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Abstract: 
Major problem of tripping signal of a relay based on steady state component does not warranty faster 
tripping schemes for protection of extra high voltage transmission lines. Proposed work has made an 
attempt to  find solution to the problem of fault detection and location by relay using post fault high 
frequency signals. Transmission line protection using travelling waves generated at the time of fault are 
used as trip signals of a travelling wave relay.Paper has made an attempt to obtain travelling waves 
components in the form of forward wave and backward waves from post fault components of voltage and 
current. These have been used for getting 0, α and β components using clarke’s transformation which 
further reduces to df and dr respectively forming trip signals for tripping travelling wave relay. The 
proposed methodology is tested on a 500KV test system for different types of fault and different fault 
locations.Results obtained by proposed methodology are in total comparison to those obtained by co-
relation technique described in [1].  
 
Key-words:- travelling waves, transmission line protection, postfault voltage, surge impedence, relaying  
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1    Introduction
Extra high voltage transmission line protection are 
areas for new developments today. Switching and 
lighting surges are high frequency signals prevailing 
on transmission lines. Major problem today is to 
devise faster protection schemes for protection of 
transmission lines. Relay tripping based on steady 
state component of voltage requires tripping time of 
few cycles and therefore does not give fast isolation. 
Fast fourier transform, Discrete transform,wavelet 
transform are based on sampling comparators and 
have inherent draw back of boiling down to 
computation based on steady state components for trip 
signals. The accuracy of computation and in turn 
isolation are need of the hour as part of fast tripping, 
to reduce the over all  period to micro seconds. 

Therefore tripping schemes based on high frequency 
signals and not based on steady state components are 
desirable today. Also trip signals generated should be 
part of the post fault voltages of current and voltage. 
Also some kind of back up protection is required 
incase the main tripping schemes are susceptable to 
fail. [1] has described protection of transmission line 
based on post fault voltages  evaluated and detected 
by corelation output of the comparator.Different fault 
distances and fault inception angles, are considered in 
the paper[1]. Proposed work has developed tripping 
schemes based on relay trip signals obtained from  0,α 
and β components using clark’s transformation. Post 
fault voltages are resolved in to forward waves and 
backward waves which travel on transmission lines 
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with speed of light. 0,α and β components are used to 
get relay trip signals df and dr. Proposed work has also 
calculated distance, relay trip signals from steady state  
post fault voltages and currents respectively. Thus 
proposed work has designed trip signals for travelling 
wave relay and distance relay from post fault voltages 
and currents respectively. Thus back up protection is 
also obtained for the system. Also hybrid relay trip 
signals can be derived and can ensure complete 
protection of transmission line.Thus proposed method 
is a solution technique for transmission line. 
 

 

2     Problem formulation 
 At present power engineers are mainly concerned 
with power system stability because of the 
interconnected networks in the deregulated power 
supply system. Since fault can destabilize the power 
system, they must be isolated quickly. There is 
therefore a need for ultra high speed clearing of the 
fault, which improves the transient stability of the 
power system. The need of the hour is to devise faster 
tripping schemes where trip time is not in cycles but 
in few mili second. 
Moreover finding the accurate location of a fault has 
always been a challenge for electric utility. 
Conventional method of fault location is to use the 
voltage and current data measured at one or more 
points along the power networks. Knowing the line 
impedance per unit length, the fault distance can be 
approximated from the calculated impedance obtained 
from voltage and current data. This impedance 
method, however, is subjected to errors caused by e.g. 
high resistance ground faults, teed circuits topologies, 
and the interconnection to multiple sources. 
While technique based on travelling waves helps in 
determining the location of fault accurately. Moreover 
it is undoubtedly the quickest possible scheme for 
fault detection as it utilizes the high frequency 
components. 

