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1. INTRODUCTION 

 

Transmission line differential protection function is one of the most important protection 

of transmission lines which should issue trip signal without any delay in case of any faults 

in transmission lines.  

The most important advantage of transmission line differential protection function is 

unaffected to external faults [1-3]. 

Transmission Line differential protection function is based on the impedance of fault 

component is proposed in [4]. Reference [5, 6] has described protection of transformer 

differential performance, for conventional and Ethernet-based signalling where hardwired 

implementation replaced with process bus implementation. The instantaneous value of 

process bus for transmission line differential protection is presented in [7]. Reference [8] 

discussed line differential protection based on IEC 61850. In [9] an adaptive current line 

differential protection scheme is proposed to improve the dependability and security of the 

transmission line differential function. Wide area differential protection based on IEC 61850 

is presented in [10]. Based on the literature review on line differential line protection there 

are two important problems for this protection function. Communication and Charging 

Current Compensation of distributed parameter line are the both of the problems which are 

discussed on this paper. 
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2. MICROPROCESSOR RELAYS 

 

Microprocessor relays have a central processing unit (CPU) which handles multiple types 

of Inputs and Outputs (I/O) that can communicate over a LAN with an operator interface, 

or for other microprocessor relays with same protocol. The input of these relays can support 

variety of analogue or signals from field where the relays convert these signals into the logic 

signals. In the other side the Outputs isolate the signals generated in the relays into analogue 

or digital data that can be used by field devices.  

Virtual inputs contain signals which is generated by process devices. The virtual outputs 

of logic equations are used for customisation. Virtual outputs can also serve as virtual inputs 

to logic equations. The analogue I/O are signals which are associated with transducers. One 

of the most advantages of microprocessor relays is communication facility. With this 

feature, the relays can share the information and data within their network. There is different 

protocol for communication between these relays. In fact, different vender uses different 

communication. This makes problem when utilities want to use device from different 

venders. In order to solve this problem, the IEC 61850 standard has been introduced. The 

main goal of this standard was interoperability for communication between relays and other 

devices within a network. In a microprocessor relays, the remote I/O provide a sharing point 

state between microprocessor relays which are im`plemented by GOOSE or Generic Object 

Oriented Substation Events based on IEC 61850.  

 

 
Figure 1 General Electric Microprocessor block diagram 
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Figure 2 SIEMENS Microprocessor Relay block diagram 

 

 

3. LINE DIFFERENTIAL PROTECTION 

 

The differential protection is one of the main protection function of any device. It is based 

on the comparison of current. This protection function can be implemented in any electrical 

device to protect it against internal faults. To do this, one device must be installed at each 

end of the zone to be protected. In case of transmission line, implementation of this is not 

easy because the data from the both sides of a transmission line have to compare to each 

other. Therefore, communication channel is needed. The devices exchange their sampled 

data via communication channel and compare them together. In internal fault the relevance 

circuit breaker is tripped. Figure 3 shows the basic of digital differential protection for two 

ends transmission line. The current at station 1 is measured by CT1 and the current at station 

2 is measured by CT2. These measured values are sent to a digital differential relay. It is 

clear that sending the measured data form one end to other end needs a reliable 

communication channel. When a fault occurs in the protected zone, a current i1 + i2 which 

is proportional to the fault currents I1 + I2 flowing in from both sides is fed to the measuring 

http://creativecommons.org/licenses/by/4.0/
http://ijseries.com/
http://creativecommons.org/licenses/by/4.0/


  
 

International Journal Series,  

Archives of Electronics and Electrical Engineering, Vol. 2, No. 5, 2016, 14-26  
 
http://ijseries.com/ 

 

 
 

This work is licensed under a Creative Commons Attribution 4.0 International License. 
17 

element. Consequently, the simple circuit shown in Figure 3 ensures a reliable tripping of 

the protection if the fault current flowing into the protected zone during any fault. 

 

 
Figure 3 Basic principle of the differential protection for a line with two ends 

 

 

To prepare the examined measured amounts of all line closes at every transmission line 

end, these must be transmitted in an extraordinary structure. In this way, the trip condition 

at every ends of a line can be checked and the particular nearby breaker can be operated.  

