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Abstract— Distributed capacitive current of ultra high voltage 
and extra high voltage (UHV&EHV) transmission lines has a 
severe negative effect on current differential protection. The 
current differential protection in this proposed paper is based 
on distributed parameters line model of the transmission line 
and has been used to solve the problem of distributive 
capacitive current of transmission line. Time-domain algorithm 
has been used to calculate currents at the set point of the line by 
using both ends current. By adding linear interpolation with 
low computational rate at each sampling points has been 
achieved. The theoretical analysis of this method is broach to 
demonstrate how the novel principle is of high sensitivity in 
differentiating between the external and the internal faults of 
the line. After theoretical analysis and applying the pristine 
novel principle of current differential protection for UHV and 
EHV transmission lines based on distributed parameters line 
model, the simulation results illustrates that the analysis done 
in this paper is quite appropriate as desired, correspondingly 
this recently acquired principle is much reliable, compared to 
the traditional principle.   
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I. INTRODUCTION  

Reliable protection and high speed are the factors that 
improve the security, stability and efficiency of modern electric 
power system. Current differential protection has been used on 
a large scale for UHV and EHV transmission lines due to the 
reason that it has absolute selectivity, high sensitivity, and 
unfussiness. As the modern electric power industry is 
progressing, meanwhile the voltage level and the length of 

transmission line increases. Distributed capacitive current 
cannot be ignored in long-distance and UHV transmission lines 
especially in fault transient process, due to its strength; the 
effects of distributive capacitive current on current differential 
protection must be taken under consideration [1].  

Consequently numerous principles have been introduced 
into current differential protection studies [2-3] and several 
most up-to-date devices have been established for performing 
the practical operations [4-5]. So far the selectivity and 
sensitivity of the current differential protection has been 
affected mostly by the distributive capacitive current. Shunt 
reactor has connected to line for limiting the self excitation on 
UHV and EHV long distance transmission lines and line 
frequency over voltage and it operates under compensation 
mode to compensate the distributive capacitive current. This 
shunt reactor is invalid to transient capacitive current but 
somewhat compensate the power frequency and steady state 
current. The current differential protection may not be operated 
properly by using even the shunt reactor, when the faults are 
afar the protected zone.  

In order to eliminate the adverse influences of the 
distributive capacitive current from line frequency capacitive 
current compensation, phasor based compensation algorithm 
[6] is widely used method nowadays. Initially when fault 
incepts on a single ended line, during its switching on or 
without load condition, usually the transient capacitive current 
becomes higher than steady capacitive current, so transient 
capacitive current cannot be compensated by phasor 
compensation algorithm that is based on the current differential 
protection schemes, and so setback in order to avoid the 
manipulation of transient capacitive current, therefore it cannot 
access the swift obligation of relay protection in electric power 
system [7]. The procedure mentioned in [8] differential 
equation model for the compensation of the instantaneous 
value can reduce the amount of steady state current and the 
transient distributed capacitive current. Capacitive current 
cannot be eliminated properly but reduced to a suitable extent 
for time domain compensation because of the limit in the order 
of differential equations.   

Bergeron method for dealing theoretically with impact of 
capacitance current is mentioned in [9]. As in this case the 
shunt reactor current of transmission line cannot be overcome 
properly and also very high sampling frequency is used, 
therefore, it has limitations in practical working. In addition, 
distributed capacitive current has been solved by using model 
identification based on integrated impedance according to 
report references [10-11]. However, it’s greatly affected by 
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transient component because using the extraction of the 
fundamental frequency component and PI model, the 
sensitivity and reliability of the system reduced.   

In this present paper, a novel principle of current 
differential protection for ultra high voltage and extra high 
voltage transmission lines based on distributed parameters line 
model is proposed. This proposed novel principle eliminates 
the impact of distributive capacitive current on long distance 
transmission lines using time-domain algorithm with low 
computational rate. Theoretical analysis and PSCAD based 
simulation results shows that novel principle fully works on 
external and internal faults, and also has high sensitivity and 
reliability with and without fault resistance. 

II. NOVEL PRINCIPLE OF CURRENT DIFFERENTIAL 

PROTECTION 

Taking into account the contradiction between the 

distribution characteristics of transmission line parameters and 

the applicable conditions of Kirchhoff’s current law (KCL) in 

the traditional current differential protection, a kind of current 

differential protection principle un-affected by distributed 

capacitance current is put forward in this paper. Time-domain 

algorithm with linear data interpolation improves the 

sensitivity and reliability of differential current protection 

during steady state component and transient component.  

