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Abstract -  The power transformer is one of the most 

vital links in a power system. Because of its relatively 

simple in construction, it is highly reliable piece of 

equipment. This reliability, however, requires proper 

design methodologies, annual overhauling and different 

protection schemes for different possible issues. The 

primary aim of transformer protection is to avail the 

mechanism to detect faults inside the protective zone not 

only with sensitivity, but also with a high degree of 

immunity to such operating conditions for which tripping 

is not at all required. Internal faults are of major concern 

since there is always the risk of havoc. Primarily it’s the 

magnetizing inrush current which brings instability in 

power system. In this paper, the review is conducted on 

magnetizing inrush current which occurs in transformer 

 
Key Words:  Transformer, Magnetizing inrush Current, 

Protection schemes. 

1.INTRODUCTION  
 

As a primary element in today’s world power system, 

transformers are inherent part of Global transmission and 

distribution systems. A corrective maintenance work especially 

replacement of damaged transformer is costly. Winding and core 

of the transformer is subjected to heavy disturbances in its life 

time, for example: 

• Through Fault Current 

• Heating due to reactive power 

• Harmonic vibrations 

• From No load to full load heating and cooling vice versa. 

• Overheating due to lack of maintenance.  

This factors lead to detoriation of life of healthy transformer [1]. 

In general transformer need to install with certain protective 

system which depends upon the size of the transformer, load it is 

going to carry and load dependant protections incorporated in 

system [2]. The empirical method for protection of the 

transformer is Differential Protection.  As a thumb rule, 

differential protection holds good up to 5MVA size transformer. 

Beyond this, special protections are required. The different 

protections availed in transformer system depends upon 

following key factors:  
 
1. Size and rating of transformer 

2. Vector configuration 

3. Source and neutral earthing. 

4. Type of transformer (Two winding, three winding, Auto 

transformer, Reactive transformer etc.) 

5. In feed conditions (Radial, parallel, interconnecting). 

6. OLTC Range. 
 
The working principle of differential protection is shown in Fig. 

1, wherein the primary and secondary of the transformer is 

shared by a CT. Under normal working condition, the amount of 

primary and secondary current is zero. As soon as internal fault 

occurs in transformer, the differential current (Id) shoots up, and 

it enables the relay to isolate the protected power transformer 

[3].  
The protection is not issue to elaborate. The key issue is the false 

tripping of the relay due to mal-operation. It misidentifies the 

magnetizing inrush current. The amount of magnetizing inrush 

current surges in transformer may held up to 15-20 times and it 

separates them from the traditional internal fault currents. 

A good amount of research has been conducted on these and 

researchers have come up with some good approaches as well. 

Harmonic restraint, voltage and flux restraint, inductance based 

method and pattern recognition is most worked on area in this 

domain. The pattern recognition approach based on wavelet 

transform and artificial intelligence like neural network and 

fuzzy logic are developed so far. In this paper, review is 

conducted to address different approaches available to 

distinguish internal fault current and magnetizing inrush current. 

The characteristics of magnetizing inrush current is elaborated 

further Different protection schemes for discrimination between 

internal fault and magnetizing inrush have been introduced 

under Heading 3. The paper is concluded in Heading 4. 

 

2. Magnetizing Inrush Current 
A high speed unit type of protection such as differential/ 

restricted earth fault protection is applied as a primary protection 

against internal faults. 

1. Differential Protection: Based on Principle of Merz Price 

circulating current, differential protection is a complete earth 

and phase fault protection. Differential protection for detecting 

internal faults is an attractive option for transformer because 

both ends of transformers are physically located near each other 

[4]. 

Consider an ideal transformer with the CT connection as shown 

in Fig. 1 Let us consider that current rating of primary winding 

is 100 A and secondary winding is 1000A .Then if we use 100:5 

and 1000:5 CT on primary and secondary windings respectively, 

then under normal operating condition the scaled CT currents 

will match in magnitudes and no current will flow through the 
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branch having over-current relay. Now if an internal fault occurs 

within the device like inter turn short circuit etc., then the 

normal mmf balanced is upset i.e. N1I1 = N2I2 and differential 

current will flow through over-current relay. If the pickup setting 

of over-current relay is near to zero, it will immediately pick up 

and initiate the trip decision. 

