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Abstract— In recent years the popularity of HVDC system is 

increasing in power system because of its advantages over 

AC system for long transmission line. Thus the transmission 

line protection plays a vital role in the protection of the 

system. This project proposes transmission line backup 

protection using reactive energy. The direction of reactive 

energy in the system are analysed to identify the internal and 

external fault in the system and these characteristics of 

reactive energy are used to construct directional protection. 

And appropriate protection method is applied using relay 

and circuit breaker combination. The positive sequence 

voltage analyser will be used to extract the voltage and 

logical operator combination is used to extract the tripping 

signal for the relay and also circuit breaker. Bipolar 12-pulse 

HVDC system is simulated in MATLAB/Simulink software. 

And simulations for various faults are carried out. This 

project clearly identifies the internal and external faults in 

the system. 
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I. INTRODUCTION 

The demand of electrical energy around the world is 

increasing because of increase in industrial growth. To meet 

the demand, generation and transmission capacity has been 

increased. So there is need in transmission of electrical 

energy at high voltages. [1] During earlier days AC 

transmission system were being used to transmit the 

electrical power over long distance. Remote generation and 

transmission of power at high voltage, AC transmission 

system is not feasible. And also problems exist in 

transmission of bulk power over long distance. So the 

limitations in transmission of bulk power over AC system 

have led to development in DC transmission system. Energy 

loss during distance transmission can be minimized using 

DC transmission system. DC system has advantageous over 

AC transmission system. 

1) Bulk power transmission over long distance. 

2) Under water transmission 

The protective techniques which are used for the 

protection of HVDC system plays a very important role in 

the system. And many techniques are there for the 

protection of HVDC system. [2] Commonly used DC line 

protection is voltage differential rate to find the fault. But 

this technique is easily affected by fault resistance. And this 

technique cannot analyse high impedance fault. Another 

protective technique is by using travelling-wave protection 

[3]. In HVDC line, analysis of accurate fault on the line is 

the basis for the protection. But the performance of this type 

of protection can be affected by disturbance. [4] Another 

protection method is distance protection scheme for the 

transmission lines. This method is similar to the travelling 

wave concept but difference in detection algorithm. For the 

detection of fault time difference between incident and 

reflected wave is used. The drawback of this type of 

protection scheme is that the waves are damped because of 

fault loop impedance. [5] And also hybrid protection 

algorithm is used for the protection it introduces distance 

protection algorithm using travelling and boundary 

protection. But disadvantage of this type of protection is, it’s 

difficult to distinguish between reflected wave and 

disturbance wave from the fault point in some cases.  

Distance protection based on frequency dependent 

model is developed [6]. But the disadvantage is protection 

scheme cannot reach entire length because of the 

measurement errors in the system. Traditional DC line 

protections for HVDC system have poor reliability and 

insensitivity for some faults. Recently some studies have 

proposed for the protection using boundary characteristics of 

the transmission. Using single terminal measurement [7] it 

can discriminate the internal and external fault. The type 

protection depends on the frequency characteristics of 

components like smoothing reactor and DC filter. But in 

many protection scheme high frequency sample is required, 

which is cannot be possible in practical application. 

All these protection schemes are considered as 

primary protection schemes. During some condition the 

primary protection schemes fails to operate. At that time 

back up protection will come into action. For HVDC line 

many backup protection schemes are there in that DC 

minimum voltage protection is extensively used in the 

system because of its simplicity [8]. The protective zones 

are DC line and components connected to the line. It 

involves 2 different principles for the protection. First one it 

compares, dc voltage with pre-set value. And second type, 

when firing angle is greater than 80 degree protection is 

picked up. But in this type of protection we cannot 

differentiate between AC fault and DC line fault. 

To overcome the limitations in the conventional 

protection method a new protective method has been 

proposed. The proposed method uses reactive energy to 

identify the faults in the system. [9] In this proposed method 

characteristics of reactive energy direction is analysed to 

distinguish internal fault and external faults in the system. 

And the characteristics are used to build the protective 

method. 

II. BASIC PRINCIPLE 

Under typical working condition of HVDC system, it 

generally supplies active power while the reactive power on 

the transmission line is about zero. But some quantity of 

harmonic components will be there on the DC line. The 

amount of reactive power on the transmission line relies on 

upon the smoothing reactor and DC filter. The aggregate 

amount of the harmonic current and voltage are commonly 

under 5% of the evaluated values. On the other hand when 
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line fault happens, the current and voltage at the terminal of 

transmission line contains a transient part because of the 

capacitive and inductive segments in the framework. 

Consequently bringing about flow of reactive power on DC 

transmission line. Conventional HVDC system uses shunt 

capacitor banks for the compensation of reactive power in 

the system. Switching of capacitor banks controls the 

reactive power which is intended to keep the reactive power 

equalization in the system. By changing switch of capacitor 

banks reactive p0wer consumption can be changed in steps. 