 

3    Methodology Development Using  

      Travelling Waves 
The developed methodology includes, 

1. Calculation of propagation velocity & 
frequency of travelling waves. 

2. Derivation of forward & backward travelling 
waves. 

3. To obtain relaying signals & to calculate fault 
location. 

To have velocity of propagation of travelling waves, 
positive & zero sequence inductances & capacitances 
have to be known. 
υ0=√ (1/L0C0) m/sec   
υ1=√ (1/L1C1) m/sec 
Where, 
υ0= velocity of propagation of 0 mode waves. 
υ1= velocity of propagation of α & β mode waves. 
L0 & C0= zero sequence inductance & capacitance 
respectively. 
L1 & C1= positive sequence inductance & capacitance 
respectively. 
Frequency of travelling waves for 0αβ modes, 
ƒ0= υ0/l Hz 
ƒ1=υ1/l Hz 
Where l= length of transmission line 

Fig 1 Schematic diagram of a long line 
The following differential relationships can be written 
across the elemental section: 

dVx = Ixzdx or dVx/dx = zIx                           ... (1) 

dIx = Vxydx or dIx/dx = yVx                                                …  (2) 

Differentiating Eq. (1) with respect to x; 

d2
Vx/dx2 = z dIx/dx                                   ... (3) 

Substituting the value of dIx/dx from Eq. (2) in above 
Eq, 

 d2
Vx/dx2 =  yzVx                                                              ... (4) 

This is a nonlinear differential equation whose general 
solution can be written as follows: 

Vx = C1e γx + C2e –γx                               … (5) 

Where, 

Ydx 
Vx+dVx 

Vx 

x dx 

F 

Ix + dIx Ix 
Zdx 
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γ = √ yz and is called as the propagation constant 

C1 and C2 are arbitrary constants to be evolved. 

Differentiating Eq. (5) with respect to x; 

dVx/dx = C1 γ e γx – C2 γ e –γx = zIx                       … (6) 

Hence Ix = (C1/Zc) e γx – (C2/Zc) e –γx                               … (7) 

Where, 

Zc = (z/y) 1/2 and is called as the characteristic 
impedance of the line.  

The constants C1 and C2 may be evaluated by using 
the end conditions, i.e. when x = 0, Vx = Vf  and  Ix = 
If. Substituting these values in Eqs (5) and (7) gives, 

Vf = C1 + C2                                                   … (8) 

If = (C1 – C2)/Zc                                                 … (9) 

Which upon solving yield 

C1 = (Vf  + Zc If) / 2                                       … (10) 

C2 = (Vf  – Zc If) / 2                                       … (11) 

Where, 

Vf and If are post fault voltage and current 
respectively. 

Substituting the values of C1 and C2 in Eqs (5) and (7) 
gives, 

Vx = ((Vf +Zc If)/2)eγx+((Vf–ZcIf) / 2)e –γx            …(12) 

Ix=((Vf /Zc+If)/2) e γx – ((Vf /Zc–If)/2) e –γx           …(13) 

Now, γ is a complex number which can be expressed 
as, 

γ = α + j β                                                     … (14) 

Where, 

α = attenuation constant 

β = phase constant 

Hence, instantaneous value of Vx (t) can be written as, 

Vx=((Vf +ZcIf)/2)eαxej(ωt+βx)+((Vf –ZcIf)/2)e – α x e – j(ωt + βx)                                                                                              
…(15) 

Similarly Ix (t) can be written as, 

Ix = ((Vf /Zc + If) / 2) e α x e j(ωt + β x)  –((Vf /Zc – If) / 2) e 
– α x e – j(ωt + β x)                                                  …(16) 

The above two Eqns. are the travelling wave 
equations at any point on the line at a distance x from 
the fault point. Now Vx consists of two terms each of 
which is a function of two variables– time and 

distance. Thus they represent two travelling waves, 
i.e. 

Vx = V f + V r                                                  …(17) 

Where, 

V 
f
 = ((Vf  + Zc If) / 2) e 

α x
 e 

j(ωt + β x)
 and is called as 

forward travelling voltage wave. 