 
Fig.1: Differential Protection Scheme for power transformer 

 

 

 

Magnetizing inrush currents broadly categorized into three parts:  

1. During energization: During initial energization, the inrush 

current is present after a last instance of de-energizing and it has 

the capability to introduce heavy current. 

2. During Recovery: The phenomenon of recovery inrush also 

exists in transformer and takes place during the return of voltage 

back to normal level from fault. During a solid three phase 

external fault, the voltage level fall down almost to zero level. 

Then, when the fault is attended, the voltage instantaneously 

rises to normal level. In this case, due to partial energized core, 

maximum value of inrush current will be less. 

3. Sympathetic inrush current: There is still possibility of 

existence of inrush current even when transformer is nearly 

energized [5], [6]. In the situation where one bank is in service 

and the second, parallel bank is switched into the service, their 

inrush current owing in the newly switched bank can find a 

parallel path in the previously energized bank. This is called 

as sympathetic inrush and this inrush will not be large as an 

initial inrush. 

Most severe among all is the magnetizing inrush current during 

energization due to switching. When a transformer is de-

energized the magnetizing voltage cuts off, the magnetizing 

current goes to zero wherein the flux follows the hysteresis loop 

of the core results in certain residual flux even after de-

energization. Later on when the transformer is re-energized by 

an AC voltage, the flux becomes sinusoidal but biased by the 

residual flux. The residual flux may be less and goes up to 80- 

90% of the rated flux, and therefore, it may shift the flux-current 

trajectories far above the knee-point of the characteristic 

resulting in both large peak values and heavy distortions of the 

magnetizing current.  

Now with the advent in advanced core types, the magnetizing 

inrush current during energization lower down and it is very 

difficult now-a-days to separate the internal faults from 

magnetizing inrush current. But the typical waveform of the 

magnetizing inrush current remain same. Only pick magnitude 

varies. Fig. 2 shows typical magnetizing inrush current for 50 

MVA transformer. 

 
Fig 2. Typical inrush current in 50MVA transformer 

 

3. Different Protection Approaches 
In the literature of protection schemes for power transformer, the 

important issue is differentiating between transformer 

magnetizing inrush condition and internal fault condition. 

Early methods for discrimination were based on deactivating or 

delaying the relay to compensate the transients [7].These 

methods are not up to the mark since the transformer may be 

exposed to fault for longer period. Another method was 

proposed on the ratio of second harmonic to fundamental which 

improves the security and dependability of transformer 

protection [8]. However, in some literatures, existence of a 

significant amount of second harmonic in some winding faults is 

reported [9]-[10]. With this, the new generations of power 

transformers use low-loss amorphous material for construction 

of core, which have lower second harmonic contents in inrush 

current [7]&[11], [12].For such cases, use of smaller ratio of 

second harmonic to fundamental is reported by some authors 

and have used some other ratio defined at higher frequency 

[13].While other researchers have proposed fuzzy logic based 

techniques[9], correlation analysis method[14] wave comparison 

and error estimation method[15] and principal component 

analysis[16] to discriminate magnetizing inrush current from 

internal faults. 

Power flow can also be used as basis to detect inrush current in 

transformer [17]. However, all the preceding approaches depend 

on a single basis and therefore to designate a proper threshold 

for differentiation is very difficult. Recently, wavelet transform 

have been applied for analyzing power system transients [18], 

power quality [19] and fault detection problems [20]. Wavelet 

transform can extract raw data transients both in frequency and 

time domain. Wavelet feature extraction based methods have 

been used by many of the earlier researchers to discriminate 
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between an internal fault and an inrush current [21]-

[30].Wavelet transform is used for feature extraction and 

Support Vector Machine (SVM) is used as a classifier for 

discrimination [31].Many of the earlier researchers have used 

Artificial Neural Network (ANN) or another type of ANN model 

like Probabilistic Neural Network(PNN) to discriminate between 

internal fault and inrush current [32]-[34]. In [35], 

discrimination is done based on Clark's transform and fuzzy 

systems. In [36][37], PSO trained ANN based differential 

protection scheme for power transformers is suggested. 

