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Abstract- A CT may mal-operate due to its saturation, to overcome this problem in this paper two 
different methods are suggested. The first method is based on the wave shape of the CT secondary current 
changes significantly at the instant of saturation further an algorithm is developed which uses the second 
derivative of CT output current; here an adaptive threshold is used to detect CT saturation fast. The second 
method is based on the zero crossing principle. Using the combination of two methods, results in a powerful & 
reliable scheme which is able to detect various CT saturation cases correctly and quite fast. A real 220kV bus-
bar is simulated using PSCAD for evaluating the performance of the suggested method. This method is able to 
detect even for small CT saturation cases. 

Keywords-Bus-bar differential protection, current transformer (CT) saturation detection, second 
derivative, zero crossing. 

 
1. Introduction 

The continuous expansions of power system, has imposed a requirement of fast and accurate fault 
clearance scheme which saves the power system equipment from damage. 

Following literature review enlights work done by researches on finding CT saturation detection by 
different ways. When a fault occurs on a transmission line, very close to the bus bar all or some of the fault 
current are passed through CT after some time this CT saturate and fictitious differential current appears in the 
bus bar differential relay, it can declare as an internal fault condition and operate incorrectly [1]. In the market, 
low impedance bus bar differential relays are available to avoid false tripping for external faults. [2]. When CT 
saturates its secondary current changes suddenly but it is observed that after inception of saturation, secondary 
current does not change instantaneously it take some time [3] and hence this method is not give reliable results. 
In [4] a method is developed to detect CT saturation based on given CT parameters, but this method requires a 
function for calculating the core flux from secondary current and compensate it also this method is based on the 
assumption that the remanent flux at the beginning of calculation is zero. 

Another method for CT saturation detection was proposed based on evaluating the mean of error and 
mean and variance of current amplitude [5]. The summation of the current and its second order derivative 
should be zero. In [6] an algorithm is proposed for bus bar differential protection which is based on source 
impedance measurement. The algorithm is computed using a first order differential equation, RL model for the 
power system source impedance at the relay location that requires little computational power to be supported. 
Source impedance seen by the incremental magnitude relay remains constant during CT saturation period. In [7] 
another algorithm is proposed based on symmetrical components which utilize the zero sequence differential 
current gradients with respect to the bias current. Again an efficient compensation algorithm [8] is proposed 
which is independent of CT parameters, secondary burden and no cumulative estimation errors but to determine 
compensated current, it require about one and a half cycles after inception of fault. In [9] one other algorithm is 
proposed which is based on 2nd or 3rd derivative of CT output current and preset threshold. 
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Fig.1 Simplified equivalent circuit of CT 

 
 All the above mentioned proposed algorithms have some drawbacks in detecting CT saturation. It 

might malfunction for short circuit currents which includes high decay dc components. Some of algorithms 
taking fraction of cycles after fault inception and some other require a voltage signal as well as current signal to 
detect CT saturation. In this paper, detection of CT saturation can be done by computing second derivative 
techniques which uses adaptive threshold, also a new algorithm is proposed based on zero crossing techniques. 
Combination of these two methods results in reliable CT saturation detection for different cases. Performance of 
the proposed algorithm is evaluated by simulating 220 kV busbar in PSCAD/EMTDC. 

 
2. Second derivative technique 

 
In this technique, first we discussed the CT saturation detection algorithm using second derivative of 

CT output current. Fig. 1 shows an equivalent circuit of CT for transient analysis. The short circuit current has 
dc component and ac component. The primary current can be represented as. 

�1��� = ��	
 ���� �� − �� − �� �
�� �� ��  �� � ≥ 0  (1) 

Where, Imax, Tp and θ are the maximum value of the sinusoidal steady state fault current. The time constant of 
primary fault circuit and the voltage angle at the instant of fault occurrence respectively. The dc component 
Imax. e-t/Tp causes dc magnetic flux density and ac component Imax.cos ωt causes magnetic flux density. The CT 
secondary current is defined as. 