This sort of control should be cut off during the transient 

condition to stay away from successive switch operations. In 

this manner, the reactive power is thought to be uncontrolled 

during fault, and it is essentially influenced by the nature of 

components. As investigated in this segment, during fault 

condition uncontrolled reactive power flow to the fault point 

has different direction during internal and external fault 

condition. As per the above examination the reactive power 

on transmission line can be used to recognize the fault event 

and identification of fault. In this manner the necessary of 

reactive power is chosen to develop the HVDC line 

protection. 

III. METHODOLOGY 

A. Identification of Fault Direction 

For the protection of HVDC system it is necessary to 

identify the type of fault. That means whether the fault is on 

the line i.e internal fault or external fault. Identification of 

type of fault in the system and apply the protection method 

is main aim of this project. In transmission system, fault 

which is occurring on the DC transmission line is considered 

as internal fault and remaining all other faults are considered 

as external fault. Here for the identification of internal and 

external fault in the system direction protection is used. This 

means the directions of reactive energies from rectifier and 

inverter sides are analysed for the identification of fault. 

During any fault there will be sufficient flow of reactive 

energy on the DC line. This reactive energy helps us to 

identify the type of fault. In directional protection of HVDC 

system, it uses a reference direction from both the sides. If 

the reactive energies from both sides i.e from rectifier and 

inverter side have different direction then internal fault is 

detected. If reactive energy of both the sides has same 

direction then external fault is identified. 

Thus fault identification can be done by using 

WR(t)WI(t)<0      internal fault 

WR(t)WI(t)>0      external fault 

Where WR is reactive energy from rectifier side 

WI is reactive energy from inverter side 
If the HVDC system is monopolar, reactive energy 

is measured from single pole to identify the fault direction. 

In case of bipolar system reactive energies from both poles 

are used to identify the fault as follows 

W(t)= Wpos(t)+Wneg(t)                                      3.1 

Where Wpos is reactive energy from positive pole 

Wneg is reactive energy from negative pole 

B. Threshold Setting  

For the proper operation of protection method threshold 

value is necessary. The threshold value can be calculated as 

𝑊𝑠𝑒𝑡 = 𝑘𝑟𝑊ℎ𝑎𝑟 = 𝑘𝑟(𝑘ℎ𝑎𝑟𝑈𝑁𝑘ℎ𝑎𝑟𝐼𝑁𝑡) = 𝑘𝑟𝑘ℎ𝑎𝑟
2𝑈𝑁𝐼𝑁𝑡𝑑 

Where 𝑘𝑟 reliability coefficient 

𝑊ℎ𝑎𝑟harmonic component reactive energy 

𝑘ℎ𝑎𝑟  proportion coefficient of harmonic voltage and      

current 

𝑈𝑁𝐼𝑁 rated voltage and rated current  

C. Flow Chart 

Fig 1 shows the flow chart of the operation of protection. At 

the beginning, system will get the continuous voltage and 

current data. As time progresses continuously reactive 

energy is calculated. Suppose any fault occurs the reactive 

energy is calculated. If the reactive energy is greater than the 

threshold value fault direction identification criteria is 

carried out. Based on that internal and external fault is 

identified. 

 
Fig. 1: Flow chart of the protection method 

IV. TEST SYSTEM AND SIMULATION RESULT 

A. Simulation Model 

 
a) 
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b) 

Fig. 2: HVDC transmission system a) HVDC system b) DC 

filters 

Above figure shows the conventional HVDC transmission 

system. It has generator which is used to produce AC power, 

then convrerter transformer to step up the voltage, rectifier 

to convert AC to DC, Zs and Zf is the smoothing reactor and 

filters respectively. DC line to transmitt direct current from 

one end to other end. Inverter to convert DC to AC and 

again converter transformer and grid. 

 
Fig. 3: HVDC simulation model in MAT lab 

Tools used: MAT lab/ Simulink software is used to simulate 

the proposed system. Simulation is carried out for various 

faults in the system 

B. Simulation Results 

1) Internal Fault 

Internal fault in the transmission system refers to the fault 

on the line. DC transmission fault is considered as internal 

fault. Internal fault F1 is shown in the Fig 2. Reactive 

energies from rectifier and inverter side are shown in Fig 4. 

 
Fig. 4: Internal fault 

As we discussed earlier, for internal fault the 

direction of reactive energies from both sides will be 

different. From the graph also we can see the direction of 

energies is different. Reactive energy from rectifier side is in 

positive direction and reactive energy from inverter side is 

in negative direction. The graph shows that this protection 

method correctly identifies the internal fault. 

2) External Fault 

Excluding internal fault (DC line fault) remaining all the 

faults in the system are considered as external faults. In 

external fault there is AC side fault and DC side fault. 

a) DC External Fault 

DC external fault at F2 and F3 are shown in Fig 2. The 

simulated results are shown in the Fig 5 and 6 respectively. 

The reactive energies of both sides are shown in the graphs. 

As discussed earlier during external fault the direction of 

reactive energies from both sides are same. Either reactive 

energies are in positive or negative. The reactive energies 

are both positive when the faults occurs at the inverter side, 

whereas they are both negative for the rectifier-side fault. 