V 
r
 = ((Vf  – Zc If) / 2) e 

– α x
 e 

– j(ωt + β x) and is called as 
reverse travelling voltage wave.Similarly, 

Ix = I f – I r                                                       …(18) 

Where, 

I 
f
 = ((Vf /Zc + If) / 2) e 

α x
 e 

j(ωt + βx) and is called as 
forward travelling current wave. 

I 
r
 = ((Vf /Zc – If) / 2) e 

– α x
 e 

– j(ωt + βx) and is called as 
reverse travelling current wave.Hence using the above 
equations, forward and backward travelling waves for 
all phases can be found. 

Using the Clarke transformation, forward and 
backward travelling waves of three phases are being 
transformed into 0αβ components.The Clarke 

transformation, 

V0  1    1     1  Va 

 Vα     = 1/3 2   -1   -1  Vb 

 Vβ  0 √ 3 -√ 3  Vc 

                                                                                     ….(19) 

 I 0       1    1     1  I a 

 I α     =   1/3 2   -1   -1  I b 

 I β  0 √ 3 -√ 3  I c 

                                                                                    … (20) 
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As the voltage at any point on the line is addition of 
forward and reverse travelling waves, voltage at any 
point on a 3-Ф transmission line is, 

V0 = V f0 (x – υ0t) + V r0 (x + υ0t)                        … (21) 

Vα = V fα (x – υ1t) + V rα (x + υ1t)                        … (22) 

Vβ = V fβ (x – υ1t) + V rβ (x + υ1t)                        … (23) 

And current on 3-Ф transmission line, 

I0 = I f0  – I r0                                                   ... (24) 

Iα = I fα – I rα                                                             ... (25) 

Iβ = I fβ – I 
r
β                                                   ... (26) 

The discriminant function df and dr associated with the 
forward and reverse waves will be uses as the forward 
and backward relaying signals in the travelling wave 
relay. 

Where, 

 df = V + ZI                                        … (27) 

 dr = V – ZI                                        …. (28) 

V and I are the modal voltages and currents (0, α or β 
components) at the relay location. 

The relay treats the currents flowing into the line as 
positive. Hence the forward current wave I f appears 
as positive to the relay; while the reverse current wave 
I 

r appears to be negative. 

df = V + ZI                                                        ...(29) 

= (V f + V r) + Z (I f – I r)                                    ... (30) 

= (V f + Z I f) + (V r – Z I r)                               ... (31) 

= V f + Z I f ( since V r = Z I r)                      ... (32) 

df = 2V 
f ( since V f = Z I f)                     … (33) 

Similarly, 

dr = V – ZI                                                       …(34) 

dr = 2V 
r
                                                          …(35) 

Note that df and dr must ideally have zero magnitude 
when the power system operates under steady state 
conditions. 

The discriminant function df picks up when relay sees 
forward travelling wave and dr picks up when relay 
sees backward travelling wave. Below Fig. shows the 
discriminant functions at relay location. 

 

  

 

df         dr  

     t         t 

Fig 2 discriminant functions for the relay 

If the fault is behind the relay, df will pick up first, and 
dr will pick up later due to reflections at fault or at bus. 
If the fault is in forward direction, dr will pick up first, 
and df will pick up later due to reflections at fault or at 
bus. Thus using this concept, the direction of fault can 
be determined.  