 

3.1 Harmonics Restrain Method 
It is most commonly used approaches for protecting power 

transformers. It is a classical way to protect transformer. Further 

modification were incorporated in this method. 

It is assumed that the magnetizing current have high amount of 

second harmonics. The easiest of harmonic restrain method 

compares the magnitude of the second harmonic in the 

differential current compared to the magnitude of the 

fundamental frequency component in the differential current. 

The extraction of the second harmonic components can be 

achieved using either of these methods like passive filters, 

Fourier transforms (FT), sine-cosine correlations, rectangular 

transforms, Haar functions, Walsh functions, Kalman filters, 

least-square algorithms [38]. 

In [9] and [10], sine and cosine Fourier coefficients are used to 

compute the fundamental, second and fifth harmonies. Operation 

decision can be based on the relative amplitude of the 

fundamental compared to the combined amplitude of second and 

fifth harmonics. 

While in [11] and [12] Fourier sine and cosine coefficients 

required for fundamental, second, third and fifth harmonies 

determination have been calculated using rectangular transfer 

technique. These harmonics have been used in harmonics 

restrain and blocking techniques used in differential protection 

system. 

An algorithm depends on the change of negative sequence 

power to cancel second harmonic restraint is proposed in [13]. 

The differential protection will operate even if be restrained 

when the percentage of ratio between the secondary and primary 

of any phase differential current is larger than the given value if 

the change of negative sequence power is larger than the setting 

value. 

In [14] the authors use second harmonic for blocking differential 

relay in power transformers. The ratio of the power spectrum 

(PS) of second harmonic to the PS of fundamental based on 

autoregressive processes used for inrush identification. 

Estimation algorithms were developed in [15], a combination of 

Walsh and Fourier series algorithm and Least Squares (LS) 

algorithm. This technique is an extension of the traditional 

second harmonic method, which uses the angular relationship 

between the first and second harmonics of the differential 

current. 

 

3.2 Voltage and Flux Restraints 
Voltage restraint is based on the fact that phase voltages 

decrease only in the case of an internal fault, not under inrush or 

external conditions. 

Therefore, the relay is restrained from tripping if the phase 

voltages are above a certain threshold [19]. The algorithm 

described in [20] uses voltages rather than current harmonics for 

the restraint function. The authors in [21] suggest the 

possibilities of using the transformer flux as a restraining 

quantity. If the flux could be estimated correctly, then it would 

provide a sound discriminate for external as well as magnetizing 

inrush conditions. Although the voltage at the transformer 

terminals shows severe distortions, the flux levels during these 

periods are high. Consequently, the uncertainties associated with 

the windows of voltage magnitude for restraining function no 

longer exist when the flux is used as a restraining quantity. 

Authors in [22] present method based on the ratio of voltage and 

fluxional differential current to overcome flux-restraint 

limitation. When the transformer has internal faults, the ratio is 

usually small even to zero in one cycle. While, in magnetizing 

inrush currents in the transformer, the ratio is very big in one 

part of one cycle and very small in the other part 

 

3.3 Inductance Based Method 

 
In the internal fault and normal operation states of power 

transformer, the iron core is not saturated and the magnetizing 

current is very little, which results in the approximate constant 

magnetizing inductance owing to the operation in the linear area 

of the magnetizing characteristic. However, the inrush current is 

a result of the transformer core saturation. 

Furthermore, the iron core will alternate between the saturation 

and non-saturation during the inrush current, which causes a 

drastic variation of the magnetizing inductance [23]. 

In [23], [24], and [25] authors use the equivalent instantaneous 

inductance (EII) to distinguish between internal fault and 

magnetizing inrush. 

