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Abstract -Transformer is a static piece of equipment used either for raising or lowering the voltage of a,c. supply with 

corresponding decrease or increase in current. It consist of two or more windings which are electrically separated but 

magnetically coupled to transfer voltage or current. For the continuous supply, reliable and efficient performance of 

power system it is needed to protect it from different kinds of fault. Mostly differential protection is used for power 

transformers because of its simple operation and sensitivity. One of the main reason for wrong operation of differential 

protection is the magnetizing inrush current. The inrush current occurs when transformer is initially switched on and 

the magnitude of this current is 8 to 10 times of rated current. This high magnitude inrush current causes false 

operation of protection system. Wavelet transform has ability to extract information from transient signal in both time 

and frequency domain. An analysis of extracted current signal is performed in order to determine whether the current 

is a fault or a magnetizing current.  

Keywords — Power transformer, Inrush current, Differential protection, Wavelet transform, Continuous wavelet transform, 

Discrete wavelet transform. 

I. INTRODUCTION 

The transformer is important apparatus of any power system 

such as transmission and distribution system.  A Proper 

maintenance and replacement of damaged part of 

transformer is very costly. Most likely part of transformer 

which is easily affected or damaged are windings and core 

of transformer. Transformers are usually protected by relays 

and surge arresters to guard against various types of 

abnormal operation conditions such as internal and external 

short circuits, over-loading and over-voltages. The faults 

occur in a transformer are divided into two types: internal 

and external faults [1]. External faults are occurred outside 

of the transformer. The faults, which occur inside the 

transformer are known as internal faults. Internal fault can 

cause damage to the transformer in very short duration of 

time.   

Primary method for protection of transformer is differential 

protection system. It is actually considered the main 

protection of the power transformer because of its simple 

operation and sensitivity. The main reason for mal-

operation of differential relay is inrush current. A possibility 

for false tripping may be caused by magnetizing inrush 

current during energization. Inrush current occurs due to the 

saturation of flux in the core. Differential relay operates 

when current exceeds the determined value, But the 

differential current can sometimes be significant even 

without an internal fault. [2], [3]. The most common 

problem dealt with here is how to discriminate inrush 

current from fault current. Firstly, Harmonic restraint 

technique is used which consist of second harmonic 

component [4]. It is generated in internal fault due to 

saturation of current transformer [5], [6]. But with the 

improvement in design of transformer second harmonic get 

reduced and it is difficult to use harmonic restrain technique 

[7]. To overcome above limitations, wavelet transform is 

required. Wavelet transform is used to detect the signals 

which are non-stationary. Wavelet transform technique is 

more effective and usefull than fourier transform because it 

can process signal in both time and frequency domain. 

 In this paper a review is conducted for inrush current 

discrimination in transformer using wavelet technique. The 

characteristics of magnetizing inrush current is elaborated 

under heading 2. The wavelet transform technique is given 

in heading 3. The Application of wavelet transform is given 

in heading 4. The paper is concluded in heading 5. 
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II. INRUSH CURRENT 

Inrush current is the maximum input current drawn by 

primary side of transformer when secondary side has no 

load or open circuited. It does not create any permanent 

fault but causes unwanted tripping of relay. When 

transformer is de-energizise, some magnetism is remain 

there. This magnetism develops residual flux which helps in 

developing of transient current known as inrush current. 

The magnitude of inrush current depends upon size of 

transformer and material used for manufacture of core [8]. 

The voltage induced is given as following equation (1) 

                            dt

d
v




                                    (1) 

Where, ɸ is the flux in core and v is voltage drop. 

From Equation (1), the voltage is directly proportional to 

rate of flux change. The fig (1) shows the generation of 

inrush current in a transformer.  

      

Fig 1: Generation of Inrush Current in a 

Transformer[9] 

As per Faraday‟s law of Electromagnetic Induction, voltage 

across the winding is- 

                           dt

d
e




                                  (2) 

Where, ɸ is the flux in the core of transformer. The value of 

the flux in the core at the end of the first cycle will be; 

                                

                                   

                                                                    

Where, ɸm is the steady state maximum value of flux. The 

transformer core is saturated above the steady state value of 

flux and the input current require to produce remaining flux 

is very high. As a result of this primary side of transformer 

draws very high input current at starting which in known as 

inrush current of transformer. 