3.1   Fault location 
The discriminant function can be used to determine 
the direction of the fault. The relay is set up to operate 
on a forward fault. However, the relay must be able to 
determine whether the disturbance occurred within the 
zone of protection. To determine whether the fault is 
within the zone of protection, the distance to the fault 
can be used. The distance to the fault is evaluated 
using the time difference between an identified 
forward wave front at the relay point and the 
corresponding wave front reflected from the fault 
point. As shown in Fig.2 the first wave front f1 
reaches the relay point at time τ1 and at this instant dr 
goes high, a forward fault is detected. At time τ2, a 
forward wave front is detected at relay point. Once the 
forward wave is detected, relay starts counting time. 
The wave front f1 will reflect at the fault point which 
is now f2 and it will return to the relay point at time τ3. 
The distance to the fault can be now calculated by, 

xf = (τ3 – τ2) υ / 2 meter                              … (36) 

Where τ2 and τ3 can theoretically be calculated using 
distance covered by the wave and velocity of 
travelling wave. 
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Using the above formula, the fault location can be 
calculated by which it can be known that whether the 
fault is within the zone of protection or not.  

Hence it can be concluded that if relay first sees 
backward wave and distance to the fault is within the 

zone of protection, relay will trip.  

3.2   Limitation of the proposed method and  

        solution 
The protection scheme based on travelling waves has 
to face reliability issues as it fails to detect faults 
under certain conditions [1]. The main concern has 
been identified: 

� When a fault occurs close to the relaying 
point (close-up fault), the repeated reflection 
of wave fronts between the fault and 
discontinuity behind the relay will occur. So 
travelling wave protection scheme will find 
difficulty to distinguish between the arrival of 
consecutive wave fronts and handling fast 
computations is also difficult. 

� The operating time of the impedance relay is 
comparatively low for close-up faults. Hence 
there is less requirement for a travelling wave 
measurement technique in order to speed up 
the relay trip time. Hence impedance relay 
can provide fast protection against close-up 
faults and for rest of other faults, travelling 
wave technique provides fast protection. 

� Hence new method can be developed which 
combines the information contained in the 
fault-generated wave fronts with the 
impedance measurement at the relay location 
in a single relay. This protection scheme is 
known as hybrid protection scheme, as it is a 
combination of impedance measurement 
scheme and travelling wave scheme. This will 
give a reliable but high-speed protection 
scheme. Using this scheme, full length line 
can be protected which implies that relay 
reach can be improved by implementing this 
scheme. And if the fault is too close to be 
detected by the travelling wave scheme, the 
impedance relay acts as a fast backup. 
 
 

4. Implementation of methodology 

on a test system 

4.1 500 kv test system 

 

Fig 3  Line configuration of 500 kV system 

Fig 3 shows transmission line configuration including 
line transposing intervals. As shown in Fig. one major 
500 kV transmission line connecting Dorsey and 
Forbes, 537 km long is considered. 

 

Fig 4 relay location. Above Fig shows the relay 
location. Relay is placed at R, near the Dorsey and it 
protects the line section DF. If fault occurs between R 
and F (Forbes), it is considered as forward fault for 
which relay should operate. 

Below Fig shows the configuration of conductors in a 
three phase test system. 

 

Fig 5  conductor configuration of 500 kV system 
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Line configuration data: 

� Height of outer conductors, hc = 28.956 m 
� Height of centre conductor, hc+ho = 38.648 m 
� Horizontal space between phases, Xc = 6.71m 
� Conductor radius, r = 1.65354×10-2 m 
� No. of conductor in a bundle N = 3 

 

Line parameter: 

Conductor DC resistance = 0.0489 Ω/km 

 
4.2 Calculation of volteges, currents, travelling 

wave components, distance to the fault and 

relay signals 
The proposed methodology has been tested by 
implementing it on a 500 kV test system with 
different types of faults at different locations on a 
transmission line. The results obtained using proposed 
method, have been compared with the reference [1]. 