�2��� = �. �� �
�  + "�� �

�� − # ��$��� − � − %�                  (2) 
Where Ts is the secondary time constant, A and B are constant parameters, and tanφ=ω.Ts. The magnitude of 
the sinusoidal term is given by. 

C=Imax.ωTs cosφ = Imax.sinφ                                        (3) 
The discrete time version of i2(t) can be calculated by putting t=nT 

�2�$� = �. ��&�
�  + "��&�

�� − # ��$�'(
) $ − � − %�                  (4) 

Where T is the sampling interval and N is the number of samples per cycle. The first difference of i2(n) is 
defined as. 

del1(n)= i2(n)-i2(n-1)                                                       (5) 
Hence the exponential terms in i2(n) are reduced and become negligible as the time constant are large. The 
second difference of del1(n) is defined as. 

del2(n)= del1(n)-del1(n-1)                                      (6) 
To detect CT saturation in different cases, a certain value is compared with the second derivative of 

current known as adaptive threshold [9]. The value of threshold is dependent on the fault current level, instead 
of being predefined constant value. 

*ℎ = ,√2 �� .2 ��$ /(
) 01 2                                                      (7) 

Where k & N are the safety factor and number of samples per cycle respectively and If is the amplitude 
of fault current which could be estimated by fourier algorithm. We use three consecutive samples of the 
secondary current of CT to get the reliable result of second order derivative; this can be done because in some 
cases, fault currents with a high amount of decay DC components affected the CT saturation detector. Compare 
the result of adaptive threshold ‘Th’ with three consecutive sample del2(n) and if del2(n)>Th, then only CT 
saturation detector is activated. 
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3. Zero Crossing Technique 
   
3.1 Half Cycle Method:- 

In the worst saturation cases it is observed that secondary current of CT is reduced sharply and hence the 
time between two successive zero crossing of the secondary current becomes smaller than half cycle. This 
technique can be used to detect CT saturation by comparing the secondary current zero crossing intervals with 
half cycle time threshold and if this interval is less than half cycle then saturation occurs indeed. In this method 
the value of threshold is considered to be fixed i.e 8 to 9 ms instead of 10 ms (half cycle for a rated frequency of 
50 Hz) because of the possibility of changing system frequency & effect of noise. But by considering fixed 
threshold for CT saturation detection might not operate correctly & hence in this paper, a complementary 
method is also proposed known as LES Estimation method. 

 
3.2 LES Estimation method:- 

Least square means that the overall solution minimizes the sum of the squares of the errors made in the 
results of every single equation. The most important application is in data fitting. For the studies of different 
faults, in this paper characteristics of CT’s are calculated based on the requirement of commercial relay 
[10],[11].  

The expected unsaturated current, which is calculated based on LES method [14], is expressed as, 

�, = ��� 2'(34
) + %5 + "�64                                                 (8) 

The worst case is considered as a close in fault with maximum decay DC component and 80% remanence 
flux .Therefore amplitudes of the main harmonics and the decay DC Components of the current signal are 
estimated by using the 15 samples of the unsaturated signal where sampling frequency is considered to be 3 
kHz. With the help of complementary zero crossing saturation detection method, the difference between the 
estimated & measured zero crossing intervals is calculated. If this difference is more than a threshold, the 
saturation detector is activated.  

 
 

4. Simulation Studies 
 

 
Fig. 2 Single line diagram of the simulated busbar 

 
In this fig. single line diagram of 220 kV busbar from 220 kv Badnera substation of Maharashra State 

Electricity Transmission Co. Ltd. along with its related CTs is simulated in PSCAD/ EMTDC [15] for studying 
the proposed saturation detection algorithm. The selected CT characteristics are based on CT requirements of 
the differential relay REB 500 [11]. The busbar of 220 kv badnera substation has 2 incoming and 2 outgoing 
feeders. 
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Fig. 

Per unit primary and secondary currents of 220kV PGCIL feeder for external three
this feeder with a maximum decay dc component are shown as above figure. The wave shape of the secondary 
current of CT is distorted after CT saturation occur
of 220kV PGCIL feeder saturated at 210.1ms

 
 

Fig. 

