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Abstract— This paper analyzes the impact of distributed 

capacitance on the relay tripping characteristics and 

therefore the setting principal of distance relay for 

EHV/UHV long transmissions lines has been mentioned. 

EHV/UHV long transmission lines have huge distributed 

capacitance that as necessary result on the operation of a 

distance relay. To set the distance relay while not 

considering the distributed capacitance can cause serious 

over reaching or under reaching. MATLAB/SIMULINK 

software has been used for test case. 

Key words: EHV/UHV Transmission, MATLAB/ 

SIMULINK 

I. INTRODUCTION 

Much more literature available in [1-15]. Most of the relays 

are used in EHV/UHV lines are Distance relays for distance 

protection [1], these are independent of communication 

channels and are incentive to system conditions widely. A 

distance relay controls by gauging the electrical circuit 

distance between the relay location and the point of fault 

(apparent impedance) to determine if a fault is in its 

protection zone. It is seems that the protection zones need to 

be set accurately to avoid overreaching or under reaching, 

and ensure the reliability and selectivity. Normally the 

protection zones [2] will be set without considering the 

distributed capacitance, because the electrical phenomenon 

of the distributed capacitance is simply too huge compared 

with the road electrical phenomenon. With the transmission 

distance increasing, however, the distributed capacitance of 

the entire line will increase correspondingly. Meanwhile, to 

boost the economical and transmission potency over long 

distance, higher voltage levels are adopted, that brings 

higher distributed capacitance per unit of transmission lines. 

The electrical phenomenon of the distributed capacitance is 

comparable the road electrical phenomenon, therefore its 

effects on the gap. There are many factors touching the 

measured electrical phenomenon at the relaying purpose. 

II. APPARENT IMPEDANCE WITHOUT CONSIERATION OF LINE 

CAPACITANCE 

The Fig. 1. shows the apparent impedance throughout the 

line capacitance. Consider operational conditions of the 

power system which is affected by the measured impedance. 

The operational conditions at which prior to the fault 

instances can be represented by the load angle of the line ‘δ’ 

and the voltage magnitude ratio at the line ends ’h’ or in 

general EN / EM = he-jδ. The measured impedance at the 

relaying point can be expressed by the following equations 

[3-4]. 

 
Fig.1.phase-to-ground fault without consideration of line 

capacitance 
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In the above two equations Z1SM,Z1SN are the 

equivalent source impedances,   𝑍1𝐿is the lineimpedance 

from M to F. Where   subscription   “1” represents the 

positive-sequence component. The pre fault load current in 

phase –A can be expressed as  

M NPRE
I =I -I                                              (3)   

The pre fault voltage at the fault point F can be expressed as  

PRE M PRE 1M
V =E -I Z                                (4) 

During the single-line to ground fault in phase   A, the 

positive-, negative-, and zero- sequence current through the 

fault resistance is given by  
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The equivalent impedance is given by  
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The sequence current from M to F are expressed as  
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Therefore the phase-A current 𝐼𝑨𝑴 may be   synthesized 

from 

AM PRE 1MF 2MF 0MF
I =I +(I +I +I )                              (9)                                            

Consequently the apparent impedance of phase-A measured 

at M is given by 

AM

APP

AM 0L 0F

V
Z =

I +K I
                          (10) 

Z1L And Z0L are the positive and zero –sequence impedance 

of the protected   line 

Using these relations and after algebraic manipulation, it can 

be shown that, 
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At the instant, if the fault resistance, is zero the 

apparent impedance at the relaying point is equal to the 

impedance of the line section located between the relaying 

point and the fault point. Equation (12) gives the presence of 

fault resistance the apparent impedance is affected by power 

system conditions only. 

