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SUMMARY 
 
Operation of the protective relays depend on the secondary current of the current transformers (CT).  

Usually, the CT core is saturated during high through fault currents; this causes dreadful effects in the 

operation of protective relays. If CT enters into the saturation area the secondary current doesn’t 

follow the primary current appropriately and may cause the mal-operation or operating time delay of 

the protective relays. Therefore, it is vital to identify the CT saturation effectively and compensate the 

disturbed current or block the relay when CT enters into the saturation area. This paper proposes an 

accurate solution towards detection of CT saturation problems. The proposed method describes an 

algorithm in which CT saturation is detected by the decomposition of even and odd set-samples of the 

disturbed current. The proposed method detects the CT saturation in one quarter of a power system 

cycle. High speed and accuracy under different saturation conditions are the main advantages of the 

proposed method. Various case studies were conducted using EMTP/ATP.  The results are very 

encouraging and show that this method is able to identify all cases of CT saturation accurately. 
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Introduction 

 
Current transformers play a key role in protection of power systems, which usually suffer from 

magnetic core saturation due to the large AC current amplitude and the existing decaying DC 

component in the fault current [1]. Core saturation is the main disadvantage of the CTs, and causes 

distortion of secondary currents appearing at the protective relays inputs. This leads to inaccurate 

phasor measurement and miss-operation of protective relays [2]. Therefore, CT saturation must be 

detected and resolved as quickly as possible to prevent miss-operation of the protective relays. 

 

Many algorithms have been proposed for detecting the CT saturation. These methods are mostly based 

on waveform analysis, current signal harmonics, current reconstruction using unsaturated samples, CT 

model based reconstructions, artificial neural networks, and wavelet transform. An algorithm based on 

the CT model was proposed in [3]. This method detects and compensates the secondary current using 

the magnetizing and CT curves. A nonlinear core characteristics based on the CT parameters is 

required in this method. The proposed method in [4] is based on acquisition of the instantaneous 

current and its adjustment with magnetizing current. This method requires complicated calculations to 

identify the core and CT parameters. To reconstruct the secondary current reference [5] uses an 

artificial neural network (ANN) to learn and model the CT magnetization characteristics, and 

restructure the waveform based on the learned characteristics. Since, the actual CT saturation 

characteristics vary for different CTs, these methods are not applicable in power system protection. 

 

Using the unsaturated portions of the secondary current is another approach used to detect and 

reconstruct the secondary current. A method based on variable-length samples window was proposed 

in [6]. This method identifies the saturation portion using second order derivative, mean and median 

filters, and ANN. Then, the method compensates the distorted current using the samples from the 

unsaturated portions. The method in [7] uses wavelet transform and a threshold criterion to identify 

unsaturated portion, and then applies a linear regression on the unsaturated portion to recover the 

distorted portion. This method requires a sufficient length of unsaturated portion. The length of 

unsaturated portion in severe saturations is short which does not allow the algorithm to accurately 

detect and reconstruct the secondary current. 

 

The third derivative of secondary current is used to detect the CT saturation in [8]. This method 

compares the third difference criterion with a threshold specified by the expected maximum fault 

current. However, the specified threshold depends on the sampling frequency rate. For high sampling 

frequency rates, the threshold will be very low and the saturation detection algorithm may fail. A 

second derivative based approach to detect and compensate the distorted current by saturation is 

proposed in [9]. This algorithm uses a second difference function to detect the CT saturation. Using 

the second difference function and magnetizing curve, it calculates the flux to estimate the 

magnetizing current. The magnetizing current is added to the secondary saturated current to extract the 

primary current. Dependency on CT parameters and mathematical reductions are the main drawbacks 

to this method. 

 

Several other approaches were proposed to detect CT saturation based on wavelet transform [10] and 

ANN [11]. In addition to the above methods, some specific measures are based on harmonic contents. 

Restraining criteria such as residual current in differential relay, mathematical morphology [12], 

phasor measurement based computations [13], and symmetrical components [14] have been proposed 

to resolve the CT saturation issue. Delayed operation and reduced sensitivity are some drawbacks to 

these algorithms. 

 

Considering the shortcomings of the existing methods, an efficient algorithm for CT saturation 

detection is proposed in this paper. This method uses the even and odd set samples of the current 

signal and is based on the sinusoidal wave shape features. The saturated portions are detected using 

the proposed saturation detection method based on the differentiate of the even and odd set samples. 

Unlike most of the existing CT saturation detection algorithms, the proposed method exhibits high 

sensitivity in detecting deep and slight saturation. 
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Proposed Algorithm for CT Saturation Detection 

 
Subtraction of the even set samples and odd set samples (SEO) of the fault current is used for CT 

saturation detection. This part shows that the saturation portions in the SEO wave-shape are much 

severe than the original fault current signal. The saturation portion in the SEO begins with the high 

value samples and quickly decreases to zero. In a whole saturation period the sample values remain at 

a very low value, almost zero. Therefore, the CT saturation detection through the SEO signal is much 

more effective than the original fault current signal. 

