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 This paper describes the application of artificial neural network (ANN) 

techniques for protecting small power transformer 2 kVA (Terco type). 

ANN network trained according to the primary and secondary currents data 

under NN tool, this network performs as a function of differential protection 

relay. Symmetrical and unsymmetrical faults are analyzed using Matlab 

environment. ANN network senses the difference in the internal current of 

both transformer sides and sending a trip to the circuit breaker (CB) at 

moment of fault occurrence. All the voltages and the currents waveforms 

affected with the fault and the response time increased according to this 

technique. Finally, the trip signal and the quick disconnect time were 

improved according to ANN technique. 
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1. INTRODUCTION  

Transformer protection methods are focusing on differential protection and the attempts to improve 

the transformer protection, were basing on a comparison between no fault and interior fault [1]. Power 

transformer protection is critical for the power system operation. Among the many different operations of 

power transformer, another widely used method is the differential operation [2]. Security, sensitivity, 

dependability, selectivity, reliability, and speed were the primary requirements for power system protection. 

The protection system should be capable of detecting flaws in protection zones. A three-phase transformer's 

primary and secondary windings are protected from faults using the differential protection scheme [3]. This 

method is based on distinguishing between operation states and faults [4]. In many recognitions or pattern 

problems, artificial neural network (ANN) algorithms are implemented successfully as investigated by the 

researchers. ANN techniques are considered a healthy condition for recognition [5]. Fault analysis can assist 

in choosing and developing the best apparatus for protection. Circuit breaker (CB) and its specifications 

relies on triple line fault should be introspedted because of the large value of triple line fault current as 

comparison with another fault currents. The objective of this projeced is to study the balance and unbalance 

faults. By utilizing MATLAB simulation types [6]. 

 

 

2. CASE STUDY OBJECTIVE 

The study objective of this work is to detect all fault types with their classifiers and reduce the delay 

time based on ANN technique and transformer protection only during internal faults according to their zone. 

The reason for using ANN was to enhance the differential relay reliability without using the fourth harmonic 

https://creativecommons.org/licenses/by-sa/4.0/
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method. ANN algorithm type that used in this work was back propagation, also ANN technique made an 

adabtive process any fault classifier. 

 

 

3. LITERATURE REVIEW 

Varghese and George [7], presented in thier paper the improved clasifiction for differential 

protection in the power transformer. This fault classification was done by using ANN, they used back 

propagation neural networks but the results for fault classifications were incorrect due to the wrong selection 

of threshold value. They included that the trip signal must be preprocessed by using ANN before being sent 

to the CB. 

Miriyala et al. [8], used ANN for power transformer protection to detect the internal fault. They 

conclude that the ANN was successful in assorting the kind of event by given the extract features as an input. 

They conclude that the fault impedance and other parameters were different from those utilized the learning 

of ANN, therefore may be need to add a database of learning, record bad fouls ranked and re-train the neural 

network.  

Sahu and Vaidya [9], studied how could be improved the protection algorithm-based ANN. They 

concluded that the proposed ANN algorithem don't use the harmonic components as the basis of the relay 

decision and its simplicity, also ANN technicque to discrement between inrush current and internal fault. The 

ANN technique was able to recognize between current transformer (CT) saturation and other operation terms. 

Shah and Parmar [10], applied ANN in the power transformer protection, where its technique was 

tested by varying learning rate, hidden layer, momentum factor and the number of nodes in the hidden layer. 

They concluded that the ANN has to surpass the performance of convential ways and gave an indication to 

apply smant relay for protection the power transformer at very less operation time. 

Islam and Kabir [11], worked on power transformer protection, the proposed scheme was feed 

forward ANN has used as a fault classifier. They concluded that at various operating conditions for internal 

fault, the output results were near to the target value.  

 

 

4. THE PROPOSED METHOD 

The variance between the primary and secondary for CTs must be equal to zero, that means the 

transformer does not distinguish a fault. No lessees in the perfect power transformer, there for no operating 

current. ANN technique used to preprocess the trip signal in order to give true signal. Core losses and eddy 

current showed practically in the transformer [12]–[14].  