Pre-fault voltages and currents of all phases are as 
below; 

 

 

 

 

 

 

 

 

 

 

Fig  6 Pre-fault voltages and currents for 500 kV 
transmission line 

4.2.1 Case1 525 Km 
When 3-ph to ground fault occurs at a distance of 525 

km away from the relay location at an inception angle 
90°, the results obtained using MATLAB 
programming are as below; 
Post-fault phase voltages and currents for all phases 

 

Fig 7 post-fault voltages 

 

 

 

 

 

Fig 8 post-fault currents 

High frequency forward and backward voltage 
travelling waves 
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Fig 9 Voltage travelling waves 

 

High frequency forward and backward currents 
travelling waves 
 

 

   Fig 10 Current travelling waves 

0, α and β components of voltage and current 
travelling waves 

 

Fig 11 0, α and β components of travelling waves 

Relaying signals and fault location 

 

 

Fig12 Relaying signals dr and df 

dr is equal to -6043.2 and it picks up at 1.7371 msec  
df is equal to 9932.9 and it picks up at 1.7437 msec 

τ3 = 5.2179 msec, τ2 = 1.7437 msec 

Hence distance to the fault x = 524.99 km 
(calculated)And Distance to the fault = 525 km 
(Estimated) 
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Mho characteristic 
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Fig 13 Impedance measured by the mho relay 

4.2.2  Case2  25 Km 
When L-g fault occurs on phase B at a distance of 25 

km away from the relay location at an inception angle 
210°, the results obtained using MATLAB 
programming are as below; 

Post-fault phase voltages and currents for all 
phases

 
 

Fig 14 post-fault voltages 

 

 

Fig 15 post-fault currents 

High frequency forward and backward voltage 
travelling waves 

 

 

Figure 16 Voltage travelling waves 
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High frequency forward and backward currents 
travelling waves 
 

 

Fig 17 Current travelling waves 

0, α and β components of voltage and current 
travelling waves 

 

Fig 18 0, α and β components of travelling waves 

 

 
Relaying signals and fault location 
 

 

Fig 19 Relaying signals dr and df 

dr is equal to -1.3584×104 and it picks up at 0.0827 
msec 
df is equal to 1.7037×104  and it picks up at 0.0893 
msec 

τ3 = 0.2548 msec, τ2 = 0.0893 msec 

Hence distance to the fault x = 25.01 km (calculated) 

And Distance to the fault = 25 km (Estimated) 

Mho characteristic  

-50 0 50 100 150 200
-50

0

50

100

150

200

250
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R

X

 

Fig 20 Impedance measured by the mho relay 

4.2.3  Case3 220 Km 
When L-g fault occurs on phase A at a distance of 220 

km away from the relay location at an inception angle 
154°, the results obtained using MATLAB 
programming are as below; 
Post-fault phase voltages and currents for all phases 
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Fig 21 post-fault voltages 

 

 

 

Fig 22 post-fault currents 

 
High frequency forward and backward voltage 
travelling waves 

 

 

Fig 23 Voltage travelling waves 

High frequency forward and backward currents 
travelling waves 

 

Fig 24 Current travelling waves 

0, α and β components of voltage and current 
travelling waves 
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Fig 25 0, α and β components of travelling waves 

Relaying signals and fault location 

 

Fig 26 Relaying signals dr and df 

dr is equal to -224.2786 and it picks up at 0.7279 msec 
df is equal to 301.6277  and it picks up at 0.7345 msec 

τ3 = 2.1904 msec, τ2 = 0.7345 msec 

Hence distance to the fault x = 220.006 km 
(calculated) 

And Distance to the fault = 220 km (Estimated) 

Mho characteristic  
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200
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Fig 27 Impedance measured by the mho relay 

 
4.2.4  Case 4 195 Km 
When L-g fault occurs on phase C at a distance of 195 

km away from the relay location at an inception angle 
3°, the results obtained using MATLAB programming 
are as below; 

Post-fault phase voltages and currents for all phases 
 

 

 

Fig 28 post-fault voltages 
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Fig 29 post-fault currents 

High frequency forward and backward voltage 
travelling waves 

 

Fig 30 Voltage travelling waves 

High frequency forward and backward currents 
travelling waves 
 

 

Fig 31 Current travelling waves 

0, α and β components of voltage and current 
travelling waves 

 

 

 

 

Fig 32 0, α and β components of travelling waves 

 
 
