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Abstract: A few papers have been interested in the experimental investigation for the 

transformer protection; in this paper a real time laboratory investigation for power 

transformer protection is presented. A transformer of (5 KVA, 220/110 V) is used to 

represent a power transformer. The current transducers are used to transfer the primary and 

secondary current signals of the tested transformer to the data acquisition system connected 

to pc by sampling frequency of 10 kHz.  Lab- View package is used as software. The 

protection algorithm based on wavelet transform and pattern recognition (support vector 

machine) as described in [21]. The experimental results indicate that it are compatible with 

the simulated results and  the proposed technique is stable, reliable, and fast during the 

discrimination between internal and external faults, magnetizing inrush currents, and 

switching on internal faults, so, the proposed technique can be used in the real time 

applications. 
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1. INTRODUCTION 

Power transformer, as one of the most important apparatus in power system, it must be 

protected against the turn-to-turn faults. Although the various methods based on the 

terminal currents and/or voltages have been used for power transformer protection [1]. 

The differential protection has been the main protection on any power transformer. 

Unfortunately there are some challenges challenge the stability of the differential 

protection operation; such as unnecessary tripping occurs during switching with 

magnetizing inrush current in the primary windings of the transformer without loads at 

the secondary side, overexertion and the current transformer saturation during external 

faults. The solutions used to avoid these challenges can be divided to conventional and 

advanced techniques. The main conventional techniques based on using filters to 

analyze the differential current and extract the second harmonics and sometimes the 

fifth harmonics; these harmonics were used as the criteria to discriminate between 

magnetizing inrush currents and internal fault currents as they were found to have very 

high values in case of inrush currents and low values in case of fault currents [2], same 

solutions based on microprocessors and digital computers are used also [3-5]. There are 

huge numbers of researches based on advanced techniques are published to power 

transformer protection such as; Fuzzy logic in [6], where the proposed fuzzy logic-based 

relaying make use of flux-differential current derivative curve, harmonic restraints, and 

percentage differential characteristic curve for the purpose of overcoming limits of 

conventional relaying. Artificial Neural Networks (ANN) is used also in [7-8],   

However the accuracy of ANN depends on the number of the layers so the increasing of 

layer to make accurate relay has bad effect on the response time of it. Positive sequence 

admittance is applied in [9-10] without depending on harmonics but the used techniques 

have complicated calculations and hardware’s. the instantaneous calculation of 

inductance is used in [11], these two techniques are sensitive to transformer capacity 

and the core type. The correlation factor is used to distinguish between internal and 

inrush current and also used to avoid the problem of current transformer saturation 

during external faults [12].  An algorithm based on the fault-related incremental currents 

is proposed to detect a low-level transformer turn-to-turn fault is proposed in [13]. The 

Wavelet transform are used in many researches because of its ability to analyze the 

signal in both the frequency and time domains [14-19] .[20] used both the wavelet 

transform and support vector machine (SVM) to protect the transformer, a conventional 

differential scheme determines if the transformer is faulty or healthy, and SVM to 

determine whether it is an inrush or an internal fault current, this increases the response 

time of the relay as there are two stages involved. A modification is done to the this 

algorithm in [21] to increase its speed and accuracy, where, a quarter of the power cycle 

of the transformer differential current was used as an input to the wavelet filter and 

SVM directly without having passed on a differential scheme. Moreover, the algorithm 
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presented in [21] is able to discriminate between different types of transient conditions 

on the power transformer, such as, load switching, inrush currents, internal and external 

faults rather than just discriminating between internal faults and inrush currents.  

The experimental investigation for the transformer protection is presented in a few 

papers such as investigated in [11] and [22] by using Data Acquisition Card and 

Arduino respectively. 

This paper introduces an experimental investigation for the algorithm which its 

theoretical algorithm had been described in [21] was validated in the laboratory using a 

5 KVA, 380/110 V, star/star transformer in this paper.  The prototype model is tested 

under various loading, unloading (magnetizing inrush current) and faulty conditions in 

order to study its performance. The experimental results prepay assure simulated results 

based on the wavelet transform and SVM 
.  

