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Abstract 
 

The interest on distributed generations in smart distribution 

systems changed them to the integral part of the distribution 

networks. However, hosting of the distributed generation 

cause some problems for the distribution network protection 

system including performance delaying of traditional 

protection systems in case of islanding conditions which is 

because of the decreasing the sensed currents by the relays 

and false trip of the relays because of missing distributed 

generations. In this paper, due to overcome on these 

problems by using of adaptive relays, a protection scheme 

based on local data and offline calculation will be proposed 

which will help relays to adapt themselves with new 

situations and change their settings automatically and cause 

better performance in fault situations. In addition, these 

relays have the ability of fault detection and subsequently 

update their settings in both retrieval-islanded part by the 

distributed generations and the part, which are connected to 

the network. This protection scheme added to a test system 

and then the results comprised with the traditional scheme. 

 

1. Interdiction 
 

One of the main reasons in case of increasing the hosting of 

distributed generation in distribution systems is the ability to use 

in Islanding situations, which will improve the reliability of 

system. Islanding situation occurs in distribution systems when a 

part of system is disported from the others but is feeding by the 

connected distributed generation. This phenomenon can be 

desirable or undesirable. For example, it can be desirable for 

retrieval downward parts of the faulted point. However many 

problems would be solved before islanding, solving the 

protection coordination which occur after the islanding and 

system retrieval will be the most important item. 

By penetration of distributed generations in distribution 

systems, the system wouldn’t be a radial system the direction of 

the currents wouldn’t be in one orientation, and the systems 

changed to a double feed system. So the non -directional 

overcurrent relays replaced by directional ones. [1] The portion 

of the current feeding by the different distributed generations 

related to their type. Distributed generations which connected to 

the system by inverters have the minimum portion in fault 

current (approx. 1 pu) and it’s since their output are controlled 

by the inverter. Against these DGs, Micro Turbines and 

synchronous generators have the most portions in the fault 

current and subsequently have the most effects on protection 

system. [2] So in this paper all the distributed generations 

considered as Micro Turbines. 

 
 

Fig. 1. The difference between short circuit level in two 

islanding and connected situations. 

 

As showed in figure 1, in Islanding situation system short 

circuit level deceases and by this reason in the fault situation, 

relays sense less current in comparison with the connected 

situation So they will have a delay in tripping and then the fault 

clearing have subsequent delay. This events cause to loss of 

more loads, generators and motors. All the generators and 

motors are equipped with voltage drop relays, which their trip 

rely on the amount of voltage drop and the time of voltage drop. 

In addition, if relays sat for the islanding situation in connected 

situation they may have false tripping. 

Adaptive protection systems have this ability to adapt with 

the different situations of systems and be ready to clear fault in 

minimum time, which in this case the minimum loss loads 

gained. There were so much works on this protection scheme in 

which all of them added units and equipment’s for help to the 

protection system to adapt with all situations of system. In [3] a 

storage flywheel used due to increasing of micro grid short 

circuit level that causes the older relays have the ability of 

simplify fault detection. Also in [4] another method has been 

proposed. These methods because of two reasons including high 

cost and low reliability in case of islanding can’t be applicable, 

just when the storage units have the upward short circuit level. 

In [5] proposed that relays should set for islanding situation and 

for faults in case of connected situations the system should 

change to islanded one as soon as possible. In this situation 

system change to islanded system, so this method cannot be very 

applicable. In addition, in case in which the amount of loads are 

more than the distributed generation capacity it shows some 

detects. By improving the relays and their ability, they use local 

data to detect the new situation and by using of the settings, 

which calculated before and added to relays due to manage the 

new situation. [6] Shows some examples of these methods in 

distribution system. These methods are ideal for systems with 
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Fig. 2. Test system 

