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Abstract. As we know short circuits are an inevitable phenomenon for the electrical power system. These 

damages must be quickly detected by the relay protection system and the damaged part must be isolated 

quickly. The defense of a line is of particular importance. When a defense system is designed, a 

compromise must be made between economics and performance, independence and security, complexity 

and simplicity, accuracy and speed.  

From a technical point of view, the correct performance of the relay protection has been of particular 

importance over the years. It is not desirable for a node of the system to be taken out of service due to a 

wrong action of the relay protection leading to energy faults, accompanied by penalties to consumers and 

disadvantages vis-à-vis competitors for companies operating in the energy market. In some case’s the 

local backup protection is combined with the remote backup protection which is defined as a backup of 

the backup.  

In numerical relays, often at the "software" level, the user can implement functions based on logical 

mathematical blocks. In this combination with the rapid developments in information technology with 

applications in the system in the electrical power system made the relay protection quite efficient and 

powerful, any error in the communication channels or human errors can cause the relay protection to 

malfunction or malfunction.  
Keywords: Power System, Relay protection, damaged, energy.  

 

 

 

 
1. INTRODUCTION: 

 

Short circuits are an inevitable phenomenon for the electrical power system. These damages must be 

quickly detected by the relay protection system and the damaged part must be isolated quickly. But to 

achieve this goal a protective system with fast and safe action is necessary and essential. It will minimize 

the risk that a local event could bring down the entire electrical system. 

The defense of a line is of particular importance. When designing a defense system, a compromise must 

be made between economics and performance, independence and security, complexity and simplicity, 

accuracy and speed. 

Here the focus is on the performance of the relays from the point of view of the electrical system. 

From a technical point of view, the correct performance of the relay protection has been of particular 

importance over the years. It is not desirable for a node of the system to be taken out of service due to a 

wrong action of the relay protection leading to energy faults, accompanied by penalties to consumers and 

disadvantages vis-à-vis competitors for companies operating in the energy market. short circuits are an 

inevitable phenomenon for the electrical power system. These damages must be quickly detected by the 

relay protection system and the damaged part must be isolated quickly. The first digital relay was 

developed by Rockefeller in the early 80s. Nowadays many protective relays are microprocessor based. 

Substation automation includes protection, control and monitoring of power equipment. 

By the measurement principle, we mean the principle in which the relays receive the electrical magnitude 

from the protected object and which is monitored by the protection.  

Measuring the ratio between current and voltage, or impedance in the general case, gives us the distance 

over which the damage has occurred, and the protection is now called distance.
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2. Digital Relay Technology 

 

The first digital relay was developed by Rockefeller in the early 80s. Then many literatures reported new 

techniques on digital relays or numerical relays. Nowadays many protective relays are microprocessor 

based. 

Numerical technology provides an unpredictable flexibility in relay design, flexibility that cannot be 

provided in static or electromagnetic relay designs. 

Setting the relay parameters can affect the relay characteristics, some other relays require more 

information from the information system to set the boundary conditions. Intelligently determining relay 

parameters is a challenge for protection engineers. Protection relays and their associated equipment carry 

and process a large amount of data. This data can be transferred to the control center for further analyzes 

in real time "online" or analyzes of an "offline" nature. 

Substation automation encompasses the protection, control and monitoring of power equipment. A 

modern microprocessor-based relay protection with communication facility can also protect, control and 

monitor functions. The data network can link digital relays to form a substation automation. The 

centralized system can coordinate all protection parameters and transfer them to the relays. Computer 

processing power and telecommunications technology are like a rocket going to the sky, is real-time 

protection and adaptive coordination setting of relay parameters are possible according to changes in 

electrical system configurations. The measurement of the ratio between the current and the voltage that 

is the impedance in the general case gives us the distance at which the damage has occurred and the 

protection is now called distance. 

To ensure selectivity, the value of the measured electric quantity is usually used as information (I, U, S, 

Z), but often this is not enough, and the time of relay operation is added to this information. In this case, 

by using both of these, sufficient selectivity is ensured by which only the damaged element or the 

minimum possible part of the system where the damage has occurred is switched off. 