220 kV PGCIL line is simulated along its busbar
from the busbar by changing fault and system conditions in PSCAD/EMTDC as shown in fig. 4 with this 
simulation Computational modal of CT saturation detector is also simulated as shown in figure 
CT characteristics are based on the CT requirements of the differential relay REB 500 [11]. Tower T1, T2, T3, 
T4 and T5 is set as a 5km, 10km, 20km, 30km and 40km respectively from the 220kV busbar. We have 
simulated various types of external
fault is set at 200ms and   duration of fault is set for 100ms. Time constant is calculated by taking R/L ratio in 
the incoming source RRL. A 250 MVAR is connected to 220kV bus. V
different amounts of CT remanence flux and decay dc components are studied and the performances of both of 
the proposed saturation detectors as well as the combined method are evaluated. After occurrence of short 
circuit fault, a fault detection unit is activated.

The Simulation Model of CT saturation detection using combined method is shown in this figure. The 
data signal “Vc” is taken from simulated 220kv busbar which is used for signal generator in the primary current
The signal “th” (actually it is θ which is used in primary current of the CT) is the output of the voltage control 
oscillator which is also used in the secondary current 
the i2(n) which is used to compute the first difference of i2(n) i.e del1(n). Calculation of the second derivative 
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. 3 CT Primary and Secondary current 

Per unit primary and secondary currents of 220kV PGCIL feeder for external three
this feeder with a maximum decay dc component are shown as above figure. The wave shape of the secondary 
current of CT is distorted after CT saturation occurs. The external short circuit occurs at 200ms and the CT core 
of 220kV PGCIL feeder saturated at 210.1ms 

5. Performance Analysis 

Fig. 4 Simulation Model for case study 

220 kV PGCIL line is simulated along its busbar and  external faults is created on different locations 
from the busbar by changing fault and system conditions in PSCAD/EMTDC as shown in fig. 4 with this 
simulation Computational modal of CT saturation detector is also simulated as shown in figure 
CT characteristics are based on the CT requirements of the differential relay REB 500 [11]. Tower T1, T2, T3, 
T4 and T5 is set as a 5km, 10km, 20km, 30km and 40km respectively from the 220kV busbar. We have 
simulated various types of external faults with the help of fault type control. In timed fault logic component, 
fault is set at 200ms and   duration of fault is set for 100ms. Time constant is calculated by taking R/L ratio in 
the incoming source RRL. A 250 MVAR is connected to 220kV bus. Various types of external faults with 
different amounts of CT remanence flux and decay dc components are studied and the performances of both of 
the proposed saturation detectors as well as the combined method are evaluated. After occurrence of short 

t fault, a fault detection unit is activated. 
The Simulation Model of CT saturation detection using combined method is shown in this figure. The 

data signal “Vc” is taken from simulated 220kv busbar which is used for signal generator in the primary current
which is used in primary current of the CT) is the output of the voltage control 

oscillator which is also used in the secondary current i2(t) and discrete time of i2(t). The discrete time of 
sed to compute the first difference of i2(n) i.e del1(n). Calculation of the second derivative 
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Per unit primary and secondary currents of 220kV PGCIL feeder for external three-phase adjacent to 
this feeder with a maximum decay dc component are shown as above figure. The wave shape of the secondary 

s. The external short circuit occurs at 200ms and the CT core 

 

and  external faults is created on different locations 
from the busbar by changing fault and system conditions in PSCAD/EMTDC as shown in fig. 4 with this 
simulation Computational modal of CT saturation detector is also simulated as shown in figure 5. The selected 
CT characteristics are based on the CT requirements of the differential relay REB 500 [11]. Tower T1, T2, T3, 
T4 and T5 is set as a 5km, 10km, 20km, 30km and 40km respectively from the 220kV busbar. We have 

faults with the help of fault type control. In timed fault logic component, 
fault is set at 200ms and   duration of fault is set for 100ms. Time constant is calculated by taking R/L ratio in 

arious types of external faults with 
different amounts of CT remanence flux and decay dc components are studied and the performances of both of 
the proposed saturation detectors as well as the combined method are evaluated. After occurrence of short 