Current differential protection is used for comparison 

between the entering and leaving currents of a zone. If these 

current are summed up and net result of the entering and 

leaving currents in a zone are equal to zero, then it shows that 

the system is accurate and errorless. On the other hand, if 

summing up of these entering and leaving currents is not 

resulted as zero, then it depicts that there is an error in the 

protection zone of the system.   

mi ni
m n

Q

mC nC

 
Fig. 1 Model of distributed transmission system 

The model of distributed transmission system is shown in 

Fig. 1, where m  and n  are the two ends terminal interlinked 

with the voltage sources, Q  is the set point for achieving the 

preferred result of the execution of KCL. In this case, the 

direction of two currents 
m

i   and 
n

i   has opposite directions as 

shown in the distributed transmission system in Fig. 1 on point

Q . In this case 
m

C  and 
n

C  are capacitances on terminal m  

and n . In order to calculate the values of 
m

i   and
n

i  , the 

calculation of time-domain algorithm is explicated below [12]. 
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Where x  is the distance from terminal m  to Q , t  is the 

time, and v  is the propagation  velocity having  value 

equivalent to 1 /v L C  , While 
m

u and 
m

i  are voltage 

and current of terminal m . l x  is the distance from  n  to 

Q , ,
n n

u i  is the voltage and current of terminal n  and 

/Z L C  ( L  is the length and C  is the capacitance of 

the transmission line respectively). Whenever the transmission 

system shows normal state or when it faces external faults, 

negligence capacitance current, and the magnitude of the two 

ends currents remain equal but the phases remain opposite. 

That’s why the differential current is zero. Having considered 

the capacitance current of the transmission line, that is the 

direct casting affect on relay’s sensitivity and reliability. High 

computational rate is used to get more points by using 

equations (1) and (2) to calculate 
m

i   and 
n

i  , however time-

domain algorithm is defect by high computational rate. 

Therefore, sensitivity and reliability of the current differential 

protection is decreased. In order to solve this problem linear 

interpolation has been used for getting enough points with low 

computational rate, which is not defect of time-domain 

algorithm. After getting enough points by using linear 

interpolation, integration method has been used for comparing 

data [13].  
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Fig. 2 Program flowchart of current differential protection for long-distance 

transmission line 
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A criterions equation (3) and (4) of current differential 

protection as given below: [6] 

m n se t
I I


   (3) 

m n m n
I K I

 
   (4) 

Where 
m n

I


 are differential current, 
se t

I  is threshold 

breaking current, K  is stalling coefficient and its value is 0.5. 

The program flowchart of current differential protection for 

long-distance transmission lines is shown in Fig. 2.  

III. SIMULATION AND RESULT DISCUSSION  

To verify the usefulness of the expressed method, a three 

phase 440kV voltage of two machine system based on 

distributed parameters line model is built as shown in Fig. 3. 

50Hz normal frequency and the length of the transmission 

system of 400km are utilized for simulation. PSCAD has been 

used to simulate different external or normal and internal 

faults. Sampling rate is employed at 2 KHz and MATLAB is 

implemented for protection design, accompanied by 10ms-

long data window.  

 

m n
1F 2F 3F 4F

 
Fig. 3 Simulation model  

 

The parameters of the transmission line are listed as 

follows:  

 

Positive-sequence parameters: 

 Resistance: 
1

0 .0 1 9 5 8 /r k m   

 Inductance: 
1

0 .8 1 9 7 /l m H k m  

 Capacitance: 
1

0 .0 1 3 5 /c F k m  

 Impedance at terminal m : 
1

0 .1 7 3 6 0 .9 8 4 8
m

z j    

 Impedance at terminal n : 
1

0 .1 7 3 6 0 .9 8 4 8
n

z j    

 

Zero -sequence parameters: 

 Resistance: 
0

0 .2 9 0 9 /r k m   

 Inductance: 
0

2 .7 4 2 0 /l m H k m  

 Capacitance: 
0

0 .0 0 9 2 /c F k m  

 Impedance at terminal m : 
0

0 .6 4 2 4 3 .6 4 3 7
m

z j    

 Impedance at terminal n : 
0

0 .6 4 2 4 3 .6 4 3 7
n

z j     

 
Table I expressed that novel protection is unaffected by 

capacitive current after compensation, when an internal AG 
(phase-to-ground) fault occurs at F2 and F3, while phase B 
and C might be trip due to large capacitive current of the 
transmission lines in traditional protection as shown in Table 
II.  Similarly, when an external fault or normal fault occurs at 
F4, Table I shows that capacitive current in novel protection is 

almost negligible after compensation but in traditional 
protection, distributive current is very massive as verified by 
Table II, so it is concluded that traditional protection has 
affected by capacitive current as compared to novel protection. 
In addition, novel protection is more reliable and sensitive as 
compared to traditional differential protection.    