Thus, the directions of the reactive energies at both sides are 

the same in external fault situations, as analysed in Section 

III. 
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Fig. 5: DC external fault at inverter side 

 
Fig. 6: DC external fault at rectifier side 

b)  AC External Fault 

AC external fault at rectifier side F4 and F5 are shown in Fig 

2. The simulated result are shown in the Fig 7 and 8. The 

reactive energies of both sides are shown in the graph. As 

discussed earlier during external fault the direction of 

reactive energies from both sides are same. Either reactive 

energies are in positive or negative. The reactive energies 

are both positive when the faults occurs at the inverter side, 

whereas they are both negative for the rectifier-side fault. 

Thus, the directions of the reactive energies at both sides are 

the same in external fault situations. 

 
Fig. 7: AC external fault at rectifier side. 

 
                 Fig. 8: AC external fault inverter side 

V. MODIFIED WORK 

For modification under voltage relay and circuit breaker 

combination are used in the system. One relay is used in AC 

sending end side and another relay in AC receiving end side. 

We are using relay and circuit breaker combination to 

protect the system from all the faults.  

Relay is a switch which operates electrically. 

Application of relay has wide range it can be used for 

several applications starting from household to industrial. 

The initial application of relay was found in large distance. 

There are various kinds of relay in the market like 

electromagnetic and solid state. Due to digitalization of 

industry relay has found its application in so many functions 

that are inside the industry. 

Under voltage relay works under the condition that 

if the voltage level of the system falls below certain 

threshold set for the relay to operate. This kind of relay is 

used to protect the system from under voltage and short 

circuit faults. The response of this kind of relay depends on 

the setting that is provided externally. 

A. Modified Simulated Block Diagram 

 
Fig. 9: Relay and circuit breaker combination in the system. 



Protective Method for HVDC Transmission Line using Directional Characteristics of Reactive Energy 

 (IJSRD/Vol. 4/Issue 05/2016/333) 

 

 All rights reserved by www.ijsrd.com 1369 

The modified simulated block diagram is quite same with 

the base case diagram. But the difference is that the 

combination of relay and circuit has been used in the 

system. The green block in the above fig representing the 

circuit breaker. The whole under voltage relay configuration 

has been drawn as shown in the simulated block diagram. 

The combination includes one positive voltage sequence 

analyser based on FFT and it will be used along with the 

combination of the threshold setting. Threshold that has 

been set for the relay operation by us is 0.38 to 0.4 voltage 

in p.u. if the system voltage falls below this limit the relay 

will operate and it will give signal to the circuit breaker. The 

under voltage relay designing consists of a combination of 

two relational operators. They are AND and NOT gate. The 

output of the relational operator AND will be inverted by 

the NOT gate and the same gate signal is given to the circuit 

breaker tripping coil so that it will trip the system. 

B. Simulation Result 

1) Internal Fault 

The internal fault to this modified work is injected on DC 

line at 0 to 0.04sec. And during that period the behaviour of 

current is plotted below. 

 
                        Fig. 10: Behaviour of current 

From the plotted graph we can easily see that, 

during the period when fault was injected there is a certain 

deviation in the current. This deviation is due to the opening 

of the circuit breaker. 

 
              Fig. 11: tripping operation of the relay 

For the same duration, from the graph we can see 

the tripping operation of relay. It starts operating at 0.027 

sec and it will come back to normal operation at 0.045 sec. 

as the fault will be cleared. The sudden changes in the relay 

behaviour can be seen in the graph during the period of 

0.035 and 0.04 sec due to the spontaneous behaviour of the 

under voltage relay. This behaviour comes into the picture 

because of sudden changes in voltage values through-out the 

system.  

2) External Fault 

For AC external faults the operation of relay and circuit 

breaker are studied. Fault is applied at inverter side of AC 

system. Figure below shows the behaviour of current. 

 
                    Fig. 12: Behaviour of current 

From the above graph we can see that when the 

fault is applied there is certain deviation in the current. This 

is because of opening of the circuit breaker. 

 
                   Fig. 13: Tripping operation of relay 

From the graph we can see the tripping operation of 

relay. It starts operating at 0.027 sec and it will come back 

to normal operation at 0.04 sec. as the fault will be cleared. 

VI. CONCLUSION 

This project discusses algorithm to identify the type of fault 

based on the reactive energies for transmission lines. The 

fault analysis has been done based on the equivalent circuit 

for the HVDC system and the direction protection scheme. 

A combination of circuit breaker and relay is used to protect 

the system during the time of the fault. The relay used is 

under voltage relay. The simulation study has been carried 

out for all the type of faults. And the graphs are plotted. 

APPENDIX 

The parameters of the HVDC system are listed in Table. 

Symbol Description Value 

   

UN The rated voltage 500 kV 

IN The rated current 2 kA 

Us1 AC system 
345 kV, 50 

Hz 

Us2 AC system 
230 kV, 50 

Hz 
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ZS Smoothing reactor 0.29 H 

Xl 
The leakage reactance of the 

converter transformer 
0.18 p.u. 

L DC line length 800 km 

R Line resistance 
0.0396 

Ω/km 

C1  2 μF 

L1  11.71 mH 

C2  9.074 μF 

L2 DC filter 5.874 mH 

C3  2 μF 

L3  6.46 mH 

C4  3.752 μF 

L4  11.35 mH 
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