The Simulation Model of CT saturation detection using combined method is shown in this figure. The 
data signal “Vc” is taken from simulated 220kv busbar which is used for signal generator in the primary current. 

which is used in primary current of the CT) is the output of the voltage control 
2(t). The discrete time of i2(t) is 

sed to compute the first difference of i2(n) i.e del1(n). Calculation of the second derivative 
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technique is possible by using three consecutive samples of the secondary current of CT, and hence here we use 
interpolating sampler which samples a continuous i
the sampled level until the next sample is taken, here the sampling rate is taken as 1 kHz. If for three 
consecutive samples, del2(n), which is calculated by eq.(6), is greater than the adapti
saturation detector is activated. The output of second derivative is sent to SAT1 of the combinational logic. The 
first and second derivatives of CT secondary current are large enough only at the instants of saturation, so after 
saturation detection holding, the saturation detector for one cycle is essential [13]. When a CT saturates, its 
secondary current is usually reduced sharply. Therefore in half cycle method, the time between two successive 
zero crossing of the secondary curr
half cycle, saturation occurs indeed.

 This criterion can be used to detect the CT saturation, by comparing the secondary current zero 
crossing intervals with a half cycle time i
detects when the input crosses zero, and differentiates between positive and negative zero crossing and two 
input comparator components.  The output of the half cycle is sent to OR Gate 
 
 
 

 
Fig. 5 Simulation Model of CT Saturation Detector

In LES block, the mathematical equation of expected unsaturated current is simulated .This value is 
compared with the adaptive threshold and if it is more than threshold 
output of the LES method is sent to OR gate of the combinational logic. In the combinational logic for CT 
saturation we already stated that whenever each of the two mentioned flags is activated, the SAT flag is 
activated and CT saturation is detected. In the above simulation a data signal “Vc” is received from figure 
which is the input of primary current component. As the voltage angle at the instant of fault occurrence 
in the equation of secondary current 
export to i2(t) and i2(n) components. 

In the next component i.e. in difference component the first and second difference of discrete time 
version of i2(t) can be computed and th
samples the three consecutive samples of the secondary current of CT. If for three consecutive samples, 
which is calculated by equation (7), is greater than the adaptive threshold
activated. The comparison of three consecutive samples, 
component. The first and second derivatives of CT secondary current are large enough only at the instants
saturation, so after saturation detection holding, the saturation detector for one cycle is essential [13].
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technique is possible by using three consecutive samples of the secondary current of CT, and hence here we use 
interpolating sampler which samples a continuous input signal at discrete intervals, and then holds the output at 
the sampled level until the next sample is taken, here the sampling rate is taken as 1 kHz. If for three 

2(n), which is calculated by eq.(6), is greater than the adaptive threshold 
saturation detector is activated. The output of second derivative is sent to SAT1 of the combinational logic. The 
first and second derivatives of CT secondary current are large enough only at the instants of saturation, so after 
aturation detection holding, the saturation detector for one cycle is essential [13]. When a CT saturates, its 

secondary current is usually reduced sharply. Therefore in half cycle method, the time between two successive 
ent becomes smaller than half a cycle. If the mentioned interval is less than 

half cycle, saturation occurs indeed. 
This criterion can be used to detect the CT saturation, by comparing the secondary current zero 

crossing intervals with a half cycle time interval threshold. Hence here, we use zero detector components, which 
detects when the input crosses zero, and differentiates between positive and negative zero crossing and two 
input comparator components.  The output of the half cycle is sent to OR Gate of the combinational logic