 

low quantity of distributed generations and can consider 

maximum one entering or exiting of a DG. In [7,8] the optimal 

settings for two case of islanding and connected used for a 

protection system equipped by a telecommunication base in 

which all information sent to the upward and then new settings 

added to relays. However in islanding situation using of offline 

calculations can be enough but the retrieval island rely on the 

fault location. So the number of states is relying on the number 

of system lines. Data exchange with upward sections increases 

the sending delay and will increase the probability of data 

routing. In [9] changing of the sending data protocol used but 

the directions of data sending increased. So in this paper used a 

protection system in which all the relays adapt themselves with 

the new situations and set their settings automatically. So data 

acquisition will be decreased and with no telecommunication 

base, it will be applicable. Also in this system all the relays will 

sat and this cause lower relay operation time. The type of fault 

in this paper considered three phase. Also the test network 

presented in section 2 and the proposed method described in 

section 3. The simulation results discussed in section 4 and the 

conclusions are presented in section 5. 

 

2. Model of test network 
 

Fig. 2 shows the test network used in this paper which is a 

part of Denmark network and the lines and loads specification 

are noted in [10]. This network has CHP, Wind Turbine and 2 

Gas Turbines. The CHP includes three Gas Turbines. In this 

paper because of having more effect on protection relays, all the 

distributed generation considered as Micro Turbines. CHP 

connected to the 1th Bus and the others connected to 3th, 5th 

and 6th and their each capacity is 630 kW. In this paper, relays 

are digital directional that showed as “R” in Fig. 2 and their 

numbers are their protection zones. Upward system noted as 

External. 

 

3. Proposed method 
 

As mentioned before, In Islanding situation the short circuit 

level will drop. So relays should have the ability of islanding 

detection and updating the settings. Due to islanding detection, 

in [9] used of voltage change rate and in [6] used of the 

frequency change rate. Since in normal conditions, frequency 

will vary between 49.9 Hz and 50.1 Hz [10], if frequency passes 

this limitation-islanding situation occurred and the relay settings 

should be changed. This method in [10] discussed completely. 

In islanding condition relays have no need to calculate the 

settings and these calculations can store in relays that in these 

situations use from data base. On the other hand, for updating 

the relay settings after fault, relays should locate the fault to 

calculate their settings and the other relay settings. Since fault 

may cause to loss distributed generations and this cause 

changing in short circuit level. Direct relays by locating the fault 

inform the others to adapt with the new short circuit level. The 

main relay also corrects its settings as the first relay changed its 

settings. For example, if a fault occurs in R45 line, R45 and R54 

will trip. Therefore, the network changed to two parts. In this 

case, the island in right hand which retrieval by GTG1 and 

GTG2 and the net in left hand which lose two distributed 

generations and the main feeder relay for over current 

coordination will be R34. So in left hand part and in Bus 2 R23 

locate the fault and inform R21. Because if fault occur in line 12 

R21 won’t sense the same current and should calculate new 

settings. In addition, R23 set itself as second rely. In right hand 

part and in Bus 5, R54 locate the fault and inform it to R45. In 

this part in addition to the mentioned works should choose a 

distributed generation as frequency controller. For example, 

consume that the last one will be frequency controller. So if R65 

sense a fault inform the last Bus distributed generation as 

frequency controller. 

 

3.1. Fault locating and relay designing 
 

The location of the fault by relay known within this process 

which each relay saves the other relays specifications for two 

connected and islanded situations. When relay sense more 

current than its sat current start to consider the time and when 

the current gained to the less than of sat current they relay 

consider that the fault cleared and the time will be finished. This 

time interval (Tm) includes the time of downward rely trip time 

and the disconnecting time of circuit breaker. For example when 

a fault occurs on line 56, R34 sense more current in comparison 

with R12 and this is because of the distributed generation, 

which connected to Bus 3. Also this current is less than the fault 

current because of distributed generation which connected to 



Bus 5. By supposing Tm=600ms and if circuit breaker operation 

time would be 50ms then the relay trip time is equal to 550ms.  
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Fig. 3. Adaptive relay block diagram 

 

So R34 according to the sensed current and the calculated time 

for tripping, introduce the relay which its time-current curve is 

near to the sensed current and calculated time as tripper relay. 