 

The faults in power systems mostly involve a DC component superimposed on the fundamental 

component in one or more of the three-phase currents. In the first step, it is assumed that the fault 

current is a purely sinusoidal signal. Based on this assumption, the SEO signal, which is subsequently 

used to decaying DC removal, inspects the saturation wave-shape properties and saturation detection is 

introduced. Then, a new algorithm based on the SEO signal is proposed to remove the decaying DC 

offset. In the next step, the properties of the saturated SEO wave-shape are addressed and used in the 

proposed CT saturation detection algorithm. 

 

 

Purely Sinusoidal Fault Current 
 

In order to obtain the SEO signal a purely sinusoidal fault current described by: 

 

���� = �� cos�2�
� + ���																																					�1� 
 

where ��	is the amplitude, �� is the phase angle, and 
	is the frequency of fault current. The discrete 

form of ���� can be written in terms of even and odd samples: 

 

���� = ����� + ����� 
 

����� = �� cos �2�� �2�� + ��� 

 

����� = �� cos �2�� �2� + 1� + ���																																		�2� 
 

where N is the number of samples per cycle. Expanding ����� and subtracting the even set samples 

from the odd set samples yields: 

 

������ = 2�� sin ���� cos �
2�
� �2�� + �� − �

� + �
2�																								�3� 

 

From 2 and 3, ����� can be rewritten in terms of ����� and ������ as: 

 

����� = cos �2�� � ����� + cos �2�� � ������																															�2� 
 

Using 1-4, the amplitude of the fault current signal i(n), is obtained from the amplitude of the SEO 

signal ������, as: 

 
������
2sin	����

= �� cos �2�� �2�� + �� − �
�� 
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���� = ������
2sin	����

																																																											�5� 
Where ���� and ������ are the estimated amplitudes of the fault current and SEO signals using the 

DFT method, respectively. Equations 5 show that the amplitude estimation of the fault current is 

procurable from the SEO signal amplitude. 

 

Proposed Decaying DC Removal Algorithm 
 

The fault current consists of fundamental component, decaying DC component, and harmonics. 

Fundamental and harmonic components can be represented as sinusoidal functions, and the decaying 

DC component can be represented as a decaying exponential function [15, 16, and 17]. So, the discrete 

fault current can be mathematically expressed as follows: 

 

���� = � !��∆�� + �#!��∆�� 
 

� !��� = $�% cos�2�
%�∆� + �%�
&

%'�
 

 

�#!��� = �#!()
*∆+
, 																																																											�6� 

 

where 
%, �%and �% represent the frequency, amplitude, and phase angle of the hth order harmonic, 

and �#!and . are magnitude and time constant of the exponential component, respectively. H is the 

maximum harmonic order in the fault current. The frequency components with order more than H are 

eliminated by an anti-aliasing low-pass filter. The sampling frequency is 
/ = 10123	and ∆4 = 1/
/. 
The even and odd set samples of the fault current in 6 are: 

 

����� = �� cos �2�� �2�� + ��� + ��()
∆+
, �6*� 

 

����� = �� cos �2�� �2� + 1� + ��� + ��()
∆+
, �6*7��																												�7� 

 
After expanding the odd set samples in 7 and after simplifications, the following expressions are 

obtained: 

 

������ = −2�� sin ���� sin �
2�
� �2�� − �

�� + ���1 − ()∆9, �()∆9, �6*� 
 

����� = �� ��()
∆9
, − �1− ()∆9, � cos ���� − cos �2�� �� ∙ 	()∆9, �6*� + cos ���� �

�����
+ cos �2�� � �����																																																																																			�8� 

 

where ������ = ����� − ����� From 8: 

 

����� − cos ���� �
����� − cos �2�� � �����

= �� �1 + cos ����� (
)∆9, − �cos ���� + cos �2�� �� ()∆9, �6*�															�9� 

 

Considering =��� = ����� − cos �>?� ������ − cos �6>? � ����� and rewriting it in terms of ����� and 

����� and yields: 
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=��� = �1 + cos ����� �
���� − �cos ���� + cos �2 ���� �

���� 
 

=�� + 1�
=��� = ()6∆9, 																																							�10� 

 

From 9 and 10, the decaying DC offset parameters are obtained as: 

 

																																. = −2∆4
@� A=�� + 1�

=��� B
 

 

�� = A�1 + cos ����� (
)∆9, − �cos ���� + cos �2�� ��()∆9, �6*�B

)�
=��� 

 

																																							�#!��� = ��()
∆9
, * 

 

�#!����� = �� �1 − ()∆9, � ()∆9, �6*�																																									�11� 
 

 
Where �#!��� and �#!����� are the decaying DC components of the fault current and SEO signals. 

Therefore, the accurate fundamental frequency components of the fault current and SEO signal are 

obtained as: 

 
																																																� !��� = ���� − �#!��� 
 

� !����� = ������ − �#!�����																																					�12� 
 

 

In developing the proposed method, no any specific assumptions or approximations were made. The 

method can extract the fundamental frequency by using only four samples. The fast response is 

specifically vital for high speed protective relays. The effectiveness of the proposed method in 

different conditions such as noise and harmonics is investigated in the performance evaluation. 