5 Simulation Model of CT Saturation Detector 
 

In LES block, the mathematical equation of expected unsaturated current is simulated .This value is 
compared with the adaptive threshold and if it is more than threshold then the saturation occurs indeed. The 
output of the LES method is sent to OR gate of the combinational logic. In the combinational logic for CT 
saturation we already stated that whenever each of the two mentioned flags is activated, the SAT flag is 

ted and CT saturation is detected. In the above simulation a data signal “Vc” is received from figure 
which is the input of primary current component. As the voltage angle at the instant of fault occurrence 
in the equation of secondary current i2(t) and discrete time of secondary current i2(n), hence data signal “th” is 

components.  
In the next component i.e. in difference component the first and second difference of discrete time 

can be computed and the output i.e. second difference del2n is the input of sampler which 
samples the three consecutive samples of the secondary current of CT. If for three consecutive samples, 
which is calculated by equation (7), is greater than the adaptive threshold “Thres”, then the saturation detector is 
activated. The comparison of three consecutive samples, del2[n] and adaptive threshold is done in comparator 
component. The first and second derivatives of CT secondary current are large enough only at the instants
saturation, so after saturation detection holding, the saturation detector for one cycle is essential [13].

IJRIT International Journal of Research in Information Technology, Volume 3, Issue 6, June 2015, Pg.248-255 

Pankaj E. Dhole, IJRIT-252 

technique is possible by using three consecutive samples of the secondary current of CT, and hence here we use 
nput signal at discrete intervals, and then holds the output at 

the sampled level until the next sample is taken, here the sampling rate is taken as 1 kHz. If for three 
ve threshold Th, then the 

saturation detector is activated. The output of second derivative is sent to SAT1 of the combinational logic. The 
first and second derivatives of CT secondary current are large enough only at the instants of saturation, so after 
aturation detection holding, the saturation detector for one cycle is essential [13]. When a CT saturates, its 

secondary current is usually reduced sharply. Therefore in half cycle method, the time between two successive 
ent becomes smaller than half a cycle. If the mentioned interval is less than 

This criterion can be used to detect the CT saturation, by comparing the secondary current zero 
nterval threshold. Hence here, we use zero detector components, which 

detects when the input crosses zero, and differentiates between positive and negative zero crossing and two 
of the combinational logic 

 

In LES block, the mathematical equation of expected unsaturated current is simulated .This value is 
then the saturation occurs indeed. The 

output of the LES method is sent to OR gate of the combinational logic. In the combinational logic for CT 
saturation we already stated that whenever each of the two mentioned flags is activated, the SAT flag is 

ted and CT saturation is detected. In the above simulation a data signal “Vc” is received from figure 2 
which is the input of primary current component. As the voltage angle at the instant of fault occurrence θ is used 

, hence data signal “th” is 

In the next component i.e. in difference component the first and second difference of discrete time 
is the input of sampler which 

samples the three consecutive samples of the secondary current of CT. If for three consecutive samples, del2[n], 
, then the saturation detector is 

2[n] and adaptive threshold is done in comparator 
component. The first and second derivatives of CT secondary current are large enough only at the instants of 
saturation, so after saturation detection holding, the saturation detector for one cycle is essential [13]. 
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Fig. 6 shows the second derivative of the CT output current based on the modified second derivative 
algorithm. The first algorithm detects CT saturation at 219.02ms. The application of the adaptive threshold for 
the extended derivative technique makes it sensiti

In half cycle method, the secondary current zero crossing intervals is compared with adaptive 
threshold, and if zero crossing intervals is less than adaptive threshold t
second proposed algorithm, output of half cycle method using adaptive threshold is shown in fig. 
method plot the output when the value of the zero crossing interval is less than the adaptive threshold
 

Fig. 8 Operation of calculated zero crossing intervals using LES method
 
The output of LES method is shown in above figure. It shows the zero crossing intervals. The output is 

in square waveform. The output is plotted time vs. expected unsaturated current.
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Fig. 6 Second derivative output 

shows the second derivative of the CT output current based on the modified second derivative 
algorithm. The first algorithm detects CT saturation at 219.02ms. The application of the adaptive threshold for 
the extended derivative technique makes it sensitive enough to detect even low saturation correctly and fast.