III. APPARENT IMPEDANCE WITH CONSIDER-ATION OF LINE 

CAPACITANCE 

EHV/UHV transmission lines are highly affected by the line 

capacitance. At the instant of fault the effect of line 

capacitance and considerable amount of resistance is 

neglected, then there is a significant error in the impedance 

seen by a relay. In this proposed method double π model is 

utilized for considering the transmission line capacitance 

with fault resistance as shown in Fig. 2 [5-8]. 
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IPRE= I1SM-I1NM                                 (17)                                                                            

 I1L= I1LM-I1LN               (18)  

 

Fig. 2: Phase to Ground fault with line capacitance 
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  (29) 

From equation (29) the fault resistance is not only 

the factor affecting the measured impedance deviation, but 

also the line capacitance. The ZAPP is also dependent on line 

length and power system conditions. 

IV. FLOW CHART TO OBTAIN THE IDEAL TRIPPING 

CHARACTERISTICS 

The procedure for R-X diagram without and with 

considering line capacitance is followed by the algorithm is 

shown in Fig. 3. 

 

Source Impedance Bus M Bus N 

Positive and negative 

sequence 

1.7431 

+j19.9238 
0.0871+j0.9961 

Zero sequence 

impedance 
2.6146+j29.8858 0.1307+j1.4942 

Table 1: 

Line parameters 
R  

(Ω/Km) 

L  (mH/ 

Km) 

C (µF/ 

Km) 

Positive and negative 

sequence 
0.0301 1.0 0.0112 

Zero sequence 

impedance 
0.2269 2.2 0.0094 

Table 2: 

 
Fig. 3: Flow chart for R-X plot with and without considering   

line capacitance. 

The distance relay tripping characteristic at h=0.96 

and load angle is 160 and also comparison with and without 

considering capacitance is shown in Fig. 4 [7]. It is observed 

that the line capacitance influences the trip boundary 

significantly. Table 3 shows where it is observed that the 
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error in reactance magnitude slightly high as 4.92%. Further 

it is observed that with consideration of Capacitance there is 

significant change in the resistance and reactance. By 

considering the shunt capacitance, the charging current 

compensates to some extant of the load current thereby 

decreasing the effective current for the relay. This increases 

the impedance as observed in Fig. 4 (line 1 in thick curves) 

with small fault resistance and fault towards the end of the 

line the result will be in correct if the setting is done without 

capacitance. 

 
Fig. 4: Distance relay tripping characteristic at h=0.96, 

δ=160 

The % Relative error is defined as bellow. 

  (30) 

RF 

(Ω  ) 

Without 

Capacitance 

With 

Capacitance 

0 8.71 +j90.55 9.62 +j95.24 

200 361.35 +j60.84 374.54+j1.951 

Table 3: Percentage error in R, X and ZAPP in transmission 

line at 95 % distance with h=0.96, δ=160 

RF 

(Ω ) 

% error in 

Resistance 

% error in 

Reactance 

% error in 

Impedance 

0 9.45 4.92 4.9 

200 3.52 3018.8 16.11 

Table 3 gives when fault resistance is zero Ohms 

for Line to Ground fault the impedance of without 

capacitance is 8.71 +j90.55 and with capacitance is 9.62 

+j95.24. Percentage error in resistance is 9.45%, percentage 

error in reactance is 4.92%& percentage error in impedance 

compared with and without capacitance is 4.9% and when 

fault resistance is 200 Ohms for Line to Ground fault the 

impedance of without capacitance is 361.35+j60.84 and with 

capacitance is374.54+j1.951. Percentage error in resistance 

is 3.52%, percentage error in reactance is 3018.8%& 

percentage error in impedance compared with and without 

capacitance is 16.11%. 

 
Fig. 5: Increase in measured resistance, reactance, and 

impedance magnitude 

V. APPARENT IMPEDANCE VARIATIONS 

When the operational conditions of a power system has been 

changed due to that load angle, voltage ratio and load levels 

of the power system should vary.  

A. Load Angle Variations 

Once the load level of a transmission line increases, the load 

angle also increases, and vice versa. If power flow direction 

in a transmission line reversed, the sign of load angle is 

inversed. Fig. 6 shows the effect of the load angle variation 

on the tripping characteristic. Here, load angle takes the 

values 250, 150, 50, -50, -150 and -250. 