For clarifying it, suppose that CTI is equal to 200ms and R34 

for the mentioned fault on line 56 operate 940ms later. So if we 

detract 400ms of it the operation time of R56 will be gained. In 

this way the relay know that the R56 have been tripped and it 

has no distributed generation in Bus 6 and also inform it to R32. 

With adding IED and memory to the digital relays, the relay 

will be improved, [15] since they are programmable because of 

their internal micro controller. [16] Fig. 3 shows this relay block 

diagram. As shown, the relays send voltage amplitude, 

frequency (for detecting the islanding), and current amplitude 

(For detecting during fault) for the mentioned relay. It has a 

telecommunication link with the upward parts due to inform the 

other relays changes in feeders or distributed generations. In this 

way, it can update the relays data base. In addition, there is a 

connection link among the IED and directional relay that re-set 

the settings of relays. 

 

3.2. Relays coordination process 
 

Over current Relay operation time definite as inverse function of 

its current and operate when sense current more than it’s sat 

current. Function of relays defined by two parameters including 

TDS and Ip. [11] For all relays Ip considered as 1.5*max load 

current  

The operation time for instantaneous    relay considered as 50 

ms for 3 phase fault in nearest feeder to the relay. For the other 

feeders and faults with resistant relays specification curve 

modeled as: 
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(1) 

For relays coordination, mostly CTI considered between 

200ms and 500 ms [13, 14] which in this paper considered 200 

ms. relay setting for two state of connected and islanding 

showed in Table 1 and 2. These settings store in relays memory 

and there is no need to re-calculate in islanding and connecting 

situations. But for other situations relays should update their 

settings by the algorithm which shown in Fig 4. 

Figures 5 and 6 are for connected situation and show the time 

straight and inverse curves. Figures 7 and 8 are for islanding 

situation and show the time straight and inverse curves. 

 

Table 1. Relays setting for connected mode. 
 

Relay TDS IP(A) 
Instantaneous 

pickup time 

R12 0.2959 350 6280 

R23 0.2200 350 5885 

R34 0.1695 260 5055 

R45 0.1200 112 4710 

R56 0.0200 112 4360 

R21 0.0100 112 455 

R32 0.0580 112 457 

R43 0.1000 78 306 

R54 0.2100 40 307 

R65 0.2562 20 200 

 

Table 2. Relays setting for Islanded mode. 
 

Relay TDS IP(A) 
Instantaneous 

pickup time 

R12 0.2959 350 6280 

R23 0.2200 350 5885 

R34 0.1695 260 5055 

R45 0.1200 112 4710 

R56 0.0200 112 4360 

R21 0.0100 112 455 

R32 0.0580 112 457 

R43 0.1000 78 306 

R54 0.2100 40 307 

R65 0.2562 20 200 
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Fig. 3. new settings in new situations calculation process 



 
 

Fig. 5. Relays specification curve in straight direction for 

connected situation. 

 

 
 

Fig. 6. Relays specification curve in inverse direction for 

connected situation. 

 

 
 

Fig. 7. Relays specification curve in straight direction for 

islanding situation. 

 
 

Fig. 8. Relays specification curve in inverse direction for 

islanding situation. 

 

4. Simulation and simulation results 
 

First, here will discussed about two state that relay settings after 

islanding not changed and new setting should calculate will be 

done which help us to comprise the operation times in two 

cases. Then considered a fault on line 34 and new setting 

present for left hand relays. In most researches investigation of 

relay settings limited to the relays which their short circuit level 

changed. However re-setting of the relays which are connected 

straight with upward network will cause increasing fault clearing 

time. So, in this paper for investigation of relay setting after 

fault occurring, these relay are comprised in 2 cases. 

 

Table 3. Relay operating time for island without re-setting. 

