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Abstract:

Traditional differential protection schemes, which are generally implemented based on time-domain
modeling, exhibit poor performance under frequency deviations caused by the frequency responses of
voltage and current transformers in transmission networks. As a result, they often show significant errors
in fault detection and in distinguishing between internal and external faults in practical applications. To
address this challenge, this paper proposes a novel protection scheme based on the frequency
characteristics of transmission lines while considering the effects of voltage and current transformers.
In the proposed scheme, the transient components of voltage and current at the transmission line
terminals are measured and, through modal transformation and discrete Laplace transform, the
differential and complex frequency-domain components are extracted. These components are then used
for fault detection and for distinguishing between internal and external faults. The proposed protection
scheme is characterized by its independence from power level, sensitivity to high-impedance faults, low
sampling rate requirement, and low computational burden. Simulation studies in MATLAB validate the
effectiveness of the proposed method.
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Figure (6): Internal fault equivalent circuit
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Figure (7): Flowchart of the proposed differential protection pattern
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Table (1): Simulation parameters
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Figure (8): Three-phase voltage and current measured on terminals A and B under internal fault a-g
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Figure (9): Calculated model voltage and current for the primary side of VT and CT transformers on terminals A and B under
internal fault a-g
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Figure (10): Calculated model voltage and current for the secondary side of VT and CT transformers on terminals A and B
under internal fault a-g
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Figure (11): Three-phase voltage and current measured on terminals A and B under external fault a-g
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Figure (12): Calculated model voltage and current for the primary side of VT and CT transformers on terminals A and B
under external fault a-g
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Figure (13): Calculated model voltage and current for the secondary side of VT and CT transformers on terminals A and B
under external fault a-g
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Figure (14): Selected time window of 0.02 seconds
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Figure (15): Discrete Laplace transform corresponding to the signal in Figure 14
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Figure (16): FODA criterion and threshold value calculated pre-fault
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Figure (17): CC fitness criterion for two fault scenarios with identical characteristics, (a) internal fault, (b) external fault

ol 56T —F-1

o)


http://dx.doi.org/10.82362/jeps.2025.2.542.fa
https://jeps.dezful.iau.ir/article-1-542-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 |

[ DOI: 10.82362/jeps.2025.2.542.fa]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 2- Summer 2025

sl 5l 55 5 58,5 155 50 b e (LY s 1 siien il 5 095 el s cilis (5550 S,

Gl s30T 08,5 o b, il slag bw cow oSl ol o Shae (golgitin cbilis oSl i el jglaiods
g ol plnl Gl (gg8 Ll walizes £9,0 SLlg) erie slas slacuslin (LSS 5 51 aw las glgl Ll d o

e Galizes Loyl co |y solpiinn cbla> 663l 580 o, Slos (Joux () gl .cuwl ool &81,1 (V) Jgoam 0 o =l
odds pll gy a4 )l g B glhas SIS g e aseis wod gilwand Glag s eled o amo o lis

el pglie (556503l 555 gl g Uas £o,5 agsly s Cenglin das g5 dy Comnd g0lgidi 555 ol by and

Table (2): Sensitivity analysis results
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! Convolutional Neural Network

% Discrete Wavelet Transform

% Traveling Waves

* static synchronous compensator

® Deep learning based on recurrent neural networks
% Independent components analysis
7 Principal component analysis

8 Walsh-Hadamard transform

¥ Fast Fourier Transform

10 Hilbert-Huang transform

' Stockwell transformation

12 Wavelet transform

15 Gabor wavelet

' Voltage transformers

I3 Current transformers

16 Circuit Breaker

'7 Congruence criteria

18 First-order differential average
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