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Abstract: - The differential protection is a unit protection scheme. This paper described about performance of 

differential relay in transformer using PSCAD software. The differential protective scheme of transformer should operate 

only for the internal fault. So that this protection scheme should not operate for any external fault and the magnetizing 

inrush current due to energization of the transformer under no load condition. This Protective scheme is analyzed using 

Fast Fourier Transform (FFT) technique to provide the dual slope differential relay operating characteristics . 
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I. INTRODUCTION 

Differential protection is a unit-type protection for a specified zone or piece of equipment. It is based on the fact that it is 

only in the case of internal fault and when differential current (d ifference between input and output currents) will be high.  

However, the differential current can sometimes be substantial even without an internal fault. This is due to certain 

characteristics of current transformers (different saturation levels, nonlinearities) measuring the input and output currents , 

and of the power transformer being protected. Over-current protection, differential protection and gas accumulator are 

three types of protection that are normally applied to protect power transformers.  

II. BASICS OF DIFFERENTIAL PROTECTION 

The basic operating principle of d ifferential protection is to calculate the difference between the current entering and 

leaving the protected zone. There is a phenomenon that occurred during removal o f external through fault or due to 

energizat ion of the transformer under no load condition named magnetizing inrush current. The differential protection 

scheme should remain insensitive for such magnetizing inrush current. The differential relay should not operate for the 

external/through fault. The protective scheme should operate only for the internal fault and it must be insensitive for any 

fault outside the zone of protection.  

 

Figure 2.1: Differential relay current during normal situation, internal fault and external fault
 [5]

 

The protection operates when the differential current exceed the set bias threshold value. For external faults, the 

differential current should be zero, but error caused by the CT saturation and CT ration error leads to non -zero value. To 

prevent mal-operation the operating threshold is raised by increasing the relay setting. Mal-operation of the differential 

protection of power transformer may occur due to magnetizing inrush current, CT saturation and through fault inrush. 

Among all these three; magnetizing inrush results during excitation of Transformer under no load condition. It can also 

consider during the energization of parallel connected power transformer.  
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For this setting of four relay parameter is very important.  

IS1: The basic differential current setting 

K1: The lower percentage bias setting 

IS2: The bias current threshold setting 

K2: The h igher percentage bias setting 

The tripping criteria can be formulated as: 

Case 1 

      I bias< Is2 (1) 

      Id iff > K1 * I b ias + Is1 THEN TRIP 

Case 2 

     I b ias> = Is2 (2) 

     Idiff > K2 * I bias – (K2 – K1) * Is2 + Is1 THEN TRIP 

Fast Fourier Transform technique is used for preventing the mal-operation. The secondary current signals from the CTs 

are sampled at a regular interval. This is an online Fas t Fourier Transform (FFT), which can determine the harmonic 

magnitude and phase of the input signal as a function of time. The input signals first sampled before they are 

decomposed into harmonic constituents. FFT technique is use to block the 2nd and 5th harmonics of the differential 

current and to avoid mal-operation of differential relay due to inrush current. 

III. Problems of differential protection applied to power transformers  

 Two current transformers do not identical, even when they are from the same manufacturer and have the same ratio  

and type.  

 The saturation characteristics of two current transformers and their excitation currents are not identical.  

  Saturation of the current transformers affects the waveform and reduces the output of the transformer current. The 

difference of the outputs of the two current transformers is represented as  relay operating current. 

 Difference in the value of resistances of the pilot wires is affecting the symmetry of signals. Th is difficulty is 

solved by connecting adjustable resistors to pilot wires.  

 The incoming and outgoing sides of a transformer have different voltage levels and  currents. For this reason, the 

ratio of current transformers used on the two sides of a differential protection is different. This increases the 

mis match of the current transformers. This difference is corrected in numerical relay by scaling used in their  

software. 

 The power transformer connection produces a phase displacement in the primary and secondary side’s voltages and 

currents. 

 Tap changing alters the ratio of voltages and currents on the high voltage and low-voltage   sides. The variation in 

secondary currents due to tap changing does not produce relay operation so that enough bias should be provided.  

 

 

                                              IV Simulation Model and Result Analysis 

Simulations is done for internal fault and external fault condition.  

  A. Simulation Model for Star-Delta connection of transformer to Internal Fault  

 This model is used only for to test differential protection in 3 Phase Transformer.  

 Star – Delta connection of transformer is connected between to two sources and two breakers. Phase to ground 

internal fault is created in this system. 
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 Parameters: 

 Source: 100 MVA  

 Transformer 13.8/230 kV, 100MVA  

 CT Rat ing: 1/1000, 1/300 

 Fault: Phase – Ground (0.2 sec) 

 Fast Fourier Transformat ion  

 

Figure 4.2: Simulation model of transformer differential protective scheme for Internal fault (Phase - Ground) 

                       

Figure 4.3: Current Transformer and Differential Relay connections  
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Figure 4.4: Fast Fourier Transform Extractions block  

 

Figure 4.5: Primary and Secondary CT current for Internal Fault  

 

Figure 4.6: Relay Trip Signal and Breaker Signal 

B. Simulation Model for Star-Delta connection of transformer to External Fault  
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 For 3- phase transformer simulat ion designed below.  

 Star – Delta connection of transformer is connected between to two sources and two breakers. Phase to ground 

External fault is created in this system. 

Observed the result and proved that differential relay is not operate in external fault condition 

 

Figure 4.7: Simulation Model of External Fault for Star- Delta Transformer 

 

 

 

Figure 4.8: Primary and Secondary CT current for External Fault  
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Figure 4.9:  Relay Signal and Trip Signal for External Fault+ 

 

V. CONCLUS ION 

The PSCAD/EMTDC software can be successfully used to modelling the different fault schemes with transformers and 

differential relays protecting transformer from effects of faults such as internal and external faults. In this paper stated 

that the inrush current has a second harmonic component of the differential current which is much larger in the case of 

inrush than for a fault and the over excitation current has a larger fifth - harmonic component. Using FFT harmonics 

components are differentiate and differential protection scheme is used for fault discrimination.  
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