
 

 
Abstract— Current-transformer saturation may lead to the false 

trip of a protection relay. In this paper, dynamic analysis of a 

current transformer during electrical faults is investigated. The 

ratio of current transformer is 1200/5A. The secondary current 

and flux response have been computed for difference values of 

load. To validate the results, the proposed model has been 

compared to IEEE power system relaying committee (IPSR 

model). In this paper, the current transformer transient model 

caused by fault current in primary windings is presented. In this 

model the inducted voltage in secondary is calculated using basic 

electromagnetic analytical equations in transient and it is 

analyzed in discrete space using digital signal processing 

algorithms. Then the current transformers saturation and its 

impact on the power system protection analyzed. Analytical 

equations corresponding to current transformers saturation are 

also described. Prevalent digital signal processing algorithms are 

assessed and their advantages and disadvantages are introduced. 

The proposed algorithm is simulated using MATLAB program. 
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I. INTRODUCTION 

To accurate performance of the protection system, an 

accurate model for CT is needed. When fault current flows 

through the primary winding of the CT, the asymmetrical 

component causes a rise in the core flux. The increase in flux 

causes core saturation that lead to the secondary current 

distortion. Various models to the analysis of the transient 

behavior of CT were presented in the past which very 

complicate and very laborious [1-4].  

In this paper, dynamic analysis of a current transformer 

during electrical faults is investigated. To solve the equations 

in the proposed algorithm, the fourth-order Runge-kutta 

method is used. The obtained results show the accuracy of this 

numerical integration method. To prove the obtained results, 

the proposed algorithm has been compared to ATP-EMTP 

program and IPSR model [5-6]. The ratio of a current 

transformer is 1200/5A and the secondary current and flux 

response have been computed for difference values of load. In 

this paper, a very simple and effective model is presented. The 

main advantages of this proposed model are following: 1) not 

 
 

 

require information of B-H curve for magnetic branch, 2) 

hysteresis effect doesn't taken into account and results can be 

compare to the IEEE model with considering hysteresis effect, 

and 3) It includes proper computing speed and accuracy. In 

this paper, the current transformer transient model caused by 

fault current in primary windings is presented. In this model 

the inducted voltage in secondary is calculated using basic 

electromagnetic analytical equations in transient and it is 

analyzed in discrete space using digital signal processing 

algorithms. Then the current transformers saturation and its 

impact on the power system protection analyzed. Analytical 

equations corresponding to current transformers saturation are 

also described. Prevalent digital signal processing algorithms 

are assessed and their advantages and disadvantages are 

introduced. The proposed algorithm is simulated using 

MATLAB program. 

II. PROBLEM DESCRIPTION AND PROPOSED ALGORITHM  

When a fault in a power system happens, the fault current is 

defined by [5, 7]: 
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Where pU  is voltage of the system peak, 1R and 1L  are 

the primary resistive and inductive of power system,   is the 

angle of the initial phase at the instant fault, 

and
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steady state current. The equivalent circuit of the CT referred 

to the secondary side is shown in Fig. 1. In this circuit R2, L2 

and Rb and Lb represent the resistance and inductance of the 

secondary side and load, respectively. 
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Fig. 1: CT model referred to secondary side. 

 

The magnetization characteristic of the CT can be 

considered as a single-valued since the hysteresis 

characteristic does not considerably affect the CT transient 

behavior [8]. To present a new model which coincides to real 

situation, single-valued curve can be changed to 

magnetization curve shown in Fig. 2 and by using the Curve 

Fitting Toolbox, i  is defined as following: 
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Where  and i  are the flux linkage and the magnetizing 

current. 

 
Fig. 2: Magnetization characteristic of CT. 

 

To present a new model, the CT model shown in Fig. 1 is 

taken into account. First, we defined: 

bb LLLRRR  22 ,                                        (4) 

According to Fig. 1: 
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Where psi  represents the primary current referred to 

secondary side, si  represents the secondary current, pN  and 

sN represent the number of primary and secondary turns and 

se  represents the induced voltage in the secondary winding. 

From (2), (5) and (7): 
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According to (3) and (8): 
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Where p  represents the time constant of the power 

system.  can be calculated from (11) by using the forth-

order Runge-Kutta method with a 10µs time step. The 

secondary current has been calculated from (9) using the 

computed  . The flowchart of the program is shown in Fig. 

3. 

 
Fig. 3: Flowchart of the proposed algorithm. 

