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Abstract— Transformers transform electric energy. There 

are varieties of transformer and used for many different 

purposes. They are nearly inbuilt into every 

electric/electronic device around us. Power transformers are 

essential components in power systems. The purpose of this 

method to identify inrush current and Fault current in power 

transformer or to avoid the needless by magnetizing inrush 

current. The performance of this method is demonstrated by 

simulation of different faults and switching conditions on a 

power transformer using MATLAB software. 
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I. INTRODUCTION 

As an essential element of electric power systems, the power 

transformer plays a key role in the safe operation of the 

system. Inadequate and inaccurate protection of this element 

can lead to a major fault. A damaged transformer needs time 

for repair or replacement. By accurate protection, the 

damage can be eliminated or minimized. A fault or 

unwanted outage in the power transformer leads to 

disconnection of supply to a large portion of the system; as a 

result, that the operation of transformer protection be 

dependable, secure and fast [1], [2]. 

Differential protection is established as the main 

protection for transformer for many years due to its simple 

principle of operation and sensitivity. However, a key 

problem of differential protection is accurate and rapid 

discrimination of magnetizing inrush current from a fault 

current. It is evident that relaying protection should be 

initiated in response to fault but not to inrush current. To 

avoid the needless trip by magnetizing inrush current, many 

different restrain methods are proposed in recent years. 

Protection of transformers becomes a critical issue 

related to power system. Thus it becomes very essential that 

the transformer is protected from various possible failures. 

Magnetizing inrush current of a transformer ranges between 

01 to 05 % of the rated current whose first peak may reach 

as high as the rated current itself. Magnetizing inrush 

current find its presence in the initial stage when the 

transformer is energized and may last up to few milliseconds 

before the steady state is reached. This inrush current can 

cause the transformer to malfunction and thus leading to 

faulty operation of a power system. This inrush current 

tends to have a high magnitude and is rich in harmonics 

which may seriously reduce the life expectancy of the 

transformer. As the power system is subjected to varying 

magnitudes of load it automatically is subjected to varying 

inrush current every time the transformer is energized. 

The magnitude of inrush current is usually 10 to 15 

times the rated current due to which this inrush results in 

high level of harmonics which damages the insulation. On 

account of the insulation failure the temperature increases. 

The harmonics are reactive in nature and they generate a 

voltage drop across the network which leads to instability in 

the power system. The transformer design and the station 

installation affect the magnitude of the inrush currents [3]. 

II. METHODOLOGY TO BE ADOPTED  

We have seen that the percentage differential scheme tends 

to maloperate due to magnetizing inrush. One way to 

combat this problem is to desensitize the relay for a brief 

period of time, just after switching on. However, this is not 

desirable, since the probability of insulation failure just after 

switching on is quite high, and a desensitized relay would be 

blind to faults taking place at that crucial time. 

A solution to this problem suggests itself, when we 

compare the waveforms of fault current with that of the 

inrush current. The inrush waveform is rich in harmonics 

whereas the internal fault current consists of only of the 

fundamental. 

Thus, we can develop additional restraint based on 

harmonic content of the inrush current. This additional 

restraint comes into picture only during the inrush condition 

and is ineffective during faults. 
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III. SIMULATION AND RESULT  

Second harmonic method is used to identify inrush and fault 

current for following cases: 

1) Inrush case 

2) Fault case 

3) Fault with inrush case 

 
Fig. 2: Simulation of Second Harmonic Method 

In this simulation is used following parameter [4] 

Rated capacity 30 kVA 

Rated voltage ratio 1732.05/380V 

Rated current ratio 10/45.58A 

Rated frequency 50Hz 

No load current 1.45% 

No load loss 1% 

Short circuit voltage 9.0 15.0% 

Short circuit loss 0.35% 

Load 0.9kW 

Table 1: 

For No load 

No load current 0.66A 

No load angle 46.32 

Magnetizing current 0.477A 

Core loss component of current 0.455A 

Magnetizing branch reactance 459.93Ω 

Resistance represent in core loss 482.17 Ω 

Magnetizing inductance 1.46H 

Magnetization resistance Rm (pu) 100.17 

Magnetization inductance Lm (pu) 95.55 

Table 2: 

For Short Circuit 

Equivalent resistance 0.35 Ω 

Equivalent impedance 12 Ω 

Equivalent leakage reactance 11.99 Ω 

Resistance winding 1(pu) 0.0018 

Resistance winding 2(pu) 0.0018 

Leakage inductance winding 1(pu) 0.059 

Leakage inductance winding 2(pu) 0.059 

Table 3: 

Load data 

Nominal phase-to-phase voltage 1000V 

Load 0.9KW 

Table 4: 

The conventional differential protection scheme 

that are based upon second harmonic restrain assume that 

only inrush current is reach in second harmonic component. 

