will be 
further utilized in fault classification algorithm. 

3.1 THREE PHASE FAULT 
Since all the phases are involved in a three phase fault, only 
positive sequence circuit exists. 

 
Figure 3: Symmetrical component representation of three phase 

fault 
Boundary condition for this type of fault is Vph =0 as shown in 
Figure 3 
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Comparing (22) and (23) and solving for X while cancelling 

pfpf IR terms yields, 
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Since distance is a real variable so the ratio of the real terms 
will yield us the estimation of distance of fault X, 
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3.2 Line To Line Fault 
Since no ground is involved so zero sequence circuits will be 
absent in these types of faults. Only positive and negative 
sequence circuit exists and they are connected in parallel as 
shown in Figure 4.                 

 

 

3.2.1 b – c fault 
Since positive and negative sequence circuits are connected in 
parallel, so boundary conditions for b-c fault are 

 
nhph VV =  and np VV Δ−=Δ  

Applying boundary conditions on data from bus P and Q 
yields, 
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Comparing (24) and (25) and solving for X while cancelling 

pfpf IR
 and nfnf IR

 terms yields,  
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The ratio of the real terms will yield us the estimation of 
distance of fault X 
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3.2.2 a-b fault 
Positive and negative sequence circuits are connected in 
parallel. So by applying boundary conditions for a-b fault ( ) ( )
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Putting the value of 866.05.0 j+−=α  collecting ratio of 
the real terms will yield us the estimation of distance of fault 
X, 
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3.2.3 a-c fault 
Positive and negative sequence circuits are connected in 
parallel. So for boundary conditions  

 nhph VV αα =2
and np VV Δ−=Δ αα 2

, 
( ) ( )[ ]
( )

( ) ( )[ ]
( ))()(

)(
)(

)()(
)(

)(

)()()(

)(
)(

)()()(

Q
n

P
n

Q
prep

Q
p

P
prep

P
p

Q
n

Q
n

P
n

Q
prep

Q
p

Q
p

P
p

VV

VVVV
VVV

VVVV

X

Δ+Δ−

+Δ++Δ
Δ+−−

+Δ+−

=
α

α

         
(32) 

         

Table 1 



Putting the value of 866.05.0 j+−=α , collecting ratio of 
the real terms will yield us the estimation of distance of fault 
X , 

( ) ( )
( )

( )
( ) )()(

)(
)(

)(
)(

)(

)()(

)(
)(

)()()(

866.0

5.0

866.05.0

P
n

Q
prep

Q
p

P
prep

P
p

Q
n

P
n

Q
prep

Q
p

Q
p

P
p

VVV

VV
VV

VVVV

X

Δ++Δ

++Δ
−+

+Δ+−

=     
(33) 

3.3 .  SINGLE LINE TO GROUND FAULT 
In single line to ground fault, all zero, positive and negative 
sequence circuits exist and are connected in series. 
 

 
Figure 5: Symmetrical component representation of line to 
ground fault 

3.3.1 a-g fault 
Boundary conditions for these types of faults 
are 0V+V+V nhphzh = and np VV Δ=Δ  
Applying boundary conditions on data from bus P and Q 
yields, 
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Comparing (34) and (35) and solving for X while cancelling 

pfpf IR  and nfnf IR  terms yields, 
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The ratio of the real terms will yield us the estimation of 
distance of fault X 
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3.3.2 b-g fault 
For b-g faults, we apply the boundary conditions 

02 =++ nhphzh VVV αα and np VV Δ=Δ αα 2 and fault 
distance can be determined as, 
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Since distance is a real variable so the ratio of the real terms 
will yield us the estimation of distance of fault X. Putting the 
value of 866.05.0 j+−=α , collecting ratio of the real terms 
will yield us the estimation of distance of fault X 
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3.3.3 c-g faults 
The boundary conditions for this type of faults are 

02 =++ nhphzh VVV αα  and np VV Δ=Δ 2αα . 
Applying the boundary conditions on (16) ~ (18) for the 
data from P side and (19) ~ (21) for the data from Q side 
and comparing yields the fault distance X, 
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Putting the value of 866.05.0 j+−=α , collecting ratio of 
the real terms will yield us the estimation of distance of fault 
X. 
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Table 2 



3.4 . DOUBLE LINE TO GROUND 
FAULT 

In double line to ground fault, all zero, positive and negative 
sequence circuits exist and are connected in parallel at the 
point of fault. Using Table 3 for boundary, fault distance and 
their real values for b-c-g, a-b-g and a-c-g are given from 
(43)~ (47), 
 

 
Figure 6: Symmetrical component representation of double line 
to ground fault 
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3.5 .  PROPOSED ALGORITHM FOR 
FAULTY PHASE CLASSIFICATION 

Faulty phase selection and identification has always been a 
problem of interest for power engineers as it results in a highly 
efficient single phase autoreclosure[7], thus minimizing the 
outage of supply and restoration of the system capacity with 
minimum interruption and at a low manpower cost.  Hence the 
methodology proposed here leads to the concept of unmanned 
and unattended protection scheme at a reasonable cost. 

