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Abstract— Current transformer (CT) is one of the 

important element of power system protection. It is 

the main source of information and measuring 

organs of the devices of protection. The accuracy in 

transforming the primary currents by high voltage 

and intervening CT determines the reliability of the 

entire power system protection. This paper describes 

the saturation study of current transformer during 

transient fault. A measurement type CT of 2000/5 

A, 25VA rating is used in this analysis and it is 

tested for normal and transient fault condition using 

MATLAB software. In simulation the secondary 

current waveforms are recorded for different values 

of fault current at the primary side. All the current 

waveforms are compared for analyzing the behavior 

of CT during transient fault. 
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I.INTRODUCTION 

Current transformers are most commonly 

used integral component of the power system. The 

needs of current transformers are wide over secure 

operation of electric power generation, transmission 

and distribution systems. All types of protection and 

control devices need current transformers to 

measure the current. It is well known that current 

and voltage profiles may carry several transient 

features about the nature of fault. Some of these 

features are very high frequency components. The 

Electro-Magnetic Current Transformers (EMCT) are 

not capable to transform these transients perfectly 

[1]. The current advancement in the field of 

electronics and IC manufacturing technology lead to 

development of relays with miniature size. The 

conventional electromechanical relays  use the 

signals on average basis but the present 

digital/numerical relays sample the signal many 

times in every cycle. So the potential susceptibility 

of protection and control devices are becoming very 

much dependent on the instantaneous current values. 

The EMCT have natural tendency of transient or 

permanent saturation due to ferroresonance [2]. The 

transient modeling of an EMCT includes the B-H 

curve into the mathematical model and it is 

expressed by function of magnetizing inductance 

versus magnetizing current [3].  

During short circuit conditions in power 

network the primary current of CT is several times 

higher than under normal operation [4]. This causes 

non-linear behavior of the current transformer. As it 

is known, the DC components in the fault current 

flowing into core of current transformer can cause 

core material to saturate and produce a distorted 

secondary current [5]. The CTs are designed to 

operate at normal conditions, meaning that they are 

designed to be operates over the linear part of the B-

H curve. Under normal (steady state) operation the 

difference between primary current i1 and secondary 

current i2 can be calculated by the turns-ratio of the 

CT and the magnetizing current can be neglected 

[6]. The transformation accuracy of measuring CT 

in steady state operation is very high, approximately 

0.5. The Transients are instantaneous change in 

state, leading to burst of magnitude in shorter time 

period [7]. They can be classified as impulsive and 
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oscillatory transients based on wave shape. Many 

events are being the reason for power system. (i) 

Intentional  Transient (Bus Bar/Capacitor Bank 

switching), (ii) Unintentional Transient (An 

accident) like ground faults,  short circuits, lightning 

stroke, break of conductors, and even erroneous 

operation of C.B & similar inadvertent processes 

[8]. Transients, especially the decaying DC 

waveform in primary current, cause the CT to go 

into saturation and produces distorted current 

waveform [9]. The methodology described in [4] is 

practical CT’s tested in EPRI and simulation used 

EMTP for three different models are compared with 

practical CT test cases. The comparison found the 

model works satisfactorily as expected in many 

cases. 

 

In this paper the simulation model of a 

2000/5 A ratio rated CT is simulated in MATLAB; 

and the model is validated for normal operation, and 

then subjected to transient fault. The transient 

performance of the CT is analyzed by giving short 

circuit current to the CT primary side. The 

simulation system is modeled for a 120KV constant 

voltage source supplying a RL load of 69.3MVA; a 

measuring CT of 25VA, 2000/5 A ratio rating used 

to measure the current. The saturation is analyzed by 

comparing the measurements: primary current, 

secondary current, flux-current curve. 

 

II. MATHEMATICAL MODEL OF CT 

 

The working principle of the current 

transformer is based on the principle of magnetic 

coupling. The mathematical model of a CT can be 

derived from the equivalent circuit diagram. The 

general equivalent circuit consists of primary 

winding resistance (Rp), primary winding leakage 

inductance (Xp), secondary winding connected to 

the burden (Zb). The primary current (Ip) flowing in 

the core induces alternating flux pi. This flux is of 

just sufficient to buildup potential in secondary 

winding (Es), which is due to the secondary current 

(Is).Current Transformer [10] has short-circuited 

secondary with burden. A modern CT can be 

represented with the simplified equivalent diagram 

according to fig. 1. The burden is considered to be 

entirely resistive. This is correct in most modern 

applications where the burden of the relay is very 

small and the secondary wires are the major part of 

the total burden. In ideal condition the primary is 

reproduced in secondary in exact ratio and phase 

relationship [11]. 