Figure 1 depicts the first phase of a three-phase differential protection system (DPS). A couple of 

CTs enclosed the protection equipment. Because of the CTs natural proclivity, differential relay protection 

will not provide back up protection in relation to the rest of the system equipment; as a result, this type of 

protection diagram is commonly use as a unit protection schedule. At no fault conditions, the current IP is 

similar to that get out from the protection equipment at each instant. When the CTs A respected to the aviator 

wire of CTs A is lambing a current to: 

 

IAS = αA Ip − IAe   (1) 

 

Also, for (CT) B, as shown in (2):  

 

IBS = αB Ip − IBe  (2) 

 

 

 
 

Figure 1. Differentials relay current at the time for out of zone 
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Considering equal ratio of CT A and B, αA= αB=α, the lop is: 

 

IAS = αA Ip − IAe (3) 

 

The relay operating current is extremely low when the relay is out of zone, but it does not equal 

zero. When an internal fault (inside zone) occurs, the input current differs from the output current, and the 

differential relay sends a trip to the CB, as illustrated in Figure 2 [14]-[16]. 

 

 

 
 

Figure 2. Equivalent circuit of differential relay for single phase 

 

 

In terms of operating relay characteristics, its bias used for power transformer protection. Figure 3 

illustrates relationship between the differential current and the restring current (operation relay 

characteristics) [17]. 

 

 

 
 

Figure 3. Differential relay characteristics 

 

 

When the ratio of the pickup is bigger than the bias setting therefor, this ratio value will fall in the 

tripping region (positive region), otherwise if this ratio is smaller than the bias setting then this ratio value 

located fall in the blocking region (negative reign) [18], [19]. When faults occur outside of zone, the effect of 

restraining coils on the operating coils in the types of relays produces conflicting torque, preventing the relay 

from operating. When fault occurs within the zone (internal fault), the operating torque will become higher 

than the bias torque, which in turn will operate the relay. The bias torque is adapted by conversion the turns 

number on the restraining coils [20], [21]. Figure 4 represents the flowchart of differential relay protection 

for single line power transformer. 
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Figure 4. Flowchart of ANN structure for power transformer protection 

 

 

5. MATERIALS AND METHOD 

Data for this work was taken from Sweden transformer company (Terco Company). A 2 KVA 

power transformer as shown in Figure 5 was depended in this work and its data are illustrated in Table 1. 
 
 

 
 

Figure 5. Terco-prototype 2 KVA power transformer 
 

 

Table 1. Specifications of power transformer Terco type (MV1915) 
Parameters Terco company 

Ratings  (2 kVA), 50-60 Hz, 230/2 x 66.5 V/phase 
Primary voltage of transformer 0-133-230 V ± 5 % per phase 

Secondary voltage of transformer Two 0.0665 kV windings per phase 

Secondary tapings 0-38.4-44-66.5 V (±5%) 

 

 

The protection method that is used for power transformer depends on the transformer ratings. 

Mechanical relays are widely used to protect the transformer. Biased current differential protection equips the 

optimum overall protection [20], [21]. MATLAB/Simulink environment is used to model the transformer 
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protection system. The following components are the fault simulation model are given as: i) three-phase source, 

ii) three-phase CB, iii) three-phase transformer, vi) three-phase V-I measurement, v) subsystem, vi) RLC series 

branch, vii) scope, viii) current measurement, and xi) three-phase fault. To design a relay protective scheme, a 

power transformer model is essential to produce the fault records that required adjusting the fault detection 

system [22], [23]. The implementation was done by using MATLAB/Simulink environment. 

 

 

6. RESEARCH METHOD 

In which a 3-phase, 2 KVA, 50 to 60 Hz, 230/2*66.5 V/phase transformer were used. The 

designated differential relay consists of two input signals Ip and Is, where, Ip and Is represent the output 

currents respectively. Both input signals would distribute into three parallel tracks in order to be analysed. 

The second three signals of the secondary current will subtract from the first three signals at the primary 

current and the results obtained will be compared with the reference current by using comparator block  

[24]-[27]. Figure 6 shows the simulated conventional relay system. 
 