Fig. 7 half cycle output 

In half cycle method, the secondary current zero crossing intervals is compared with adaptive 
threshold, and if zero crossing intervals is less than adaptive threshold then the CT saturation indeed. For the 
second proposed algorithm, output of half cycle method using adaptive threshold is shown in fig. 
method plot the output when the value of the zero crossing interval is less than the adaptive threshold

Operation of calculated zero crossing intervals using LES method

The output of LES method is shown in above figure. It shows the zero crossing intervals. The output is 
in square waveform. The output is plotted time vs. expected unsaturated current. 
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shows the second derivative of the CT output current based on the modified second derivative 
algorithm. The first algorithm detects CT saturation at 219.02ms. The application of the adaptive threshold for 

ve enough to detect even low saturation correctly and fast. 

 

In half cycle method, the secondary current zero crossing intervals is compared with adaptive 
hen the CT saturation indeed. For the 

second proposed algorithm, output of half cycle method using adaptive threshold is shown in fig. 7. Half cycle 
method plot the output when the value of the zero crossing interval is less than the adaptive threshold 

 
Operation of calculated zero crossing intervals using LES method 

The output of LES method is shown in above figure. It shows the zero crossing intervals. The output is 
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The CT saturation detector using the logic of the combined method is as shown in figure 
of the combined method is blocked until one
saturation at 219.02 ms, and it remains active, before this point output remains zero, as the output of the both 
proposed algorithm remains zero. Based on the obtained results, it is concluded that the first algorithm detects 
CT saturation quite fast for the heavy saturation cases. For the second algorithm despite CT Saturation in the 
first cycle after fault inception, the zero crossing met
occurrence of saturation at 221ms. Therefore, this method is not effective as compare to first method. 

Various types of external faults with different amounts of CT remanence flux and decay dc compone
are studied and the performance of both of the proposed saturation detectors as well as the combined method is 
evaluated. Results of the proposed algorithm for various External faults
an external single-phase, double-phase, or three
is simulated at the beginning of 220kV PGCIL feeder
it is concluded that the second derivative method is abl
about 2 ms (six samples) after inception of the CT saturation. It provides enough time. However, this method 
may lead to maloperation when saturation of CT occurs in less than one

In general, the zero crossing method is slower than the second derivative method, but does not have the 
mentioned problem. As shown in Table 1, in some cases, the saturation detector based only on the zero crossing 
method does not provide enough time margin between CT saturation detection and entrance of the differential 
current to the busbar relay operational region. Meanwhile, it should be considered that most of the differential 
relays activate their trip command when at least three 
their operational region. As a result in most cases, the relay receives saturation detector output before 
maloperation due to CT saturation for the external fault. The provided time margin by the comb
quite enough in all studied cases. The second derivative detector might not be able to detect some low saturation 
cases, in these cases; the combined method is able to detect saturation correctly.

 
Table 1: Results of the proposed 

Cases Distance 
from the 

busbar(km) 

Saturation 
inception 
time(ms)

AG 0 230 

AG 5 239.2

AG 10 215.6

ABG 0 233.7

ABG 5 224.4

ABG 10 210 

ABG 20 232.1

ABG 30 208.3

ABCG 0 227.8
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Fig. 9 CT saturation detector output 

The CT saturation detector using the logic of the combined method is as shown in figure 
of the combined method is blocked until one-third of cycle after fault inception. Combined method detects 
saturation at 219.02 ms, and it remains active, before this point output remains zero, as the output of the both 

ns zero. Based on the obtained results, it is concluded that the first algorithm detects 
CT saturation quite fast for the heavy saturation cases. For the second algorithm despite CT Saturation in the 
first cycle after fault inception, the zero crossing method with the fixed threshold criterion can only detect 
occurrence of saturation at 221ms. Therefore, this method is not effective as compare to first method. 

Various types of external faults with different amounts of CT remanence flux and decay dc compone
are studied and the performance of both of the proposed saturation detectors as well as the combined method is 
evaluated. Results of the proposed algorithm for various External faults are as shown in table 

phase, or three-phase-to-ground short-circuit fault without any fault resistance 
is simulated at the beginning of 220kV PGCIL feeder-1 at 200 ms. Considering the results presented in Table
it is concluded that the second derivative method is able to detect CT saturation very fast. The detection time is 
about 2 ms (six samples) after inception of the CT saturation. It provides enough time. However, this method 
may lead to maloperation when saturation of CT occurs in less than one-third of cycle after fault inception.