 
Fig. 6: Tripping characteristic load angle changes 

 
Fig. 7: Increase in measured resistance, reactance, and 

impedance magnitude as load angle changes 

It may be seen that because the load angles varies, 

the tripping characteristic changes significantly. Within the 

case of negative load angles, the tripping characteristic is in 

crescent form. Fig. 7 shows the number of increase within 

the measured resistance, reactance, and impedance 

magnitude with modification in load angle. 
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It can be seen from Fig. 7 that as the load angle 

decreases, changing from positive to negative value, the 

increase in the measured resistance increases. The amounts 

of increases in the measured resistance are 9.98%, 10.15%, 

10.24%, 10.29%, and 10.53%. On the other hand, the 

increase in the measured reactance, decrease as the load 

angle decrease. The increases in the measured reactance are 

5.31%, 5.25%, 5.29%, 5.38%, and 5.56%. The increase in 

the measured impedance magnitude varies similar to the 

measured reactance and is equal to 5.15%, 5.21%, 5.28%, 

5.29%, and 5.36%. 

B. Voltage ratio variations 

Variation of the voltage ratio of transmission line affects the 

reactive power flow through the line.  

 
Fig. 8: Tripping characteristic variation, with change in 

voltage ratio 

The amount of reactive power flowing through the 

line increases as this factor decreases (for ratios lower than 

1). If the ratio is higher than 1, it means that the reactive 

power flow direction is inversed. Fig. 8 shows the impact of 

voltage ratio, the magnitudes of 0.95, 1.00 and 1.05 are 

considered for this factor, while the other parameters are the 

same as Fig. 4. 

 
Fig. 9: Increase in measured resistance, reactance, and 

impedance magnitude 

Fig. 9 shows the amount of increase in the 

measured resistance, reactance, and impedance magnitude 

for voltage ratios of 0.95, 1.00, and 1.05. It can be seen that 

as the voltage ratio increases, from 0.95 to 1.05, the 

measured resistance is less increased. The amounts of 

increases in the measured resistance are equal to 10.15%, 

10.11% and 9.97%. The increase in the measured reactance 

is also less, as the voltage ratio decrease. The increases in 

the measured reactance are 5.25%, 5.19%, and 5.19%. The 

increase in the measured impedance magnitude varies 

similar to the measured resistance and reactance. The 

measured impedance magnitude is equal to 5.26%, 5.24%, 

and 5.23%. 

C. Line Length 

Fig. 10 shows the tripping characteristic for the line lengths 

of 100,200,300, and 400 km. 

 
Fig. 10: Tripping characteristic variation as line length 

changes 

It is that because the line length will increase, the 

covered region by tripping characteristic additionally will 

increase in each resistance and reactance   axis. Fig. 10 

shows the quantity of increase within the measured 

resistance, reactance, and impedance magnitude for the 

mentioned line lengths. Fig. 11 shows it is seen that because 

the line length will increase, the rise within the measured 

resistance, reactance, and the magnitude of impedance also 

increases. 

 
Fig. 11: Increase in measured resistance, reactance, and 

impedance magnitude for line length changes 

Fig.11 the amounts of increases in the measured 

resistance are 0.89%, 4.5%, 10.27%, and 18.45%. The 

increases in the measured reactance are 0.64%, 2.34%, 

5.61%, and 9.79%. The increase in the measured impedance 

magnitude is equal to 0.72%, 2.45%, 5.74%, and 9.84%. 

VI. CONCLUSION 

This work presents the measured impedance at the relaying 

point has been presented, considering the line capacitance. 

This impedance depends on the power system operational 

and structural conditions. The operational and structural 

conditions influence the tripping characteristic considerably, 

but they are not so effective on the measured impedance for 

faults at the far end of the line with zero fault resistance, 

only the magnitudes of the short circuit levels affect this 

value. And also find the fault point whether it is lie within 

the tripping boundary are not for fault resistance RF=20 

Ohms and fault created at 200km. On the other hand, line 

length is a critical parameter in the case of far end measured 

impedance deviation. The results have shown that the 
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deviation of the characteristic impedance is considerable, in 

the range of 10% for a 400 km line, and it should be 

considered in the design of distance protection. 
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