 

 
 

Figure 6. Modelling circuit of differential relay protection 

 

 

7. ANN TECHNIQUES 

ANN techniques initialized with a variety of parameters, and the proposed relay-based ANN was 

trained with 'nntool.' The number of neurons inside the input layer was determined by the number of training 

samples, while the target number determined the number of output neurons. Finally, using the trial and error 

method, the number of hidden neurons inside the hidden layer was determined. In training, lower mean 

square error (MSE) values are preferred, and zero MSE indicates no error, Figure 7 represents the internal 

structure of the proposed ANN [10]. 
 
 

 
 

Figure 7. Artificial neural network 
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Back probagation of error has wide application for detecting the internal fault. ANN is typically 

organize in layer were designated of a number of correlated nodes with containing the activation function. 

Patterns were offered to the network via the input layer, which communicated to the one or many hidden 

layers. Actual processing was implemented via a system connection (weighted). After that, the hidden layers 

were attached to the output layer as shown in the Figure 8 [10]. 

 

 

 
 

Figure 8. Internal architecture of ANN 

 

 

8. RESULTS AND DISCUSSION 

8.1.  At no fault (normal operation) 

In this portion of the simulation, the system works normally, with no faults or other disruptions, the 

secondary voltage and current are at the designated operating values according to the transformer turn ration 

(1:2), the simulation results of the primary and secondary currents as shown in Figures 9 and 10.  

 

 

 
 

Figure 9. Primary current at no fault 

 

 

 
 

Figure 10. Secondary current at no fault 
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8.2.  Internal faults (inside zone) 

Figure 11 shows the differential relay output signal sent to CB when the fault occurred at time  

0.15 (sec). 

 

 

 
 

Figure 11. Differential relay signal 

 

 

8.2.1. Line-to-ground fault 

In this portion of the simulation, the line to ground fault will be applied inside the protected zone, 

the current signals of relay line-to-ground fault as illustrated in Figure 12. 

 

 

 
 

Figure 12. Current at line-to-ground fault 

 

 

8.2.2. Line-to-line-to-ground fault 

In this section of the simulation, the line-to-line-to-ground fault will be used inside the protected 

zone; the current signals of the relay line-to-line-to-ground fault are illustrated in Figure 13. 

 

 

 
 

Figure 13. Current at line-to-line-to-ground fault 
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8.2.3. Triple-to-ground fault 

In this section of the simulation, the triple-to-ground fault will be used inside the protected zone, 

with the current signals of the relay triple-to-ground fault illustrated in Figure 14. 

 

 

 
 

Figure 14. Current at three phase-to-ground fault 

 

 

8.2.4. Line-to-line fault 

The line-to-line fault will be used inside the protected zone in this section of the simulation, and the 

current signals of the relay line-to-line fault will be displayed as illustrated in Figure 15. 

 

 

 
 

Figure 15. Current at line-to- line fault 

 

 

When an internal fault occurred at 0.15 sec as dipected in Figure 11, the ANN controller was 

compaied between the primary current and the secondary current, if any diffrernce occure between them it 

sent a trip signal was delivered from the differential relay, causing the CB to trip. After the fault time has 

passed, the current will be zero as the CB opened. Figures can demonstrate this 12-15.  

 

 

9. CONCLUSION 

The differential relay characteristics represented by the ANN structure in the MATLAB 

environment. The performance properties of a differential relay were measured at an inflicted with three 

phase faults. In addition, the L-G fault, L-L fault, L-L-L fault, and L-L-L-G fault were investigated. The 

simulation results show that the proposed differential relay provides a good solution. The suggested relay was 

able to handle the situation and if no fault occurred, it was from the results, the transient response for all 

kinds occurred at the same impulse value and same time. When a fault occurs outside of the zone (external 

fault), the current waveform signals from the primary side are similar to those obtained from the secondary 

side due to no relay operation. The current values in two phases after the fault happened in L-L-G were equal 

(6.5 A), but these values were different in L-L case. ANN technique was enhancement the differential relay 

reliability without using fourth harmonic method.  
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