 

To observe the estimated decaying DC offset and fundamental component by the proposed method, 

the fault current test is described by: 

 

���� = � !��� + �#!��� = 1.5()*∆9D.D6 + cos �2�� ��																	�13� 
 

Both the actual and the estimated decaying DC offset are shown in figure 1. It can be seen that the 

proposed algorithm accurately estimates the decaying DC offset. The percentage error for the 

estimated decaying DC component is defined as: 

 

E��� = �#!��� − �#!�/+���
�#!��� × 100%																																						�14� 

 

Where �#!�/+��� and �#!��� are the estimated and actual values of the decaying DC component. figure 2 

shows the error, E���, for the fault current signal test in (13). As shown in this figure, the error is 

almost uniform with a value of 7.55%. 
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Figure 1: Extraction of the ac and dc components in the test signal 

 

 

 
Figure 2: Error estimation of the decaying dc component 

 

 

CT Saturation Detection 

 
A distorted CT secondary current signal due to saturation contains two saturated and unsaturated 

distinguished portions within each cycle. As it is shown in figure 3, the current waveform is not 

saturated for at least 1/6 cycle (4I�) before the first saturated portion (4J�), and about 1/4 cycle 

between any two successive saturated portions (4I6) [18]. As seen in figure 3, the saturated portion of 

the fault current signal 4J, begins with a high slope at the end of any 4IKand then its slope decrease to 

a low value during the saturation period. The proposed SEO signal for the same saturated fault current 

is shown in figure 4. It is obvious from this figure that the SEO signal slope at both the beginning and 

end of any saturated period 4J, is high. Moreover, the signal value at the beginning of any 4J 	is much 

higher than the rest of the saturated period. Considering (11) and a comparison of figures 3 and 4 show 

that the saturated fault current includes 100% of the decaying DC initial amplitude ��. However, this 

value in the SEO signal is ���1 − ()∆LM � which is much lower than the decaying DC component in the 

fault current signal: 

 
�#!�/+���
�#!��� = 1 − ()∆9, 																																				�15� 

 

The existing decaying DC component in the SEO signal is very low. This component is completely 

removed using (12). 
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Figure 3: Distorted fault current due to CT saturation 

 

 

 
Figure 4: Distorted SEO signal due to CT saturation 

 

 

Results of Simulation 

 
To evaluate the proposed algorithm a portion of a 230 kV, 50Hz power system, shown in figure 5, is 

modeled appropriately using the ATP/EMTP. It includes components such as voltage source, 

transmission line, circuit breaker, and saturable CTs. The transmission line is 100 km and is simulated 

using the JMarti model [19]. The positive and zero sequence impedances of the voltage source and 

transmission line are N7J = 0.34 + 5.44O	Ω, NDJ = 2.6 + 10.12O	Ω, N7Q = 1.12 + 9.11O	Ω, and NDQ =3.92 + 26.7O	Ω, respectively. Saturable CT class is 5P20, 20 VA, and RS9 = 1.5Ω. Two different 

three-phase fault were assumed occurring at 10 km and 80 km away from the CTs, and the fault 

resistance is 0.01	Ω. The fault currents were measured by CTs with burdens 0.5	Ω and 1	Ω, 

respectively. 
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Figure 5: Simulated power system model. 

 

 

 
Slight Saturation, CT burden = 0.5	Ω 

Figure 6(a) shows the fault current in phase B for the case of slight CT saturation due to a three phase 

fault at � = 0.02T. The CT burden is 0.5	Ω in this case. The SEO signal is shown in figure 6(b). 

 

 

Deep Saturation with CT burden = 1	Ω 

Figure 7 shows the results for a deep CT saturation case. In this case, the CT burden is 1	Ω. As figures 

6(b) and 7(b) show the saturated portions (4J) start with a sharp and high amplitude pulse. Therefore, 

the SEO signal is a sinusoidal signal without any decaying DC offset, which includes some pulses in 

saturation conditions. These pulses are located at the beginning of CT saturation area during each 

cycle. Therefore, using the SEO signal, and sensing its pulses, any CT saturation can be detected. 
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Figure 6: Slight CT saturation, (a): saturated fault currents (b): SEO signal for saturation detection 

 

 
Figure 7: Deep CT saturation, (a): saturated fault currents (b): SEO signal for saturation detection 
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Figure 8: Expanded view of the SEO signal in deep CT saturation case  

 

 

Conclusion 

 
An efficient method for CT saturation detection was described in this paper. The proposed method is 

based on subtracting the even and odd set samples (SEO) of the distorted fault current. Since the 

decaying DC offset is completely removed from the SEO signal, the wave-shape of this signal is 

sinusoidal except in the saturation areas. These saturation areas start with high amplitude pulses, 

which easily detect the CT saturation. This method is not affected by fault conditions, such as fault 

type, and decaying DC characteristics, and responds quickly before CT saturation causes relay miss-

operation. Moreover, it is able to detect both deep and slight CT saturation. 
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