There are three types of magnetizing inrush current 

depending upon the nature of occurrence. When transformer 

is energized from off state the current occurs known as 

inrush current due to energization. During any type of fault, 

the voltage level decrease almost become zero. After fault 

has cleared, the voltage increases and due to this inrush 

current occurs known as recover inrush current. When 

transformer is energized which is connected to already 

excited transformer in parallel, the sudden dropout in 

voltage causes occurrence of inrush current in excited 

transformer which is known as inrush current during 

operation. Most severe type of current among all above is 

inrush current during energization.  

When the transformer is de-energized, the voltage falls 

down to low value and the current goes to zero, the 

magnetizing flus remain in the core that follows hysteresis 

loop and result in residual flux even if transformer is de-

energized. When transformer is energised by input ac 

voltage, the flux remain get sinusoidal but it is also biased 

by the residual flux contain in the core. This residual flux is 

70-80% of rated flux and because of this heavy current start 

flowing which is known as inrush current or magnetizing 

current in transformer. 

III. WAVELET TRANSFORM 

Wavelet transform is used to process a signal which is not 

processed by fourier or other transform technique. A 

wavelet is a function which is used to divide given signal 

into different frequency components. Wavelet is nothing but 

a wave which has amplitude that begins at zero, increases 

and then again decreases back to zero. Wavelet can be used 

to extract information from different types of signal except 

audio signal and image processing signals. The signals 

which contain unwanted oscillations and harmonics can be 

treated by using wavelet transform technique.  

Wavelet transform is a technique which process signal and 

it is used in transmission and distribution system.  The main 

difference between wavelet transform and fourier transform 

is that the fourier transform uses fixed width function of the 

system [10]. Because of fixed width function, frequency and 

time resolution of the system transform will be fixed. Where 

as in wavelet transform, the function wavelet can adjust 

time width of the frequency signal in such a way that the 

higher frequency signal (wavelet) will be very narrow and 

the lower frequency signal (wavelet) will be wide.  

Wavelet transform is also suited for compression 

application because of its compaction property. It has 

ability of releasing amount of data that other techniques are 

not able to provide. Wavelet analysis can compress a signal 

without any humiliation of original signal. Wavelet 

transform consist of group of filters which is band pass 

filters consisting of various central frequencies. So it 

implicit that wavelet is used to obtain non-stationary signals 

both in time and frequency domain. 
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There are essentially two types of wavelet decomposition: 

redundant (Continue Wavelet Transform (CWT) or wavelet 

frames) and non-redundant (Discrete Wavelet Transform 

(DWT), or orthogonal, semi-orthogonal, or bi-orthogonal 

wavelet bases). The CWT is usually preferred for signal 

analyses, feature extraction, and detection tasks, the DWT is 

obviously more adequate whenever it is desirable to 

perform some kind of data reduction, or when the 

orthogonality is an important factor [11]. 

A. CONTINUOUS WAVELET TRANSFORM 

Continuous wavelet transform can transform or analyze the 

signal which has good time and frequency resolution. It is 

also used to divide a continuous-time function into the equal 

time intervals and equal-frequency intervals.  In this 

transform the analyzing signal is first multiplied by the 

wavelet function and then it is operated for time-domain 

signal [12].  

                  (3) 

Where, (t) is the signal,  is dilation factor and  is the 

translation factors. (t) is the "mother wavelet "[13]. The 

mother wavelet is chosen as a prototype for all windows in 

the process. All the windows used for the dilated, 

compressed and shifted are the versions of the mother 

wavelet. Continuous wavelet transform is a good tool for 

analysis the signal included the harmonics both the time-

domain and the frequency domain. The signal, that its 

frequency is changed with time, is detected easily when the 

time intervals are very short-duration. 