TABLE I. CAPACITIVE CURRENT IN NOVEL PROTECTION  

 
Fault 

Position 

 
Rfault 

(Ω) 

Novel Protection 

Phase A Phase B Phase C 

Im+n Im-n Im+n Im-n Im+n Im-n 

 

 
F2 

0 7.3235 1.7762 0.0964 1.7762 0.0575 1.7764 

50 4.6127 1.7762 0.0492 1.7762 0.0854 1.7764 

100 2.9611 1.7762 0.0501 1.7762 0.0865 1.7764 

150 2.1326 1.7762 0.0560 1.7762 0.0852 1.7764 

 

 

F3 

0 337.41 166.70 0.0913 1.0058 0.1015 2.1404 

50 6.9729 1.8585 0.0781 1.7752 0.0772 1.7892 

100 3.5037 0.5948 0.0778 1.7754 0.0773 1.7824 

150 2.3446 0.7931 0.0777 1.7755 0.0774 1.7802 

 
 

F4 

0 0.0188 2.3446 0.0917 1.0064 0.1007 2.1410 

50 0.0766 1.8233 0.0778 1.7759 0.0768 1.7899 

100 0.0769 1.7999 0.0775 1.7761 0.0770 1.7831 

150 0.0769 1.7920 0.0774 1.7762 0.0770 1.7809 

 

TABLE II. CAPACITIVE CURRENT IN TRADITIONAL PROTECTION  

 

Fault 

Position 

 

Rfault 

(Ω) 

Traditional Protection 

Phase A Phase B Phase C 

Im+n Im-n Im+n Im-n Im+n Im-n 

 
 

F2 

0 6.9059 1.7410 0.6227 1.7410 0.6588 1.7434 

50 4.3601 1.7410 0.6384 1.7410 0.6069 1.7434 

100 2.8369 1.7410 0.6282 1.7410 0.5950 1.7434 

150 2.0853 1.7410 0.6208 1.7410 0.5928 1.7434 

 

 

F3 

0 356.53 176.35 0.5886 0.8878 0.5776 2.1851 

50 7.0341 1.9876 0.5973 1.7407 0.5974 1.7569 

100 3.4755 0.6029 0.5977 1.7406 0.5971 1.7498 

150 2.3157 0.7437 0.5978 1.7405 0.5971 1.7474 

 

 

F4 

0 0.3340 2.3682 0.5887 0.8884 0.5782 2.1858 

50 0.5964 1.7860 0.5977 1.7414 0.5977 1.7576 

100 0.5975 1.7637 0.5981 1.7413 0.5975 1.7505 

150 0.5978 1.7562 0.5982 1.7412 0.5974 1.7481 

 

TABLE III. NOVEL PROTECTION WHEN EXTERNAL AG AND BC FAULT OCCURS 

AT POSITION F4  

 

Fault 
Position 

 

Fault 
Type 

Novel Protection 

Phase A Phase B Phase C 

Im+n Im-n Im+n Im-n Im+n Im-n 

 

F4 

AG 0.0188 2.3446 0.0917 1.0064 0.1007 2.1410 

BC 0.0771 1.7762 0.0624 3.8994 0.0721 2.1849 

 

TABLE IV. TRADITIONAL PROTECTION WHEN EXTERNAL AG AND BC FAULT 

OCCURS AT POSITION F4  

 

Fault 

Position 

 

Fault 

Type 

Traditional Protection 

Phase A Phase B Phase C 

Im+n Im-n Im+n Im-n Im+n Im-n 

 

F4 

AG 0.3340 2.3682 0.5887 0.8884 0.5782 2.1858 

BC 0.5985 1.7410 0.4365 3.8318 0.4712 2.1518 

 

An external fault AG and BC (phase-to-phase), whenever 
occurs in a transmission line, or when line is in ordinary 
circumstance, as depicted in Table III to IV. After 
compensation the differential current becomes approximately 
equals to zero in novel protection, on the other hand, in case of 
traditional protection wholesome value of distributive 
capacitive current is present as shown in Table IV. Hence the 
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threshold tripping value is set to be a small constant and 
therefore, novel protection possesses relatively higher 
sensitivity, stability and accuracy. The novel protection has 
another benefit that protection doesn’t trip in case of 
distributive capacitive current as protection trips when 
traditional protection is imposed on them.   