 

3.4 Pattern Recognition 

 
As protective relaying shifted toward digital and microprocessor 

implementations, pattern recognition approach have been 

proposed for power transformer protection. Some techniques to 

increase reliability, speed and robustness of existing digital 

relays are reported in recent literature. Those techniques are 

based on artificial intelligence, wavelet transform and hybrid 

approach. These developments are discussed in the following 

section of this paper.  

 
Artificial Intelligence (AI) is a subfield of computer science that 

investigates how the though and action of human beings can be 

mimicked by machines. The most widely used and important 

ones of AI tools, applied in the field of differential power 

transformer protection are NN and FL. 

The application of ANN to discriminate the fault has given a lot 

of attention recently. Neural networks can be used to 

discriminate between magnetizing inrush and internal fault 

currents based on wave shape analysis of current signals. Neural 

networks are trained using feed forward back propagation 

algorithm. Many papers are presented in past, only few recent 

papers are discussed here. 
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Two approaches to detect inrush current by recognizing its wave 

shape, more precisely from the wave shape of internal fault 

current have been proposed in [29]. In the proposed algorithm, 

the Neural Network Principal Component Analysis (NNPCA) 

and Radial Basis Function Neural Network (RBFNN) are used 

as a classifier. The proposed algorithm is used to discriminate 

between internal faults from inrush and over-excitation 

condition. The algorithm also makes use of ratio of voltage-to-

frequency and amplitude of differential current for detection 

transformer operating condition. A comparison among the 

performance of the FFBPNN (Feed Forward Back Propagation 

Neural Network), NNPCA, RBFNN based classifiers and with 

the conventional harmonic restraint method based on DFT 

method is presented in distinguishing between magnetizing 

inrush and internal fault condition of power transformer. The 

results confirm that the RBFNN is faster, stable and more 

reliable. 

 In [30], authors proposed differential algorithm based on ANN 

to discriminate between inrush and internal fault current of 

power transformer. The ANN based method is designed and 

trained with experimental inrush and fault current data obtained 

from a laboratory prototype power transformer. Both off-line 

and on-line test results show that the algorithm is capable of 

distinguishing between the internal faults and magnetizing 

inrush currents. Also, the method neither depends on the 

transformer equivalent circuit model nor the harmonic contents 

of the differential currents. 

A fuzzy logic based differential protective algorithm for power 

transformers have been presented in [31] and [32]. Fuzzy logic 

is used for internal fault detection. The protection criteria, 

criteria signals and their fuzzy settings have been formulated. 

Algorithm of fault detection is based on ruled out non-internal 

fault phenomena. For internal fault detection are considered 

some criteria for inrush current, over excitation, saturation of 

current transformers and mismatch of current transformers and 

are defined appropriate membership functions and criteria 

signals.The criteria have been aggregated and combined with 

two supporting factors in order to generate more reliable tripping 

signal. 

In [33] fuzzy logic approaches are used, to enhance the fault 

detection sensitivity of traditional percentage differential current 

relaying algorithm. Input variables of the proposed fuzzy based 

relaying are flux differential current derivative curve, second 

harmonic restraint, and percentage differential characteristic 

curve. In [34] authors propose an extended magnetizing inrush 

restraining technique employing a fuzzy-logic based method. 

This technique uses the angular relationship between the first 

and second harmonics of the transformer currents as well as the 

magnitude relation of them. The fuzzy logic approach fits this 

problem because of the uncertainty involved in the phase and 

magnitude relationship between fundamental and second 

harmonics of differential currents. 

 

5. Conclusions 
Power transformers play an important role in modern power 

systems, and their protection is of great importance to assure 

stable, reliable and secure operation of the whole system. The 

nature of inrush current has been presented in this paper. 

Protection approaches used with transformer differential 

protection to eliminate mal-operation due to magnetizing inrush 

current during energization, magnetizing inrush current during 

fault removal and sympathetic inrush current have been 

presented. Among these techniques are harmonic restraints, 

voltage and flux restraints, the inductance based method and 

pattern recognition using artificial intelligence and wavelet 

transform.  As shown in this paper each approach has its 

advantages and disadvantages. The choice of the protection 

approach used is mainly depending on the rating of transformer, 

application and detection time. 
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