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Research on Detection Method for Open-Neutral and Open-Phase Faults in

Low-Voltage Distribution Networks Based on TNN-BL Model

LIN Shiyuan*, HUANG Xiong, WU Tianjie, LUO Jie, CHEN Ruizhong, LIN Shaojia
( Qionghai Power Supply Bureau of Hainan Power Grid Co., Ltd., Qionghai 571442, China)

Abstract: The potential safety risks and economic losses
caused by open-neutral and open-phase faults in low-voltage
distribution networks have been longstanding challenges for
power grid companies. With the popularization of intelligent
detection equipment in power grids, fault detection can now
be performed using voltage and sequence current data
collected by smart meters on the low-voltage side. This paper
first established a hybrid model, TNN-BL, based on
transformer neural network ( TNN) and bi-directional long
short-term memory ( Bi-LSTM ). Secondly, by selecting
appropriate loss functions and regularization functions, the
model was refined to further improve its detection
performance. Finally, the model performance was validated
using a dataset from the China Southern Power Grid.
Experimental results showed that the proposed method had a
more effective feature extraction capability, higher detection
accuracy and stronger robustness compared to other fault
detection methods.

Key words: low-voltage distribution network; open-neutral
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Fig.1 Schematic diagram of TT wiring in a low-voltage

distribution network
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Fig.2 Equivalent circuit diagram of a three-phase
four-wire low-voltage distribution system
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Fig.3 Equivalent circuit diagram of single-phase

open-circuit fault
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Fig.4 Composite sequence network diagram of

single-phase open circuit
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Fig.5 Fault detection based on TNN-BL model
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Distribution Networks Based on TNN-BL Model
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Tab.1 Basic information of the dataset
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Fig. 6 Voltage magnitude variation chart
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Tab.2 Confusion matrix in fault detection
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Fig.8 Confusion matrix for detection of each fault type
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Fig.9 ROC curve for detection of each fault type
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Tab.5 Experimental results of different methods
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In the 380/220 V low-voltage distribution
network, open-phase and open-neutral faults pose
significant safety risks to grid insulation equipment
and terminal electrical devices. These faults can lead
to high currents that threaten the normal operation of
the power grid, resulting in substantial economic
losses. Addressing this problem has long been a
Traditional
load

monitoring modules and other devices are inefficient

priority for power grid companies.

detection methods using AC contactors,
and time-consuming. With the popularization of
intelligent detection equipment in the power grid,
load voltage on the low-voltage side and sequence
current data collected by smart meters can now be
utilized for fault detection.

This paper proposed a detection method for
open-neutral and open-phase faults based on hybrid
transformer neural network ( TNN) and bi-directional
long short-term memory ( Bi-LSTM) model, called
TNN-BL. TNN-BL was well-suited for processing
By the

coefficient between different time periods, the model

time-series  data. calculating attention

captured long-range features in high-dimensional

sequences. The proposed model demonstrated

S5

stronger global feature extraction capability than
convolutional neural network, and more efficient
parallel computing capability than recurrent neural
network. In hybrid TNN-BL model, a Bi-LSTM layer
was added in parallel to extract periodic temporal
features, enhancing the model’ s sensitivity to fault
features and improving detection accuracy. In
addition, by calculating the relative relationship
between different features, the method reduced
reliance on original input data in classification
prediction.

In this paper, the collected low-voltage load
voltage and sequence current data from a substation
in a specific region of the China Southern Power Grid
were used as datasets to develop an open-neutral and
open-phase fault detection method based on the
TNN-BL model. On this basis, the model was then
trained and tested. Finally, the model performance
was validated experimentally using real data from the
China Southern Power Grid. Experimental results
showed that the proposed method had superior feature
extraction capability, higher detection accuracy and
stronger robustness compared to other fault detection

methods.
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