The essential standard of the differential protection is that the total of all current 

streaming into the object ought to be zero in normal conditions. This is substantial for the 

essential framework and even there if parallel current created by line capacitances or 

magnetizing CT and parallel reactors be dismissed.  

The current which are connected to the devices by means of the CT, are liable to 

measuring error that the reaction normal for the CT and the info circuits of the secured range. 

Transmission blunders can likewise bring about deviations of the deliberate information. In 

this manner, the aggregate whole of all current prepared in the ensured zone in typical t ime 

is not precisely equivalent to zero. Furthermore, the differential protection is controlled 

against these distinctions. 

 
Figure 4 Differential protection pickup characteristic 
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Transmission line differential relays operate based on current input only where Charging 

Current compensation (CCC) of transmission line can change the measured values. So it can 

effect on the performance of relays.  

Voltage values are also used for some protection application such as directional 

functions, fault locator, metering, and distance protection.  

 

 

Table 1 shows the ANSI (American National Standards Institute) codes for different 

protection functions.  Figure 5 shows the functions related to differential line protection 

functions. The related functions for voltage and current are connected to CT and PT by a 

line. It means, the function which need the current values, should connect to CT by a line. 

This diagram can help to understand the protection function and for setting of them. 

 

 

Table 1. 1 Device number and function 
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Figure 5 Single line diagram of functions in line differential relays 

Microprocessor line differential relays are digital current differential relays system with 

an integral communications channel interface to provide protection for transmission lines. 

The restraint is similar to a traditional percentage differential scheme, but is adaptive based 

on relay measurements. Figure 6 shows a transmission line protection relay block diagram 

in a microprocessor relay. The measured voltage and current which are in the left side of the 

picture, receive the value of voltage and current and after filtering and processing, the related 

protection function receives them. The trip signal will issue based on the logic function on 

for each protection function. The trip signal has been shown in the left side of the picture. 

The logic for digital differential protection function is shown in Figure 7. 
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Figure 6 protection relay block diagram 
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Figure 7 Differential relay function block diagram 

 

 

4. CHARGING CURRENT COMPENSATION 

 

One of the difficulty of application in transmission line differential protection function 

specially in long transmission line is capacitive current due to charge of capacitance of line. 

When a fault happened in a transmission line, large magnitude of harmonics occurs. These 

harmonics can change the measured value in substation and effect on protection relays [11]. 

http://creativecommons.org/licenses/by/4.0/
http://ijseries.com/
http://creativecommons.org/licenses/by/4.0/


  
 

International Journal Series,  

Archives of Electronics and Electrical Engineering, Vol. 2, No. 5, 2016, 14-26  
 
http://ijseries.com/ 

 

 
 

This work is licensed under a Creative Commons Attribution 4.0 International License. 
22 

Another problem for this current is when the line what to connect to line at first this 

capacitance need current to charge. Therefore, the differential relay finds this as a fault and 

it need to proper setting for this charging current. 

Charging current compensation is an extra capacity for the differential protection 

security. It permits to accomplish a higher affectability by compensating the charging 

current that move through the capacitance of the line and which are caused by the 

capacitances of the overhead transmission line. Because of the capacitances, charging 

current are flowing even in typical circumstances and cause a difference of current flows at 

the end of the secured zone. Particularly when long transmission lines must be secured, the 

CCC can achieve a high values compare to short transmission lines. Therefore, in this case, 

more setting and consider should be done.  

 

 
Figure 8 Charging current compensation for a transmission line 

 

 

5. SYNCHRONIZATION 

Transmission line differential protection techniques are based on the sum of the currents 

entering each line from all terminals is equal to the CCC. There are three relays to this 

function; data consolidation, restraint characteristic, and sampling synchronization of the 

data.  

In advanced present day microchip based protection relay, information consolidation 

refers to the extraction of appropriate parameters to be transmitted from inspected 

information of transmission line. By utilizing information, a parity is accomplished between 

transient reaction and transmission capacity necessities. Consolidation is conceivable with 

two measurements of stages and related time. Time comprises of consolidating a period 

arrangement of examined information to lessen the data transfer capacity. Furthermore, 
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phase comprises of joining data from the framework. In spite of the fact that stage 

solidification is conceivable, it is for the most part not utilized in computerized plans, since 

it is coveted to identify the deficiency. In time segment, time can decrease correspondences 

transfer speed and it can enhance security by taking out the possibility of falsely translating 

of a solitary undermined information. 

