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Abstract:

Power transformers are critical assets in transmission and distribution networks, and internal faults can
cause substantial equipment damage and compromise power system stability. The rapid detection of
winding faults and their accurate discrimination from transient phenomena remain key challenges in
transformer differential protection. This paper proposes an intelligent hybrid model based on a
convolutional neural network and long short-term memory network (CNN-LSTM) for the early
detection and classification of internal transformer faults. Three-phase differential current signals are
used as inputs to the proposed model. The CNN layers extract salient local and spatial features from the
current waveforms, while the LSTM layer captures the temporal dependencies embedded in the transient
signals. Various operating scenarios are simulated, including normal operating conditions, magnetizing
inrush current, and different types of internal faults, namely phase-to-ground, phase-to-phase, and three-
phase faults. The evaluation results demonstrate that the proposed hybrid architecture achieves an
accuracy of 98.8%, outperforming standalone CNN and LSTM models. With its fast response and high
accuracy in discriminating internal faults from magnetizing inrush currents, the proposed model shows
strong potential for implementation in next-generation intelligent protective relays.
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Figure (1): General structure of CNN-LSTM multilayer model for transformer internal fault detection
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Table (1): Power transformer technical specifications and simulation settings
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Table (2): Hyperparametric parameters of the proposed model
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Figure (2): Example of differential current signals input to the proposed model in two cases (a) internal fault and (b) inrush
current
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Figure (3): Confusion matrix resulting from implementing the model on the test data

358 so 0amlive 45 A lod b3 oo HLES 39el a8 Jsb 1o 1, CNN-LSTM (solgtny Joe ol San 0is, (F) USC

ol a8l ol g a5 o, slows ial38l b g ails J18 6 5YL mhaw jo (bjgel sl o an e al lade
\


https://jeps.dezful.iau.ir/article-1-573-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-09-06 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 1- Spring 2026

VE-0 e =gl o)leds ooy Jlo —aiadige &j08 Glapime )0 (gt Olidod 4,08

Table (3): Comparison of performance indicators of the proposed model with conventional methods
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Figure (4): Trend of changes in the cost function and accuracy of the proposed CNN-LSTM model during the training
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Figure (5): Trend of changes in the cost function and accuracy of the proposed CNN-LSTM model during the validation
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