 
Fault Tripping time of relays in connected mode (sec) 

location Main Backup1 Backup2 Backup3 

Line12 
R12 

1.830 

R21 

0.050 

R32 

0.266 
- 

Line23 
R23 

1.415 
R32 

0.050 

R12 
1.894 

R43 

0.451 

Line34 
R34 

0.849 

R23 

1.433 

R43 

0.050 

R54 

0.645 

Line45 
R45 

0.368 

R54 

0.050 
R34 

0.858 

R65 

0.845 

Line56 
R56 

0.085 

R45 

0.370 

R65 

0.843 
- 

 

Table 4. Relay operating time for island with re-setting. 

 
Fault Tripping time of relays in connected mode (sec) 

location Main Backup1 Backup2 Backup3 

Line12 
R12 

0.050 

R21 

0.050 

R32 

0.265 
- 

Line23 
R23 

0.050 
R32 

0.050 

R12 

0.850 

R43 

0.451 

Line34 
R34 

0.050 

R23 

0.187 

R43 

0.050 

R54 

0.645 

Line45 
R45 

0.050 

R54 

0.050 

R34 

0.181 

R65 

0.845 

Line56 
R56 

0.050 

R45 

0.274 

R65 

0.050 
- 

 

 

Table 5. Comparison between tables 3 and 4. 



 

Percentage 

Reduction 

Overall time of 

operation of relays 

after review 

Overall time of 

operation of relays 

before review 
66% 4.1980s 12.3520s 

 

For investigation of relay operation times, for two case of re-

setting and non-re-setting situation, faults are considered in 50% 

of lines and the results are showed in Table 3 and 4. The total 

time of these two states and the comparison between them are 

showed in Table 5. As seen, the total time decreased as 66%. If 

the comparison were done one by one decreasing the time will 

be clear. For example, for fault in line 23, R23 in first case 

operate in 1.415s but in second case operate in 0.050 s. 

 

Table 6. Relay settings for the state of occurring fault on 34 line 

without revision of direct relays. 
 

Relay TDS IP(A) 
Instantaneous 

pickup time 

R12 0.2959 350 6280 

R23 0.2200 350 5885 

R21 0.0200 30 82 

R32 0.0619 30 84 

 

Table 7. Relay settings for the state of occurring fault on 34 line 

with revision of direct relays. 
 

Relay TDS IP(A) 
Instantaneous 

pickup time 

R12 0.3000 350 6280 

R23 0.1300 350 5885 

R21 0.0200 30 82 

R32 0.0619 30 84 

 

Table 8. Relay operating time for Table 6 settings. 

 
Fault Tripping time of relays in connected mode (sec) 

location Main Backup1 Backup2 Backup3 

Line12 
R12 

0.050 

R21 

0.050 

R32 

0.208 
- 

Line23 
R23 

0.050 

R32 

0.050 

R12 

0.894 
- 

 

Table 9. Relay operating time for Table 7 settings. 

 
Fault Tripping time of relays in connected mode (sec) 

location Main Backup1 Backup2 Backup3 

Line12 
R12 

0.050 

R21 

0.050 

R32 

0.266 
- 

Line23 
R23 

0.05 
R32 

0.050 

R12 

0.212 
- 

 

Table 10. Comparison between Tables 8 and 9. 

 
Percentage 

Reduction 
Proposed scheme Conventional scheme 

47.77% 0.678s 1.298s 

 

Table 6 show the relay settings when fault occurred on line 34 

and revision in settings just for the short circuit level change 

considered. But in Table 7 this revision occur for all relays. 

Tables 8 and 9 shows the operation times for settings of Table 6 

and 7. In all case fault resistant considered 0.05 ohms. As seen 

in Table 10 after revision of the relays, which didn’t affect by 

the change of short circuit level, the operation time of relays 

may decrease. This investigation just done in left hand of fault. 

In this case, the total time decreased as approx. 47%. 

 

5. Conclusion 
 

In this paper, investigated the protection problems caused by 

presence of distributed generations in distribution systems, and 

the islanding situations and for solving these problems an 

adaptive protection scheme based on adaptive relays and local 

data proposed. This protection scheme added to a test system 

and discussed about results. The result showed that the fault 

clearing time decreased highly. Also proposed that all the relay 

settings update since it will have a better improvement. 
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