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CT fundamentals ð Circuit model, excitation 
curve, simulation model 

CT saturation ð AC saturation, DC saturation 

Simplified CT saturation analysis 

Effects of CT saturation on 87L 

Techniques to improve CT saturation tolerance 
for 87L applications 

CT saturation analysis tool for 87L 
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Like any other kind of transformer, consisting 
of two windings magnetically coupled by the 
flux in a saturable steel core 

Draw an exciting current to keep the core 
excited 

Experience copper losses, core losses, eddy 
current losses and leakage flux 
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More practical way to represent the CT steady-
state performance 
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IEEE PSRC model 

Assume the single-valued saturation curve 

Ignore curve in the below-knee-point region  

Actual curve

Simplified Curve
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Steady state saturation 

Caused by the symmetrical current with no DC 
component 
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Transient saturation 

Caused by DC component in the fault current, 
unipolar half wave current or remnant flux in 
the CT 

To avoid DC saturation 
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High primary fault current 

 

Excessive secondary burden 

 

Heavy DC offset in current 

 

Large percent remanence 
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Nonlinear exciting current during saturation 
affects the performance of current-based 
protection elements 
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Exact same samples during unsaturation 

Saturated current samples are zero during saturation 

Saturation is repeated each half cycle with the same 
pattern 
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Adjust time to saturation from 0 to 0.5 cycle 
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Consider internal faults in a two-terminal line 

Traditional percentage differential plane is analyzed 
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ƹ is an angle difference tolerance factor 

K is a magnitude difference tolerance factor 
Different fault current level at the remote end 

Different CT performance between two CTs 

Model difference between simplified saturation and real 
saturation 

Other errors caused by DC offset, asymmetrical 
saturation, etc. 
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87L operates correctly if 
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87L correctly operates on internal faults if DF > 0.7, 
that is, SLP2 need to be set less than 0.7 
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There exists misoperation if time to saturation is less 
than 2.6 ms when SLP2 is set to 0.7 
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Add a portion of current distortions such as 
harmonics, saturated CT signal and noise, into the 
restraint signal; therefore, the restraint region is 
adaptively increased. 

Dynamically switch the differential settings to more 
secure values to deal with external faults. Normally, 
the more secure settings would result in the larger 
restraint region. 

Constantly use the transient bias as the additional 
restraint signal. A delta signal is mixed into the 
transient bias to increase the restraint signal. 
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Adaptive restraint dynamically adjusts the operating-
restraint boundary. 

Adaptive decision process is based on an on-line 
computation of measurement error. 

Squared differences between the actual waveform 
and an ideal sinusoid is a measure of a ògoodness of 
fitó (a measurement error) 
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Dynamically increase the weight of the adaptive 
restraint portion in the total restraint quantity, but for 
external faults only 
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arg(ILOC/IREM)=0

(internal fault)

MULT=1

MULT=1

MULT=abs(arg(ILOC/IREM)×5/180

arg(ILOC/IREM)=180
(external fault)

MULT=5



23 

Total restraint  = Traditional restraint  

                            + Weight factor  * Adaptive restraint  

Imaginary (I LOC/IREM) 

Real (ILOC/IREM) 

OPERATE 

REST. 

Error factor is high  

Error factor is low  



It is necessary to develop a type of CT 
saturation analysis tool because 

Utility customers are looking for the relay 
manufacturer recommendations and warranties 
for the CT selection at their system with particular 
relay models. 

CT selection recommendations are different from 
one manufacturer to another and there cannot be 
any standard giving specific recommendations. 
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A practical CT saturation analysis tool is 
required to 

seamlessly incorporate the CT performance and 
relay system application 

utilize the commonly recognized CT model and CT 
saturation calculation algorithm  

simulate the analog/digital signal processing and 
data calculations exactly existing in the line 
current differential relay 
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A practical CT saturation analysis tool is able to 
Analyze reliability of 87L during CT saturation 

Evaluate the differential relay security 

Investigate the effect of adjusting 87L settings 

Choose the proper size of CT 

Examine possibility of reducing CT requirement 
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