The external fault BCG in the transmission lines takes on 
the distributive capacitive current to approximately zero after 
compensation in case of novel protection, as shown in Fig. 4. 
On the other hand, in Fig. 5, the traditional method has been 
adopted and as a result the distributive capacitive current is 
larger as compared to that in novel protection. By examining 
the results carefully, it can be concluded that distributive 
capacitive current can make the protection to get tripped in 
case of traditional protection while the protection cannot be 
tripped in novel protection as there is zero distributive 
capacitive current. So, it depicts that novel protection is 
comparatively much more reliable and sensitive than 
traditional protection.   
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Fig. 4 Novel protection when external BCG fault occurs at position F4 
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Fig. 5 Traditional protection when external BCG fault occurs at position F4 

In case of external fault ABC, whenever it crops up in 
transmission line, as shown in Fig. 7, the protection will be 
tripped at location F4 due to the presence of distributive 
capacitive current in it; this is the case when traditional 
protection is taken under deliberation. Though if the novel 
protection is taken under consideration then in this case, the 
distributive capacitive current is approximately zero after 
compensation, therefore, stability of the protection against the 
capacitive current increases and the line will sustain itself from 
tripping, whenever a fault occurs. This phenomenon is shown 

in Fig. 6. By taking the whole discussion and results under 
deliberation, it is concluded that novel protection is 
comparatively lot more efficient and accurate in means of its 
stability against distributive capacitive current. 

-0.1 -0.05 0 0.05 0.1
0

2

4

6

8

I/
k
A

t/s

ma naI 

ma naI 

 
-0.1 -0.05 0 0.05 0.1
0

2

4

6

I/
k
A

t/s

mb nbI 

mb nbI 

 

-0.1 -0.05 0 0.05 0.1
0

2

4

6

I/
k
A

t/s

mc ncI 

mc ncI 

 
Fig. 6 Novel protection when external ABC fault occurs at position F4 
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Fig. 7 Traditional protection when external ABC fault occurs at position F4  

Whenever an internal fault occurs at the position F1, novel 
principle works very well and trip the phase A correctly but 
phase B and C has zero differential current after compensation 
as shown in Fig. 8. Whereas in Fig. 9 phase B and C might be 
trip due to large distributed capacitive current. Novel 
protection in this proposed paper is quite appropriate as 
compared to traditional protection. Dynamic simulation results 
show that the new protection principle can detect the internal 
fault reliably with different faults, and it has great performance. 
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Fig. 8 Novel protection when internal AG fault occurs at position F1 
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Fig. 9 Traditional protection when internal AG fault occurs at position F1 

Simulation result clearly shown in Fig. 10 whenever 

internal fault occurs with 150Ω fault resistance at position F3, 

novel protection has zero capacitive current in phase B and C 

and trip the phase A swiftly. Whereas in Fig. 11, traditional 

protection might be trip due to large capacitive current in 

phase B and C. After whole discussion it is concluded that 

novel protection is more sensitive and efficient as compared to 

traditional protection when threshold set smaller.  

 

-0.1 -0.05 0 0.05 0.1
0

1

2

3

I/
k
A

t/s

ma naI 

ma naI 

 

-0.1 -0.05 0 0.05 0.1
0

0.5

1

1.5

2

I/
k
A

t/s

mb nbI 

mb nbI 

 

-0.1 -0.05 0 0.05 0.1
0

0.5

1

1.5

2

I/
k
A

t/s

mc ncI 

mc ncI 

 
Fig. 10 Novel protection when internal AG fault (RF=150 Ω) occurs at 

position F3 
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Fig. 11 Traditional protection when internal AG fault (RF=150 Ω) occurs at 
position F3 

IV. CONCLUSION  

PSCAD simulation results as well as the theoretical 

analysis exhibits the below mentioned conclusions: 

(1) There is always a huge capacitance current on 

transmission lines with extra high voltage and ultra high 

voltage furthermore the reimbursement of the distributed 

capacitive current is essential for relay to operate properly. In 

order to fulfill this condition, low computational rate has been 

chosen for dealing with current differential protection for 

distributed transmission lines on time domain algorithm. 

(2) In comparison with traditional protection, the novel 

protection has more rapid response, stability, sensitivity and 

selectivity for protections of EHV and UHV transmission lines. 

(3) Novel protection works on steady state as well as in 

transient state. The performance in steady as well as in 

transient states is not influenced by the capacitive current of 

transmission lines.  
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