In general, the zero crossing method is slower than the second derivative method, but does not have the 
mentioned problem. As shown in Table 1, in some cases, the saturation detector based only on the zero crossing 

ide enough time margin between CT saturation detection and entrance of the differential 
current to the busbar relay operational region. Meanwhile, it should be considered that most of the differential 
relays activate their trip command when at least three consecutive samples of differential current stay inside 
their operational region. As a result in most cases, the relay receives saturation detector output before 
maloperation due to CT saturation for the external fault. The provided time margin by the comb
quite enough in all studied cases. The second derivative detector might not be able to detect some low saturation 

the combined method is able to detect saturation correctly. 

Table 1: Results of the proposed algorithm for various external faults

Saturation 
inception 
time(ms) 

2nd derivative  
detection 
time(ms) 

First ZC  
detection 
time(ms) 

2nd  ZC  
detection 
time (ms) 

 231.9 241.2 239 

239.2 241.15 258.8 243.4 

215.6 219.02 227.7 221 

233.7 235.9 238 237.6 

224.4 227.8 235 232.3 

 212.4 221.3 219.5 

232.1 234.5 242.4 236.8 

208.3 210.9 218.9 214.4 

227.8 230.8 236.03 233.9 
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The CT saturation detector using the logic of the combined method is as shown in figure 9. The output 
third of cycle after fault inception. Combined method detects 

saturation at 219.02 ms, and it remains active, before this point output remains zero, as the output of the both 
ns zero. Based on the obtained results, it is concluded that the first algorithm detects 

CT saturation quite fast for the heavy saturation cases. For the second algorithm despite CT Saturation in the 
hod with the fixed threshold criterion can only detect 

occurrence of saturation at 221ms. Therefore, this method is not effective as compare to first method.  
Various types of external faults with different amounts of CT remanence flux and decay dc components 

are studied and the performance of both of the proposed saturation detectors as well as the combined method is 
are as shown in table 1. For these faults, 
circuit fault without any fault resistance 

1 at 200 ms. Considering the results presented in Table 1, 
e to detect CT saturation very fast. The detection time is 

about 2 ms (six samples) after inception of the CT saturation. It provides enough time. However, this method 
ter fault inception. 

In general, the zero crossing method is slower than the second derivative method, but does not have the 
mentioned problem. As shown in Table 1, in some cases, the saturation detector based only on the zero crossing 

ide enough time margin between CT saturation detection and entrance of the differential 
current to the busbar relay operational region. Meanwhile, it should be considered that most of the differential 

consecutive samples of differential current stay inside 
their operational region. As a result in most cases, the relay receives saturation detector output before 
maloperation due to CT saturation for the external fault. The provided time margin by the combined algorithm is 
quite enough in all studied cases. The second derivative detector might not be able to detect some low saturation 

algorithm for various external faults 

 

Combined 
methods 
detection 
time(ms) 

231.9 

241.15 

219.02 

235.9 

227.8 

212.4 

234.5 

210.9 

230.8 
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ABCG 5 263.6 265.4 276.3 269.8 265.4 

ABCG 10 261.1 263.2 272.4 266.3 263.2 

ABCG 20 207.2 210.19 217.5 213.2 210.19 

ABCG 30 213.9 216.8 224.8 218 216.8 

ABCG 40 223.4 223.4 231.1 226.8 223.4 

 
6. Conclusion 

 
Differential scheme is the best solution for busbar protection but this scheme may malfunction for 

external faults due to CT saturation, to overcome this problem, two different methods are proposed for 
saturation detectors in this paper. The first method provides fast response while second method is able to detect 
even extreme CT saturation cases. 

As a result, the requirements of CTs for busbar protection relays are decreased and smaller CTs with 
lower knee point voltage could be used for busbar protection. 
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