The distance relay protection is a universal device for protection, control and automation, its high level 

of flexibility makes it suitable to be applied at all voltage levels. 

With this relay you are ideally equipped for the future: 

• it provides investment security 

• and also saves on operating expenses. 

 Distance relay protection is used in the protection of aerial and cable lines at all voltage levels from 5 to 

765 kV. 

The advantages and disadvantages of distance protection are as follows. 

a) Advantages: 

• It is selective line protection in networks, 

• The action time of the relay is usually very small, 

• This protection is backup protection with the second and third zones for other subsequent relays, 

• The first zones which cover at least 85% of the protected line are fast-acting and have absolute 

selectivity, 

• Not affected by addition and change of load up to the rated load of the line 

b) Disadvantages: 

• the sensitivity depends on the impedance of the load, and the action of the protection is influenced by: 

• Short line, 

• Power fluctuations, 

• Impact of damage resistance, 

• High cost, optional functions increase the cost of the relay, 

In order to enable the evaluation between the normal and damaged regimes, a zone of normal operation 

and an area of abnormal operation were used. If the apparent impedance seen by the distance relay is 

outside the damage zone the relay will not send an impulse to the circuit and if it sees this impedance 

inside the damage zone then it will operate. 



 

 

 

 

 
 

Figure 1 Distance protection. Working principle 
 

 

 

3. Results: 

 

We have taken as an example the testing of a protection in the electricity system of Kosovo. 

First, to use this device, the corresponding software licensed by the OMICRON company must 

be installed, depending on the type of device we want to test, the configuration of the OMICRON 

connection to the device we want to test also changes. 

In our case of distance protection, we connect three currents, three voltages and the tripping 

terminals of the circuit breaker in order to simulate the short circuit and the tripping time as 

accurately as possible. 

 
 

Figure 2 The f irst  page of  testing a remote 

protection  

 

 



After the many steps that we followed through the Omicron device, we had to fill in the 

details for the line where we tested it, starting from the line name, length, load and any 

other information. And in order to be able to write all this information, it was necessary 

to follow a series of steps where at the end of all the testing we obtained the results as 

below.After we have tested the Omicron line as a smart device, it generates a report 

with all the details and the results of how the test went. 

 
     Figure 3 The first part of the report with main line data and test 

data .  

 

Figure 3 shows first the main data of the birth as we can see in the report, but also the 

main data of the test, i.e. at what time it started, which part of the line was tested, how 

much was the load, etc.



As we mentioned above, the working principle of distance protection is to work with areas, and 

according to this principle, the line testing was also done in our case. 

In the following, we will present only the main test results for the 3 main areas of distance 

protection, because the generated report is very long and in more detail, so it was not possible 

to present all of them. 

 

 

 
 

                         Figure 4 Test data between two phases L1-L2 

 

In this part of figure 4, the test for L1-L2 is presented, and as can be seen in the figure, certain 

areas that have reacted are highlighted and are shaded with colors. As far as this part is 

concerned, everything was in order and the remote protection acted on time. 

 



 
 

                         Figure 5 Test data between two phases L2-L3 

 

In this part of figure 5, the test for L2-L3 is presented, and as can be seen in the figure, certain 

areas that have reacted are highlighted and are shaded with colors. As far as this part is 

concerned, everything was in order and the remote protection acted on time. 



 

 
                       Figure 6 Test data between two phases L1- L2-L3 

 

 
At the very end of this test, the final part is generated where the Omicron device shows 

exactly whether the test has passed or not. 

If the test has passed, it means that everything regarding the relay protection is in order and in 

case of any damage, the distance protection is ready to act in time. 

So even in our case the test has passed successfully 



 

 

4. Conclusions: 

 

Thesis consists theoretical analyzes of distance protection and its importance in practice, in 

protection and security of electric system; facilitation and flexibility that this protection offers, 

as well basic steps of  theoretical analyzes of OMICRON device, by relevant application that 

helps in measurement of distance protection parameters. 

 

Through this equipment, at the end of the thesis a real testing will be presented, by following 

concrete steps in order to achieve a successful testing of the equipment.  
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