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Abstract :

This paper explores the impact of two-level fault currents on efficiency of the existing protection systems in meeting fault
ride-through (FRT) of inverter-based distributed generations (IBDGs) in active distribution networks. At the outset, to
illustrate the possibility of occurrence of this challenge, a conceptual framework is presented based on the FRT curve of
a IBDGs and the characteristic curve of a protection relay. Afterwards, mathematical analysis reveals that two-level fault
currents may result in increased voltage drops within IBDG-connected bus. Consequently, the performance of voltage
relays with IBDG FRT characteristics could compromise the reliable operation of these sources, potentially leading to
unexpected disconnections from the network and jeopardizing power supply stability. To provide a thorough
investigation, simulation studies utilizing PowerFactory 15.1 software on an active distribution network with IBDG
sources will be conducted. Two scenarios with different FRT requirements are defined, focusing particularly on a relay
near the source affected by two-level fault currents. The study aims to showcase how elevated voltage drops caused by
two-level fault currents can impede the successful achievement of IBDG FRT, emphasizing the critical importance of
addressing this challenge in power system protections.
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1. Motivation of the work

The increasing integration of renewable energy sources
into power distribution networks has transformed
traditional passive grids into active distribution networks.
This shift has brought about significant challenges in
maintaining the stability and reliability of power systems.
One critical issue is the impact of two-level fault currents
on the effectiveness existing protection systems. This
paper explores the possible impact of two-level fault
currents on efficiency of the existing protection systems in
satisfying fault ride-through (FRT) of inverter-based
distributed generations (IBDGs) in active distribution
networks. The primary motivation for this work is to
enhance the understanding of how two-level fault currents
affect the performance of protection systems in meeting
this critical requirement. To this end, this issue is
comprehensively explored throughout a conceptual
framework. After clarification regarding the possible
reasons, this issue is precisely investigated based on
analytical modeling. Then, to validate the possibility of the
occurrence of this issue, extensive simulation-based
studies are carried out by utilizing PowerFactory 15.1. In
these studies, for different fault and FRT requirements,
suitable scenarios are executed. Results highlights the
essence of meeting this issue in protection schemes
presented for active distribution networks including
IBDGs. This study allows for a detailed investigation of
the interaction between two-level fault currents and
protection performance, highlighting the need for
improved protection strategies in modern distribution
networks.

2. Contributions

The conducted study provides a suitable analysis of a
hidden challenge posed by two-level fault currents in
active distribution networks including IBDGs. Unlike
previous studies that primarily focused on single-level
fault currents or conventional fault scenarios, this research
delves into the complexities introduced by two-level
faults. The study clearly outlines the limitations of existing
protection systems in meeting IBDGs FRT requirements
during such faults and emphasizes the need for updated
protection strategies. Previous research has often focused
on designing control equipment and fault current limiters
on the distributed generation side, without considering the
network topology changes that lead to two-level fault
currents [1, 2]. Furthermore, recent studies have
concentrated on relay coordination against these types of
faults but have not accounted for meeting FRT
requirement of IBDGs [3]. To explore this challenging
issue, this research employes different simulation
scenarios including different FRT requirement using
PowerFactory 15.1 software, which allows for a more
accurate representation of the described conditions. The
objectives of this review are to highlight the critical
importance of addressing two-level fault currents besides
FRT requirements which can paves the way for future
research in this area.

3. Procedures

The study involved a series of simulation experiments and
analytical modeling conducted on an active distribution
network based on using PowerFactory 15.1 software. The
subject of this study is uncoordinated of the protection
relays operation with IBDGs FTR requirements in the
active distribution network during two-level fault current.
The simulation scenarios are designed to replicate real-
world conditions, including the occurrence of two-level
fault currents and their impact on protection system of the
network. The pointed subject is exposed to two different
fault scenarios, each with distinct FRT requirements for
IBDGs in Australia and the USA. The conditions included
varying fault locations and magnitudes to test the
weakness of the protection systems. The simulations are
run over a sufficient period to capture the dynamic
response of the protection system and the network,
typically spanning several seconds to minutes depending
on the scenario. Key measurements include voltage drops,
relay operation times, and the stability of IBDG
connections. The comparisons are between the
performance of the protection systems under two-level
fault conditions versus single-level fault conditions in
satisfying FRT requirements. By analyzing these metrics,
the study aimed to identify weaknesses in the current
protection strategies and the essence of improvements.

4. Findings

The findings of the study revealed that two-level fault
currents significantly impact the performance of
protection relays in active distribution networks. The
simulation results demonstrated that such fault currents
could cause increased voltage drops at IBDG-connected
busses, leading to unintended disconnections and
compromising the stability of power supply. This analysis
showed that the existing protection systems, particularly
overcurrent relays besides IBDGs are not adequately
equipped to handle the complexities introduced by two-
level faults. The study also highlights the importance of
considering network topology changes during faults, as
these changes can exacerbate the impact of two-level fault
currents. Moreover, the findings underscore the need for
updated protection strategies to effectively manage this
hidden challenge posed in modern active distribution
networks. The results are significant as they provide a
clear direction for future research and development in
power system protection, emphasizing the need for more
sophisticated and adaptable protection mechanisms.

5. Conclusion

The integration of IBDGs in active distribution networks
has introduced new challenges for existing protection
systems. One such challenge is the impact of two-level
fault currents on the efficiency of protection systems in
meeting the fault FRT requirements of IBDGs. At the
outset, a conceptual framework presented in this paper
illustrates the possibility of a mismatch between the FRT
curve of an IBDG and the characteristic curve of a
protection relay. Then, an analytical modeling is deployed
which reveals that two-level fault currents can result in



increased voltage drops within the IBDG-connected bus.
Consequently, the performance of voltage relays may be
compromised, potentially leading to unexpected
disconnections of IBDGs from the network and
jeopardizing power supply stability.

Simulation studies conducted on an active distribution
network with IBDG sources confirm that elevated voltage
drops caused by two-level fault currents can impede the
successful achievement of IBDG FRT. This emphasizes
the critical importance of addressing this challenge in
power system protections. By addressing the challenges
posed by two-level fault currents and implementing
appropriate mitigation measures, power system operators
can ensure the reliable operation of IBDGs and maintain
the stability of active distribution networks.
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