Primary Ampere Turn = Secondary Ampere Turn 

 (1) 

 
 

Fig. 1 Equivalent circuit diagram of current 

transformer 

 

Secondary circuit side impedance Zs can be given by 

 (2) 

And the secondary circuit power factor is given by 

 (3) 

The secondary voltage can be derived from the 

induced flux 

 Volts (4) 

 (5) 

If the core is saturated the flux practically 

cannot be increased and the secondary current will 

be practically zero. Equation (6) gives the 

differential equation for the magnetization of the 

magnetic core with cross section area and number of 

secondary turns in the CT. 

 (6) 

Integration of equation (6) gives the 

expression of the flux density, equation (7) and it 

can be seen that the flux density is proportional to 

the time integral of the secondary EMF (Es). 

 (7) 

According to the above equation the 

secondary EMF will be sinusoidal if we apply 
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sinusoidal current at the primary of CT and assume 

that it’s not reached saturation level. 

 

Solving the above equation we can get the following 

relationship between induced EMF and magnetic 

flux density. 

 (8) 

CT has a definite capability to produce a 

secondary EMF depending on the core material, the 

frequency, the core cross section area and the 

number of secondary turns. The only way of 

changing the saturation level for a CT, with a 

specific core material, is to change the core area or 

the number of secondary turns. Equation (5) shows 

that the secondary EMF is equal to the voltage over 

the secondary winding resistance and the connected 

burden. Increasing the current or the burden can 

raise the secondary EMF to a level that will saturate 

the CT. The peak value of maximum flux density 

Bm can be easily calculated from the well popular 

transformer voltage induced equation at knee point 

given bellow 

 (9) 

As per the pictorial representation in fig. 2 

the RMS value of the sinusoidal voltage at rated 

frequency applied to the secondary terminals of the 

transformer, all other terminals being open-

circuited, which, when increased by 10%, causes the 

RMS value of the exciting current to increase by 

50% [12]. 

 
Fig. 2 Secondary excitation curve representing knee-

point 

The voltage at the secondary terminal can be given 

as 

                       (10) 

Equation (6) can be rewritten as 

                                                 (11) 

Where  

                                       (12) 

The primary current contains two 

components. These are the secondary current which 

is transformed in the inverse ratio of the turns-ratio 

and an exciting current (Ie), which supplies the eddy 

current and hysteresis losses and magnetises the 

core. This latter current flows in the primary 

winding only and therefore, is the cause of the 

transformer errors. The amount of exciting current 

drawn by a current transformer depends upon the 

core material and the amount of flux which must be 

developed in the core to satisfy the burden 

requirements of the current transformer. The 

excitation current can be related with magnetic field 

intensity as follows 

                                           (13) 

Equation (13) can be written as 

                                                (14) 

Where  

L – Mean magnetic path = 2  

 

 
The excitation characteristic is differing for 

different ratio of current transformer. Fig. 3 shows 

the excitation characteristics of different ratio of 

CT’s. The core starts to saturate after the knee point. 

In the case when the core saturates, a 

disproportionate amount of primary current is 

required to magnetise the core and, regardless of the 

value of primary current, a secondary current will 

not be produced. In Matlab Simulink the hysteresis 

characteristics curve for the CT is modeled. 

International Journal of Pure and Applied Mathematics Special Issue

2171



 

 

 
Fig. 3 Secondary Excitation Characteristics 

III. SIMULATION 

The simulation is done for continuous type 

with 50Hz fundamental frequency and base voltage 

of 120KV, using ode23tb (stiff/TR-BDF2) solver 

with default step size and relative tolerance in 

MATLAB/Simulink. 

A measurement current transformer of 

2000/5A rating was modelled with the 25VA, 50HZ. 

The CT designed to have four connection terminals 

P1, P2, S1, and S2. The CT is modelled to saturate at 

1.6pu flux as shown in fig. 4. To evaluate the 

performance of the current transformer the primary 

and secondary currents are measured; and compared 

with scope. The flux distribution is monitored as B-

H curve by X-Y plotter. 

 

Fig. 4 Hysteresis model of CT 

The overall simulation is having two set of diagrams 

as shown in fig. 5 and fig. 6.  

 
Fig. 5 Simulation model of CT durimg normal 

operation 

Fig. 5 shows the primary terminal P1 is connected 

with constant voltage source via breaker1; P2 is 

connected to a load through breaker3. Here the 

measurements are primary current, secondary 

current, flux (pu), Magnetizing current and voltage 

across the breaker 2. Fig. 6 shows P1 is connected 

with short circuit current source via breaker 2. 