III. SIMULATION RESULTS 

In this paper, a typical 1200/5A CT with the parameter 

given in table 1 has been used. The characteristic of power 

system in the simulation is also given in table 1. 
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Table I  

Characteristics of the CT and power system 

1200/5 Ratio of CT  

1 NP 

240 NS 

1.8 BS (Tesla) 

240 Number of core turns 

0.7 LS (mH) 

3.472e-3 A (m2) 

0.027 Time constant (s) 

50 Frequency (Hz) 

12 Fault current amplitude (KA) 

 

IV. ANALYSIS OF THE SECONDARY CURRENT 

If the resistance component dominates in the impedance, 

the distortion of the secondary current of current transformer 

increases. In this paper, to study the secondary current, 

various simulations are presented. By using the proposed 

algorithm, the waveforms of the primary and secondary 

currents for various values of load impedance are shown in 

Figs. 4-7. 
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Fig. 4: the secondary current of current transformer with load impedance 

0+j.1 
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Fig. 5: the secondary current of current transformer with load impedance 

2+j.1 
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Fig. 6: the secondary current of current transformer with load impedance 

2+j.08 
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Fig. 7: the secondary current of current transformer with load impedance 

3+j.1 

 

According to these Figs, the obtained results showed the 

accuracy of the proposed algorithm. In this paper, the results 

of the proposed algorithm can be compared to IPSR model [5-

8], considering the effect of hysteresis that show the accuracy 

of the proposed model. So, the hysteresis characteristic does 

not significantly affect the behavior of the CT and can be 

ignored [8]. The waveforms of the secondary current for 

various values of load impedance at various cases are shown 

in Figs. 4-7 and the results can be compared to [8] which in 

[8] results have been compared to IPSR model. Results show 

if the resistance component dominates in the impedance, the 

distortion of the secondary current of CT increases. 

V. CONCLUSIONS 

In this paper, dynamic analysis of a current transformer 

during electrical faults was investigated. To prove the 

obtained results, the proposed model was compared to IPSR 

model. Obtained results showed if the resistance component 

dominated in the impedance, the distortion increased in the 

flux and the secondary current of CT. therefore, obtained 

results showed accuracy of the proposed model. To solve the 

equations in the proposed algorithm, the fourth-order Runge-

kutta method was used. The obtained results also showed the 

accuracy of this numerical integration method. 

REFERENCES 

[1] U. D. Annakkage, P. G. McLaren, E. Dirks, R. P. Jayasinghe, and A.D. 

Parker, A current transformer model based on the Jiles-Atherton theory 

International Journal of Advanced and Innovative Research (2278-7844) / # 272 / Volume 3 Issue 1

    © 2014 IJAIR. ALL RIGHTS RESERVED                                                                                 272



 

of ferromagnetic hysteresis, IEEE Trans. Power Del., vol. 15, no. 1, Jan. 

2000, pp. 57–61. 

[2] D. C. Jiles, J. B. Thoelke, and M. K. Devine, Numerical determination of 

hysteresis parameters for the modeling of magnetic properties using the 

theory of ferromagnetic hysteresis, IEEE Trans. Magn., vol. 28, no. 1, 

Jan. 1992, pp. 27–35. 

[3] S. Prigozy, PSPICE Computer modeling of hysteresis effects, IEEE 

Trans. Educ., vol. 36, no. 1, Sep. 1993, pp. 2–5. 

[4] E. D. M. Hernandez, C. S. Muranaka, and J. R. Cardoso, Identification of 

the Jiles-Atherton parameters using random and deterministic searches, 

Phys. B: Condensed Matter, vol. 275, no. 1–3, Jan. 2000, pp. 212–215. 

[5] IEEE Power System Relaying Committee, CT Saturation Theory and 

Calculator 2001, Working Group Rep. 

[6] H. W. Dommel, Electromagnetic Transients Program Reference Manual, 

Portland, OR: (EMTP Theory Book), BPA, 1986. 

[7] IEEE Power System Relaying Committee, Relaying Current Transformer 

Application Guide, Relay Work Group, June 1989. 

[8] A. Rezaei-Zare, R. Iravani, M. Sanaye-Pasand, H. Mohseni, and S. 

Farhangi, An Accurate Current Transformer Model Based on Preisach 

Theory for the Analysis of Electromagnetic Transients, IEEE 

Transactions on Power Delivery, vol. 23, no. 1, January 2008, pp-233-

242. 

 

International Journal of Advanced and Innovative Research (2278-7844) / # 273 / Volume 3 Issue 1

    © 2014 IJAIR. ALL RIGHTS RESERVED                                                                                 273