The second order harmonic calculated by using FFT. The 

window for FFT analysis is taken to be 20 m second i.e. one 

cycle taking the fundamental frequency of power 

transmission as 50 Hz. 

A. Normal Operating Condition 

FFT plots shows that during normal case the percentage of 

second harmonic current is very less in comparison to 

fundamental and in this case there is no problem with the 

conventional relay. Those relays will remain dormant in this 

case as the ratio of inrush to fundamental is negligible and 

that matches with their algorithm. The relays can only issue 

a trip command to the circuit breaker if the ratio exceeds a 

predefined limit which is formed by taking the inrush 

current case as the base or reference. 

 
Fig. 3: FFT for Normal Operating Condition at Phase A 

PHASE 
Second 

harmonic % 

Third 

harmonic % 

Fifth 

harmonic % 

Phase A 0.49 0.46 0.41 

Phase_B 0.91 0.88 0.81 

Phase_C 0.47 0.44 0.40 

Table 1: FFT analysis for normal operating condition 

B. Inrush Case 

 
Fig. 4: Inrush Current at Switching angle 0˚ 
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Fig. 5: FFT for inrush condition at Phase A 

During the FFT analysis of inrush case transient currents for 

one cycle it is seen that the percentage of second harmonic 

content is different for the three phases. The percentage 

second harmonic content is of significant amount. The 

conventional relay will work in this case but the detection 

and algorithm will fail if the relay operating time will be 

taken less than a cycle and also if the transient phenomena 

lasts for less than a cycle. The conventional algorithm starts 

the FFT window from the starting of the event resulting less 

percentage of second harmonic content. 

PHASE 
Second harmonic 

% 

Third harmonic 

% 

Fifth harmonic 

% 

Phase_A 46.79 3.77 2.23 

Phase_B 80.15 53.59 6.16 

Phase_C 89.68 77.22 45.31 

Table 2: FFT analysis for Inrush Condition 

C. Fault Case 

 
Fig. 6: Fault at transformer terminal (A_B_C_G) at 

Switching angle 0˚ 

 
Fig. 7: FFT for Fault condition at Phase A 

PHASE 
Second harmonic 

% 

Third harmonic 

% 

Fifth harmonic 

% 

Phase_A 6.97 4.66 2.80 

Phase_B 3.50 2.34 1.41 

Phase_C 11.68 7.81 4.69 

Table 3: FFT Analysis for Fault Condition 

For FFT analysis for fault case, second order of harmonic 

component magnitude small compare to inrush case. 

D. Inrush with Fault Case 

 
Fig. 8: Fault at transformer terminal(A_B_G) with Inrush 

current at switching angle 0˚ 

PHASE 
Second 

harmonic % 

Third 

harmonic % 

Fifth 

harmonic % 

Phase_A 19.58 4.08 0.53 

Phase_B 20.29 0.54 4 

Phase_C 1.09 1.07 1.01 

Table 4: FFT analysis for inrush with Fault condition 

Table 5: gives the harmonic content of a typical inrush 

waveform. 

Frequency Magnitude 

Fundamental 100 

DC 40-60 

Second harmonic 30-70 

Third harmonic 10-30 

Fourth harmonic Less than 5% 

Fifth harmonic Less than 5% 

Sixth harmonic Less than 5% 

Seventh harmonic Less than 5% 

Table 5: Harmonic Content of in Rush Waveform 

IV. CONCLUSION  

In the FFT analysis of inrush and fault, we have observed 

that the second harmonic content of the inrush current is 

lying in the high range almost above 30%. The second 

harmonic content for fault in all the cases is lying below 

25%. So, we can easily differentiate the inrush and fault 

transients on the basis of FFT analysis. 
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