
1 | P a g e  

 

International Journal of Innovative Research in Engineering 
Volume 4, Issue 2 (March-April 2023), PP: 01-04. 
www.theijire.com                                                    ISSN No: 2582-8746 
 

Generator Based Testing of Ability to withstand the Dynamic 
Effects of Short Circuit Test on Transformers 
 
 

 

 

Angadi Ashok Babu1, Arun Kumar Datta2, Arvind Kumar Pandey3, Vipul Sharma4, Sandeep Singh5 
1,2,3,4,5 Central Power Research Institute, Bhopal, India.  

 

How to cite this paper: 
Angadi Ashok Babu1, Arun Kumar Datta2, 
Arvind Kumar Pandey3, Vipul Sharma4, 
Sandeep Singh5

, 
“Generator Based Testing of 

Ability to withstand the Dynamic Effects of 
Short Circuit Test on Transformers”,  
IJIRE-V4I02-01-04. 

 
Copyright © 2023 by author(s) and 

5th Dimension Research Publication. 
This work is licensed under the Creative 
Commons Attribution International License  
(CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

 

Abstract: Transformer is one of the vital components of electrical power system. For reliable 

electrical power transfer, transformer has to withstand various electrical, mechanical, dielectric 

and thermal stresses in normal and abnormal conditions in its life time. All these stresses occur due 

to various electrical faults. In those short circuit is the most severe fault. This paper discusses the 

need for Short circuit testing and testing procedure on transformer using generator as a source and 

difficulties involved in it. 
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I.INTRODUCTION 

 Transformer is the important equipment in power system. Short circuit faults are most dangerous and common faults 

occurring in power system, which includes LLL short circuit, LL short circuit, LLG short circuit and LG short circuit. The 

numbers of such external symmetrical & asymmetrical faults on transmission lines are most significant. Whenever such faults 

occurs, the fault current generated from these external faults will flow through the Power transformer and results into dynamic 

forces (axial & radial forces) inside the power transformer, these forces generated during transient period is directly proportional 

to the square of instantaneous value of short circuit current. Hence power transformer together with all equipment and 

accessories must be designed and constructed to withstand without damage for the reliable operation of power system. 

To ensure the performance of power transformer in power system, “Ability to withstand the dynamic effects of short 

circuit test” also simply called as short circuit test is performed on Power Transformer. To perform this short circuit test, two 

types of sources are used in Testing Laboratories (fig.1): 

1. Generator based testing  

2. On-line based testing. 

 
Figure 1: Circuit diagram of short circuit testing. 

 

II.SHORT CIRCUIT TEST 

Transformers are recognized as three categories (As per IEC 60076-5) they are:  

Category I: 25 kVA to 2,500 kVA 

Category II: 2,501 kVA to 100,000 kVA 

Category III: above 100,000 kVA 

Short circuit test shall be regarded as a special test (as mentioned in IEC 60076-1). Large power transformers 

(Category III) sometimes cannot be tested according to the standard due to testing limitations. In those cases, the testing 

conditions shall be agreed between the purchaser and the manufacturer. 

The short circuit tests shall be carried out on a new transformer ready for service unless otherwise agreed between 

customer and manufacturer. Protection accessories, such as a gas and oil actuated relay and pressure relief device, have to be 

mounted on the transformer during the test. The mounting of accessories which are having no influence on behaviour during 

short circuit (for example, detachable cooling equipment) is not required. 
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For a three phase transformer, 3 shots (tests) on each phase shall be performed that means total 9 shots on 3 phases 

have to be tested. Transformer has to withstand all these 9 shots and after completing the all shots pre routine tests results and 

post routine tests results such as impedance, winding resistance, transformer turns ratio, SFRA (sweep frequency response 

analysis), tan delta, insulation resistance etc., must match with within the limits of tolerance mentioned in the standard or as per 

the manufacturer and customer agreement. There must not be any tank current flown through the tank circuit. 

Calculation of short circuit current which is used in testing the power transformer1 is as follows: 

 

Calculation for  ISC  on HV side of Power Transformer 

    

IHVSC =  
ULine

√3∗(ZS+ZT)
……………....………….. (1) 

 

ULine − Rated volatge of Power Transformer as per the Tap 

ZS − system impedance  

ZT − transformer impedance  

System impedance,  ZS = 
US

2

S
 

US −  System Voltage as per standard 

S − System Power as per standard or as per the short circuit apparent power of the system 

at the transformer location specified by purchaser 

 For category-I transformers, system impedance can be neglected for the calculation of short circuit current, if system impedance 

is equal to or less than 5% of the short circuit impedance of the transformer. 