2. USED TECHNIQUE 

     The principle of operation of the proposed technique is explained in part 1[21], a brief review 

is given here as;  

a. Firstly, measurement of the instantaneous values of the current signals at two terminals of 

the transformer to obtain the differential current. 

This current is used to extract the features that the technique uses it. 

b. Secondly, determine the features.  

The discrete wavelet transform has been used. the discrete wavelet transform that analyzes the signal in 

different frequency bands with different resolution by decomposing the signal in to a coarse 

approximation and detail information as shown in the figure(1) 

Where 

L (n): low pass filter 

H (n): high pass filter 

Each of The second detail, the third detail and the fourth detail have been divided to four section and the energy of 

each section has been measured by equation (1) 

e=∑ |s(i)|2f
i=1                                      (1)  

The feature that has been used can be represented: 
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Where f: number of samples in a specific section (s) 

ed
h: e is the energy, h determines the section number of the detail and d is the detail number  

𝑖𝑟𝑚𝑠: Root mean square of quarter cycle of current.  
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The vector X is the feature that has been used to differentiate between all the cases of the power 

transformer (normal, inrush current, external fault, internal fault). 
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c. Finally, Using of Support vector machine for discrimination. 

The support vector machine is used to draw a separate plane between two groups having different 

characteristics as shown in figure (2).  

The hyperplane could be defined as: 

∑ λj yiN
i=1  K (xi, xj)+W0=0           (3) 

 

Figure (1 ) : the signal in approximation and detail coefficient 

 

 

 

Figure (2): separate plane between two groups drawn by (SVM) 
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Where:  

λj : LaGrange multiplier determine as shown in part1 

1yi : The classification output takes one or zero 

K (xi, xj): The kernel function determine as shown in part 1 

W0 : Constant determine as shown in part 1  

 

3. EXPERIMENTAL SETUP 

Figure (3) shows the wiring diagram of the laboratory experimental setup, the components of the system are 

as follow,  

 Tested three phase transformer (core type 5 KVA, 380/190 V), its parameters are given in table (1). 

 The load (3 phase resistive load 3.6 kw), 

 The actual current transducers (6 CT 30/5 turns ratio – 40 VA) 

 Electronic Protection Circuit to protect the input channels of the data acquisition card (±10v), by 

using 20 V (peak to peak voltage) varistor. 

 Data Acquisition Card  with sample rate 10K Hz 

The interface card receives six current signals from the primary and secondary sides of the tested 

transformer through six current transducers .The current signals are fed to the Data Acquisition Card 

interfaced with pc core i7 processor. Figure (4) shows the photograph of the overall experimental setup. 

 

 
 Figure (3): The wiring diagram of the laboratory experimental setup of the transformer 
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4. SOFTWARE IMPLEMENTATION 

Lab-View package is used to implement the proposed technique by using the real measurement as inputs to 

the program instead of simulated signals, the Lab-View is a powerful and flexible instrumentation it used to 

take measurements, control processes, and analyzing the stored data. Lab View uses a graphical 

programming language as the G graphical programming [23]. Simulation of the proposed technique by 

using Lab-View can be summarized as: 

3 phase 
transformer

Three Ct in The 
secondary

Three CT in the 
primaryData Acquisition     

Card 

 

Figure (4): The photograph of the overall experimental setup. 

 

Table 1: The transformer parameters

 

 

 

 

 

 

 

 

 

a. Wavelet implementation 
Advanced signal processing toolkit in Lab VIEW has been used to extract the harmonic contents 

(wavelet details) as shown in the figure (5) 

Nominal power(base) and frequency. Vbase (v) 5 (kVA), 50(Hz) 220 V 

Winding 1 parameters  (V1phase rms (V),R1 (pu), L1 (pu) 220(V), 0.001(pu), 0.0000057(pu) 

Winding 2 parameters  ( V2phase rms (V),R2 (pu), L2 (pu)) 110(V), 0.001(pu), 0.0000057(pu) 

Magnetization resistance an reactance (Rm (pu),Lm (pu)) 0.3(pu), .02(pu) 
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b. Measuring the energy  
Measuring the energy of each detail after dividing the detail into four sections as shown in the 

figure (6). 

a. Kernel function 
Obtain the kernel function as an input to the support vector machine as shown in figure (7). 