 
 
Relaying signals and fault location 
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Fig 33 Relaying signals dr and df 

dr is equal to -421.5232 and it picks up at 0.6452 msec 

df is equal to 1909.9  and it picks up at 0.6518 msec 

τ3 = 1.9422 msec, τ2 = 0.6518 msec 

Hence distance to the fault x = 194.99 km (calculated) 

And Distance to the fault = 195 km (Estimated) 

Mho characteristic  
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Fig 34 Impedance measured by the mho relay 

4.3 COMPARISON AND ANALYSIS 

The method has been implemented on 500 kV test 
system given in Reference paper [1]. The results 
shown in chapter 4 are obtained and are compared 
with the results given in reference paper [1]. In 

reference paper [1], correlation technique is used. 
According to correlation technique, for the relay to 
trip, relaying signal S1 should pick up first, pick value 
of relaying signals must be higher than the threshold 
value and pick value of output of correlator must be 
larger than the threshold value. 

4.3.1 Comparison of post-fault voltages and 

currents  for 525Km 

3-ph to ground fault at 525 km away from the relay 
location.  

By proposed method:  

 

Fig 35a  Post fault voltages 

 

Fig 35b  Post fault currents 

Using simulation by PSCAD: 

 

 

 

 

 

 

Fig 36 Post fault voltages and currents 

4.3.2 Comparison of Relay signals for 525 Km: 

   0       1        2       3       4       5       6       7       8        9      10 
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By proposed method: 

 

Fig 37 relay signal 

 

 

Using simulation by PSCAD:  

 

 

Fig 38 relay signal 

The relaying signal dr picks up first in the proposed 
method and also according to the result shown 
Ref.paper [1], S1 picks up before S2. Both cases 
identify forward fault. 

4.3.3 Comparison of post-fault voltages and 

currents  for 25Km 

 L-g fault on phase B at 25 km away from the relay 

location. 

By proposed method: 

 

Fig 39a Post fault voltages: 

 

Fig 39b Post fault currents: 

Using simulation by PSCAD 

 

 

  

  0      1      2      3       4      5      6      7      8      9   10 

 0       1         2         3         4         5          6         7        8

                 time(msec) 
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Fig 40 Post-fault voltages and currents  

4.3.4 Comparison of Relay signals for 25 

Km: 

By proposed method: 

 

 

By proposed method: 

 

 

Fig 43a Post-fault voltages   

 

Fig 43b Post-fault currents 

Using simulation by PSCA

Fig 41 relay signal

Using simulation by PSCAD:  

 

 

 

Fig 42  relay signals  

The relaying signal dr picks up first in the 
proposed method and also according to the 
result shown in Ref. paper [1], S1 picks up 

before S2. Both cases identify forward fault. 

4.3.5         Comparison of post-fault 

voltages and currents  for 220Km 

 L-g fault on phase R at 220 km away from 

the relay location. 

 

 

 

 

Fig 44 Post-fault voltages and currents 

4.3.6 Comparison of Relaying signals for 

220 Km: 

By proposed  method: 

   0        1        2         3       4        5         6        7      8        0         2           4           6           8          10         12      14

                 time(msec) 
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Fig 45 relay signals 
 
 
Using simulation by PSCAD: 
 

 

 

Fig 47b Post-fault  currents 

Using simulation by PSCAD: 

 

 

Fig 48 post-fault voltages and currents  

4.3.8 Comparison of Relaying signals for 

220 Km: 

 

Fig 46 relay signals 

The relaying signal dr picks up first in the 
proposed method and also according to the 
result shown in Ref. paper [1], S1 picks up 

before S2. Both cases identify forward fault. 

4.3.7 Comparison of post-fault voltages 

and currents  for 195Km 

 L-g fault on phase B at 195 km away from 

the relay location. 