(24), (26), (30), (32), (36), (38), (40), (42), (44) and (46) are 
combined together to form a compact equation with self 
defined fault classification constants FC0, FC1 and FC2. 

( ) ( )[ ]
( ) ( )

( ) ( )[ ]
( ) ( ))()()()(

)(
)(

)()(
)(

)(

)()()()()()(

)(
)(

)()()(

'

02

1

02

1      

Q
z

P
z

Q
n

P
n

Q
prep

Q
p

P
prep

P
p

Q
z

Q
z

P
z

Q
n

Q
n

P
n

Q
prep

Q
p

Q
p

P
p

X

VVFCVVFC

VVVVFC

VVVFCVVVFC

VVVVFC

Δ+Δ+Δ+Δ−

+Δ++Δ

Δ+−+Δ+−+

+Δ+−

=

  

(48) 

Now the proposed algorithm shown below is that for a 
calculated fault distance X, it is compared with X’ to 
calculate the values of FC1, FC2 and FC0. The values 
of these fault classifier constants follow a simple 
algorithm to classify the faulty phase and the type of 
fault. Further grounded and non grounded faults can 
easily be distinguished with the presence or absence of 
zero sequence constants in the compact expression. 

.

ێێۏ
ێێێ
ێێێ
ێێێ
ێێێ
ێێێ
ێێێ
ێێێ
ێێێ
ۍێ

ێێۏ
ێێێ
ێێێ
ۍێێ

0ܥܨ ݂݅ ൌ 0

ێێۏ
ێێێ
ۍ 1ܥܨ ݂݅ ൌ 1൤ 2ܥܨ ݂݅ ൌ ܽ  ݐ݈ݑ0݂ܽ െ ܾ െ ܿ ൤݂݅ 2ܥܨ ൌ െݐ݈ݑ݂ܽߙ  ܽ െ ܾ൤ 2ܥܨ ݂݅ ൌ െ1݂ܽݐ݈ݑ  ܾ െ ܾ ݎ݋ ܿ െ ܿ െ ݃቎ 1ܥܨ ݂݅ ൌ ൤ߙ 2ܥܨ ݂݅ ൌ െ1݂ܽݐ݈ݑ ܽ െ ܿ ݎ݋ ܿ െ ܽ െ ݃

ێێۏ
ێێێ
ێێێ
ۍێێ

0ܥܨ ݂݅ ൌ 1቎݂݅ 1ܥܨ ൌ 2ܥܨ ଶ൤݂݅ߙ ൌ ܾ ݐ݈ݑ݂ܽߙ െ ݃቎ 1ܥܨ ݂݅ ൌ ܽ൤݂݅ 2ܥܨ ൌ ܿ ݐ݈ݑଶ݂ܽߙ െ ݃቎ 1ܥܨ ݂݅ ൌ 1൤ 2ܥܨ݂݅ ൌ ܽ ݐ݈ݑ1݂ܽ െ ݃
ێێۏ
ۍ 0ܥܨ ݂݅ ൌ െ1቎ 1ܥܨ ݂݅ ൌ ൤ߙ 2ܥܨ ݂݅ ൌ ܽ ݐ݈ݑ0݂ܽ െ ܾ െ ݃

 

 

Table 3 

 



3.6 .   SIMULATIONS AND RESULTS 
The sample system shown in figure 7 is simulated on ETAP 
for a system of two buses and a transmission line of 100 miles. 
Fault is placed at 50 mile and a hypothetical bus is assumed at 
the point of fault. Short circuit analysis is made for half cycle 
fault and the desired value of voltages, currents and 
impedances from both the sides are taken from the text report 
of analysis for different types of faults. These values are used 
to calculate the symmetrical components of voltages, currents 
and impedances. Finally the proposed solution is used to 
calculate fault distance using these faults. Once the fault 
distance is available, proposed algorithm is used to classify the 
type of fault and the results are compared with theoretically 
known parameters to calculate the efficiency of the system. 
Fault distance and type, calculated by new algorithm for 
various types of faults, are summarized in the table5. 

Table 4: Calculation of a-g fault distance using equation (37) 

 

Table 5: Forecasted fault distance for different fault types 

 

 

 
Figure 7: Simulation Circuit 

  

3.7.   CONCLUSION 
A symmetrical component based methodology for distance 
relaying and fault classification is described. The proposed 
method is specifically useful for its implementation on 
microprocessors. This improved methodology is preferred 
over previously proposed methodologies due to its simplicity 
and fault classification characteristics. Complex arithmetic 
divisions are eliminated and replaced by real arithmetic 
operations and newly proposed fault classification algorithm 
maximizes the efficiency of single pole autoreclosure 
procedure. Simulation results verify the accuracy and 
reliability of proposed methodology. So this improved and 
extended scheme is highly compatible with its implementation 
on microprocessors for fault location, identification and 
classification purposes to implement unattended, highly 
efficient and reliable distance protection. 
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