B. DISCRETE WAVELET TRANSFORM 

Discrete wavelet transform (DWT) is discretization of 

Continuous wavelet transform along with decomposition of 

signal. As a result the wavelet transform series is a sampled 

version of the CWT, and the information it provides is 

highly redundant. This redundancy, requires a significant 

amount of computation time and resources. The Discrete 

transform provides information for synthesis of the signal, 

but with decrease in time. The DWT is easier to implement 

when compared to the CWT [14]. The discrete wavelet 

transform is more suitable for computer applications, where 

the scale and translation factors are discrete instead of 

continuous as in continuous transform case.  

The DWT can be divided into two parts: The left half which 

is known as decomposition and consists of the forward 

transform. The right half also consists of forward transform 

and is known as the reconstruction portion. In the middle, 

there is a line which is used to separate the two halves and it 

is also used to add the complexity in the system. In Fig.4 the 

input signal is passed through the high pass filter „H ‟and 

coefficient cD1 is generated. This signal is again passed 

through a high pass reconstruction filter H‟ to produce the 

detail coefficient H1. The signal S is also passed through a 

low pass decomposition filter L to produce coefficient cA1, 

which is further passed through a low pass reconstruction 

filter L‟ to produce the approximation L1. The high pass 

filters are  H and H‟ and the low pass filters are  L and L‟ 

which is shown in below Fig.2  

 

Fig 2: Single level Discrete Wavelet Transfom 

C.  ALGORITHM OF DISCRETE TRANSFORM 

A flowchart of the algorithm is shown in Fig.3. In this 

algorithm, the first block (1) performs the differential 

current calculation and for prevention of false tripping due 

to current-transformer second block (2) is used. The second 

block system insures that the relay should be activated only 

when current is above the setting of differential protection. 

If any one of the output of second block is greater or Yes, 

then there is possibility of an internal fault or inrush current 

which needed to be discriminated. The next step of 

algorithm start from third block (3) whose basic function is 

discrimination of internal fault from inrush current. The 

third Block (3) implementation of wavelet transform to the 

differential currents. The system parameters A, B which are 

the two amplitudes of the first peak current following during 

the disturbance are stored in forth block (4). At the end the 

fifth block (5) is used to discriminate internal faults from 

inrush currents. If the disturbance is because of inrush 

current then A<B and if the disturbance is because of 

internal fault then A>B.. If any type of internal fault is 

detected by the system then relay get actuated and gives trip 

signal to circuit breaker for operation. But if there occurs an 

inrush current then there is no signal generated by relay and 

there is no any operation perform by the circuit breaker 

[15]. 

Above fig.3 shows algorithm for discrete wavelet transform. 

There are different blocks connected in this which performs 

their different functions. The current transformer transfers 

current to the block (1) where it is calculated and transfer to 

further blocks as discussed earlier. The main objective of 

this algorithm is that it can distinguish between inrush 

current and fault current. If there occurs inrush current then 

no operation is performed by the relay. In case of internal 

fault, the relay senses and gives tripping signal to circuit 

breaker.  
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Fig 3: Flowchart of proposed algorithm 

IV. APPLICATION 

There are wide range of applications for wavelet transform. 

Wavelet transform can be used for communication 

applications. They are used in different fields such as signal 

processing in power system and for biometric verification. 

Wavelet Transform has been very popular and commonly 

used tool for image analysis over the last decade and has 

become the part of JPEG2000 standard. Wavelet can be 

used in the field of nuclear engineering, sub-band coding, 

earthquake-prediction, radar etc. They are also used in de-

noising signals and identifying pure images. 

V. CONCLUSION 

In any power system transformer is most important 

apparatus. So their protection and maintenance is primary 

objective of system for stability purpose. Differential 

protection system is required for transformer protection. But 

sometimes this differential system operates falsely because 

of inrush current. In this review paper, the nature of inrush 

current and its types are given. For preventing false tripping 

of differential relay because of inrush current, wavelet 

packet transform technique is used to discriminate inrush 

current. In this paper the various types of wavelet transform 

is given as continuous wavelet and discrete wavelet 

transform. A proposed algorithm shows how we distinguish 

between inrush current and fault current for prevention of 

false tripping. 
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