By proposed method: 

 

Fig 47aPost-fault voltages  

By proposed method: 

 

Fig 49 relay signal 

Using simulation by PSCAD: 

 

 

Fig 50  relay signal 

The relaying signal dr picks up first in the 
proposed method and also according to the 
result shown in Ref. paper [1], S1 picks up 

before S2. Both cases identify forward fault.

0         2           4          6          8          10      12      14      

time(msec) 

   

0            2               4             6             8            10        12    

                 time(msec) 

0              2              4              6                8             10       12 

time (msec) 
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4.4 COMARISON OF FAULT LOCATION 

 

Table 1: Results using MATLAB 

programming 

 

X  = Distance to fault in km. 

Xtw  = Distance calculated using the 

proposed method in km. 

τ = Time at which relay identifies first 

travelling wave in msec. 

4.5 ANALYSIS OF RESULTS 

� As seen from the relay signals in all 
above cases, dr picks up before df. 
Hence in all cases fault is in forward 
direction. Moreover distance to the  fault 
calculated in all cases are within the 
zone of protection as travelling wave 
relay is provided to protect the full 537 
km length.  

� Although theoretically dr picks up first 
in case of B-g fault at 25 km, travelling 
wave relay will not trip for this fault as 
it is a close-up fault which is a limitation 
of travelling wave relay. 

� Travelling wave relay will operate for 
all cases mentioned above except for the 
close-up fault. 

� In case of 3-ph to ground fault at 525 
km, looking from Fig. 13, Mho relay 
can not operate as fault is out of its 
reach (relay reach is considered as 80% 
of the length of line). For all other faults, 
Mho relay can operate. 

� Mho relay provides comparatively faster 
protection in case of close-up fault. 
Hence if hybrid protection scheme is 
implemented, the limitation of travelling 
wave relay will be overcome by Mho 
relay. 3-ph to ground fault at 525 km is 
the case where Mho cannot operate 
while travelling wave relay operates and 
provides faster protection too. And for 
the cases where both relays can operate, 
travelling wave relay provides primary 
protection and Mho relay provides back-
up protection. 

Typ

e of 

Fau

lt 

X 

Xtw τ 

By 
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ed 

metho

d 

By Ref. 

paper 

By 

prop

osed 

meth

od 

By 

Ref. 

paper 

3-

ph 

to 

gro
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d 

525 524.99 526.3 
1.73

7 
1.7 

B-g 25 25.01 38.4 
0.08

2 
0.1 

A-g 220 
220.00

6 
229 

0.72

79 
0.76 

C-g 195 194.99 - 
0.64

52 
0.75 
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4.6 Comparison of operation of relay  

       

Table 2: Relay Tripping 

 

� 525, 220 and 195 are the cases where 
travelling wave relay provides 
protection to the transmission line 
according to the proposed methodology 
while it does not operate according to 
the technique shown in Ref. paper. 
Hence proposed method helps in 
reducing limitations of the correlation 
technique shown in reference paper [1]. 

� Also proposed method obtains trip 
signal components of a hybrid relay in 

terms of travelling wave and distance 
relay components. 

5   CONCLUSION 

The methodology based on travelling wave for 
EHV transmission line protection was 
developed. Proposed methodology was tested on 
500 kV transmission line system. 
Post-fault voltages and currents, travelling wave 
components and fault location were calculated. 
Relaying signals were obtained. Comparison of 
proposed method was done with correlation 
technique shown in Ref. paper [1] for 500 kV 
test system. Post-fault voltages, post-fault 
currents and relaying signals were compared 
with the Ref. paper [1]. The proposed method 
has also offered hybrid relay tripping signals. 
Proposed method based on travelling wave can 
be used for protection of EHV transmission line 
using travelling wave relay and/or mho relay as 
faster protection scheme compared to available 
protection scheme. Travelling wave components 
and steady state components of post fault 
quantities can be used for tripping hybrid relay 
(combination of Travelling wave relay and Mho 
relay) which gives faster as well as more reliable 
protection scheme. 
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