Asdescribed in [21] , the RBF Kernel function was chosen for this work. 

5. EXPERIMENTAL RESULTS 

As shown in figure (3) according to the lab possibilities the feeding of the transformer is done 

from one end only. Huge number of operation conditions under normal and fault cases are tested in 

real time to. The faults have been made through fault resistance 0-8 ohm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): wavelet transforms and detail co-efficient 
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a. The Relay Performance during External Fault 

As shown in figure (2). The external fault is done in the lab by closing switch (F1) during normal operation. 

The primary and secondary current signals are shown in Figure (8) in case of SLG external fault at F1, through 

fault resistance of 4 Ω. As shown in the figure the primary and secondary current are increased in the instant of 

closing switch (F1). When these signals input to the PC by using data Acquisition system the output of the 

proposed technique which it simulated by Lab VIEW is zero. This indicates that the relay is able to discriminate 

such fault successfully as external fault. 

Kernel function
SUPPORT VECTOR 

MACHINE 

TRAINING

The feature
hyperplane

Figure (6): The energy calculation steps 

Figure (7): KERNEL function as an input to support vector machine 
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Figure (8): The relay response in case of SLG external fault 

a. The Relay Performance during Internal Fault at the secondary bushings 

The SLG internal fault through resistance with 8 Ω at the secondary bushings of the tested transformer is 

represented by closing switch (F2) between phase A and earth as shown in figure (2). The front panel of Lab-

View is shown in figure (9); the differential current between primary and secondary sides is shown in the figure 

with high value by testing and training the data by the proposed algorithm the trip signal is activated at the 

instant of fault. This indicates that the relay is able to discriminate such fault successfully as internal fault. 

b. The Relay Performance during turn to turn fault at 40% of the secondary side 

    The switch (F3) shown in figure (2) is used to represent the turn to turn fault at the secondary windings of the 

tested transformer at 40 % of the windings. Figure (10) shows the front panel of Lab-View indicating that the 

testing and training data and the differential current for turn to turn fault by closing F3 with resistance of 5 Ω. 

The trip signal is activated at the instant of fault. This indicates that the relay is able to discriminate such fault 

successfully as internal fault.  

c. The Relay Performance during Inrush Current 

The relay performance during switching cases and the inrush current are the main challenge for any 

transformer protection. The three phase supply switch is used for switching-on the transformer randomly many 

times to represent in the lab, while the secondary circuit and the fault switches are left opened.  Figure (11 (a, 

b)) shows the front panel of the Lab-View indicating that the testing and training data for two different cases of 

switching on process and also shows the differential current. The trip signal is deactivated while this is healthy 

case. 



A. S. Abd-Elatif / Engineering Research Journal 165(March 2020) E1-E13 

E 10 
 

 

Figure (9): The relay response in case of SLG internal fault at the secondary bushings 

 

Figure (10): The relay response in case of SLG   internal turn to turn fault  
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Figure (11):The relay response in case of inrush current 

a) inrush current (Case 1)        b) inrush current Case 2 

(a) 

(b) 
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6. CONCLUSIONS 

The above study concluded that the reliable and secure performance of the proposed algorithm presented in 

the theoretical part and shown that it can be widely used in the actual advanced numerical relays. The prototype 

model is investigated and tested under various loading, inrush current and faulty conditions for 

internally and externally faults to study performance of the proposed algorithm in case of practical 

implementation. The experimental results indicate that they are compatible with the simulated results, the 

proposed technique based on the wavelet transform and SVM is stable, reliable, and fast during the 

discrimination between internal and external faults, magnetizing inrush currents, and switching on 

internal faults, so, the proposed technique can be used in the real time applications. 
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