Another terminal of primary winding P2 is 

connected to ground. In both these models 

secondary terminals are shorted with rated burden 

value as per precautions. 

The simulation model can be validated by testing 

the model in to the system operation; and to analyze 

the transient behavior of the CT; short circuit 

current given to the CT primary side.  
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Fig. 6 Simulation diagramof CT for short time 

current test  

IV. RESULTS AND DISCUSSIONS 

Testing the current transformer is can be 

done for two cases (i) Normal operation (ii) 

Transient fault analysis 

a) Normal operation: 

Simulation model can be tested to validate 

its designed hysteresis, under normal operation. 

Hysteresis shown in fig. 4 is used in the simulation. 

As shown in fig. 5 the 120KV constant voltage 

source supplying RL load of 69.3MVA, 1KA rms. 

In this CT is connected in series between source and 

load to measure the load current. 

 
Fig. 7 Hysteresis curve during normal operation 

 
Fig. 8  Comparision of  primary and secondary 

currents for normal operation with 69.3MVA load 

In measurement side the primary current is 

divided by the turns-ratio; so that primary wave will 

coincide with secondary wave with same equivalent 

value. It will more useful to compare both the 

waveforms. Fig. 7 shows the hysteresis of CT core 

while measuring the current through the load; the 

load takes 1414A which is measured by secondary 

as 3.535A. So primary and secondary waves in fig. 

8  coincide together, the simulation of CT under 

normal condition is working well. 

b) Transient fault analysis: 

Transient can cause by many events. Short 

circuit is one of the events among them. During this 

test the CT is subjected to short circuit current at its 

primary terminal P1, and P2 is grounded as shown in 

fig. 6.  

 
Fig. 9 Hysteresis curve during transient test 

 

In simulation as shown in fig. 6 by making 

breaker2 ON we can supply the short circuit current 

to the CT primary. This test is performed for 

different multiples of rated current as short circuit 

current; and the response is analyzed by comparing 

primary and secondary current waveforms. The 

duration of this fault is 0.12sec i.e., from 3
rd

 cycle to 

9
th
 cycle. 

The CT is subjected to short circuit (SC) 

fault for the specified time period. For all the tests 
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the hysteresis is same as shown in fig. 9. Fig. 10 

shows that when two times of rated current (4000A) 

is supplied to the CT; it goes for small amount of 

distortion in secondary current only at the first 

cycle; this is because the saturation limit is fixed as 

1.6pu value. When the SC current is of three times 

entire cycles throughout the duration of fault is 

distorted; but the distortion reduces for consequent 

wave forms. This is because the CT core tries to 

build more flux in secondary. For SC current of 5 

times and 10 times shows that the entire secondary 

current distorted. Comparing the 5 times and 10 

times wave forms; it’s clearly shown that the 

secondary current magnitude decreases.  

This is because the high magnitude AC 

current in primary increases the magnitude of the 

flux. When it goes beyond the limit of flux, it makes 

the core to saturate. Under severe CT saturation the 

secondary currents is not behave in the same manner 

as the ratio (scaled primary) current. That is CT 

accuracy becomes poor, the secondary side output 

waveform becomes distorted; also the magnitude of 

secondary wave reduces as shown in fig. 9.  

 

 
                 Fig. 10 Current waveforms comparision 

for various SC currents 

 

 

               V. CONCLUSION 

The simulation model for 2000/5 A ratio 

rated CT is works properly as per the designed 

range. When subjecting the CT to short circuit 

current test; by supplying the SC current to the CT 

primary. The primary and secondary current 

waveforms are observed to analyze the transient 

fault behaviour. Test results clears that the CT core 

goes saturation during transients, but the saturation 

is based on the magnitude of the fault current. As 

the CT is modeled to saturate for 1.6 pu flux, the CT 

core goes partial saturation (only one or two cycles 

of secondary wave forms distorted) for fault current 

equivalent to two times of the rated primary current. 

Furthermore increase in SC fault current magnitude 

results in complete secondary current waveforms to 

distortion. Furthermore SC currents (5 times of rated 

primary current) the CT secondary current 
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waveform becomes heavily distorted due to large 

saturation. More increase in fault current value 

results the reduction in secondary current 

magnitude. It results to lose its proportionality and 

accuracy of transformation. This is due to core 

saturation for larger magnitude primary current. 
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