Transformer impedance, ZT =  
Z% ∗ ULine

2

100 ∗  Sr

 

 

Z% − Rated Impedance percentage of the power transformer  
as per the tap at 750c or at AOT 

Sr −  Rated Power of the Power Transformer 

 

Short Circuit Power drawn by Transformer 

 = IPU ∗ Rated MVA 

 

IPU =
Iactual

Ibase
 = 

Isc

Irated
…………....................… (2) 

 

IPU −  per unit value of Short Circuit Current 
Isc −  Short Circuit Current 

Irated −  Rated current of the Power Transformer 

  The test has to be performed with current having maximum asymmetry as regards the phase under test. The amplitude 

of the first peak of the asymmetrical test current is calculated as 

i = I ∗ k ∗ √2……………………………… (3) 

I − symmetrical short circuit current IHVSC 

k − factor for the initial offset of the test current 

√2 −  peak to rms value of sinusoidal wave 

k ∗ √2 − peak factor 

This peak factor depends upon the DC offset 

III.DC OFFSET ON SINUSOIDAL CURRENT 

Normally sinusoidal wave runs symmetrically with positive and negative peaks which are equidistant from the 

reference axis. Whenever a fault is created (in testing) or occurred (naturally), this symmetrical current becomes asymmetrical 

in nature to the reference axis and jumps to positive or negative side i.e., positive and negative peaks are not equidistant from 

the reference axis depending upon the fault created time on voltage after zero crossing and lasts for few cycles. That shifted 

asymmetrical current looks like the DC offset current with ripples. This DC offset is maximum just after the zero crossing and 

minimum at the 900. 
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Fig.2- DC offset on the sinusoidal current. 

  This asymmetrical phenomenon or DC offset component on sinusoidal current (fig.2) occurs because of the current 

cannot change suddenly or instantaneously in an inductor and also current always lags voltage in the inductor.  

  This DC offset leads to jump in the peak value of the current, that peak is maximum in the first cycle and can be 

calculated as follows. 

Ipeak =  
V

Z
∗ (1 + e−(∅+

π

2
)∗(

R

X
) ∗  sin∅)………………. (4) 

∅ − phase angle which is equal to tan− (
X

R
) , in radians 

e − base of natural logarithm 
 

  The value of DC offset depends upon the  

1. Instantaneous time of voltage wave when fault created.  

2.  Amplitude of voltage. 

3. Impedance in the circuit. 

4. 
X

R
 (Power factor) of the power system involved in the circuit. 

 

IV.DIFFICULTY WHILE PERFORMING THE TEST 

While delivering short circuit current to the test object a sudden decrease in voltage is observed in the generator output 

terminals due to armature reaction. This causes dropping of current magnitude (fig.3). But throughout the testing duration it is 

mandatory to maintain the current constant.  

 
Fig.3- Peak to peak magnitude is not constant throughout the test duration. 

The method which is used to maintain the short circuit current constant during the complete shot (test duration) is 

called as super excitation. Generally two methods are mostly in use: 

1. Extra resistance in series to the generator field excitation is kept at the starting of the shot (test). After a few cycles of short 

circuit when generator current value starts dropping, this extra resistance is shorted which gives more field current thus boosting 

the field power subsequently increase in generator stator voltage and current. A few trial shots are taken prior to full shots to 

adjust the value of extra resistance and its timing to short it.  

2. Generator with state of art technologies involving modern power electronics2,3,4, computer and dedicated software. Here a 

feedback loop is used with a pre-set value of short circuit reference current in the comparator (fig.4); power electronics 

converter5 continuously monitors the pre-set value and fires the thyristors such that more DC excitation will be provided to the 

rotor field whenever the waveform starts shrinking. With super excitation the current amplitude will be maintained constant 

throughout the shot as shown in fig.5.  

 
Fig.4- Circuit diagram of super excitation with feedback loop. 
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Fig.5- Peak to peak magnitude is maintained constant with super excitation techniques. 

 

V.CONCLUSIONS 

Short circuit testing on power transformer is very much complex either in Generator based or On-line based testing 

laboratory. Maintaining the constant peak to peak magnitude of short circuit current is a challenge during the test. In a 

conventional generator based testing station it is done by removing the pre-added resistance in the field circuit. This is called 

super excitation. But in modern power electronics based plant the short circuit current is automatically maintained by a quick 

action feedback loop which is more accurate than the super excitation method where extra resistances are added in the rotor 

circuit. Short circuit test is essential for power transformers before placing them in the field for a trouble free power 

transmission.  
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