Time synchronization is an important requirement of digital transmission line differential 

relays that is more critical when data is taken at the remote end. The digital relays approach 

to clock synchronization relies upon distributed synchronization which can be achieved by 

synchronizing the clocks to each other. Clocks are synchronized to each other and frequency 

should be synchronized to the frequency of power system. Microprocessor digital relays 

compare the phase of the clock to the phase of the other clocks and compare them to 

frequency of the clock of power system and make appropriate decision. As long as there are 

enough channels operating to provide protection, the clocks will be synchronized.  

Time synchronization is a vital necessity of advanced transmission line differential 

protection relays that is more critical when information is taken at the remote end of the 

line. The advanced relays are dealing with clock synchronization depends upon 

disseminated synchronization which can be accomplished by synchronizing the tickers to 

each other. Timekeepers are synchronized to each other and recurrence ought to be 

synchronized to the recurrence of force framework. Chip advanced transfers contrast the 

period of the clock with the period of alternate timekeepers and contrast them with 

recurrence of the clock of force framework and settle on fitting choice. For whatever length 

of time that there are sufficient channels working to give assurance, the timekeepers will be 

synchronized. 

In digital substation time synchronization is required and a receiver and an IED is 

dedicated to do this purpose. The output of this is in different standard format available. 

IRIG-B is the most physical port to synchronize of relays in a substation. 

Synchronization of data is required in any digital line differential protection scheme, 

because measurements must be made at the same time. Synchronization error shows up as 

phase angle and transient error in the measuring in the ends of a line. To have a better result, 

the sampled values should be synchronized at all terminals of transmission. In the case of 

peer-to-peer structure, synchronization is accomplished by synchronizing the clocks to each 

other. In this case, each relay compares its clock with the other one and compares the 

frequency to frequency of power system and makes proper decision. In the case more than 

one terminal, asymmetric communications channel time delay is automatically compensated 

for all cases. Digital transmission line differential relays apply peer to peer communication 

in each side of transmission line.  
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Figure 9 Block diagram for clock synchronization 

 

 

GPS (Global Positioning System) can compensate the communication delay. To do this, 

a GPS receiver is required. It can provide a GPS clock signal to the microprocessor relay. 

In this case, there are two clocks: a local sampling and a local GPS. The sampling one 

controls data sampling and the GPS provides an accurate, absolute time reference used to 

measure time delay. The local sampling clocks are synchronized to each other in phase and 

to the power system in frequency. The local GPS clocks are synchronized to GPS time using 

the externally provided GPS signal. 

The data of each ends is tagged with time and transmit to other side of line. In this case, 

it is possible to compute sampling clock deviation and channel delay. In case of missing a 

GPS signal, the channel asymmetry compensation is not enabled, and the relay clock may 

start to drift and accumulate error. Consequently, the transmission line differential 

protection function has to be blocked. 
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6. COMMUNICATION 

 

The line differential function is designed (Figure 10) to work with digital communication 

systems. 

Communication can be applying with many different communication connections. Which 

kind of media is used depends on the distance and on the communication media available. 

For shorter distances, a direct connection via optical fibres with a transmission rate of 512 

Kbit/s is possible. Otherwise, we recommend communication converters. A transmission 

via modems and communication networks can also be realized. However, the tripping times 

of the differential protection devices depend on the transmission quality. 

These days, using OPGW (Optical Ground Wire) is the most common communication 

media in transmission lines. This wire is over a transmission line. It is not only for protecting 

of transmission lines against lightning strike but also holding a fibre optic inside. This fibre 

is used for communication between the substation and substation to control centre. In case 

of differential protection, it can carry the signals related to this protection function. The 

measured data can be sent to other side with high speed throw the fibre. 

 

 
 

Figure 10 Designed differential function 
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7.  CONCLUSION  

 

Differential protection is one of the main protection functions in any electrical system. 

In case of protection of transmission lines, the devices exchange their Sampled data via 

communication channel and compare the currents.  

Application of time synchronization in microprocessor line differential relays make the 

protection functions much more available and accurate. Digital sampling makes relay much 

more sensitive. Digital transmission line differential relays apply peer to peer 

communication in each side of a line. Each relay computes differential current with 

synchronized data. 
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