5 &

.
Zestera

PUBLICATIONS ISSN: 3070-0515

International Journal of
Al Electronics and Nexus Energy

www.zesterapublications.com Original Research Paper

FAULT-TOLERANT CONTROL STRATEGIES FOR POWER

ELECTRONICS CONVERTERS IN RENEWABLE ENERGY SYSTEMS

Joseph
Research Scholar, Mexico

ABSTRACT

Power electronics converters are critical
components in renewable energy systems,
enabling efficient energy conversion from
solar, wind, and hybrid sources. However,
these converters are prone to faults such as
switch failures, short circuits, open-circuit
faults, and thermal stress, which can lead to
system downtime and reduced energy
efficiency. This paper presents a fault-tolerant
control (FTC) framework for power
electronics converters in renewable energy
systems, combining real-time fault detection,
diagnosis, and adaptive control strategies. The
proposed approach integrates model-based
fault detection, observer techniques, and Al-
driven predictive control to maintain system
performance  under  fault  conditions.
Simulation results demonstrate improved
reliability, reduced downtime, and enhanced
efficiency compared to conventional fault-
handling approaches. The framework ensures
robust operation for large-scale renewable
energy integration into smart grids.
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l. INTRODUCTION

Renewable energy systems such as
photovoltaic  (PV) and wind turbine
installations rely heavily on power electronics
converters for energy transformation and grid
interfacing. These converters are responsible
for voltage regulation, current control, and
maintaining synchronization with the grid.
Despite their critical role, converters are
susceptible to faults due to switching device
degradation, thermal stress, electromagnetic
interference, and unpredictable load or
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generation conditions. Faults can compromise
system efficiency, stability, and reliability.
Traditional protection schemes, including
fuses, circuit breakers, and static relays, isolate
faults but do not prevent performance
degradation during transient fault conditions.
Consequently, advanced control strategies are
required to maintain operation despite faults.
Fault-tolerant control (FTC) strategies enable
systems to continue operation under fault
conditions by detecting faults in real time,
diagnosing their type and location, and
reconfiguring control actions accordingly. FTC
enhances the reliability and robustness of
renewable energy systems.

This paper proposes an Al-integrated FTC
framework for power electronics converters,
combining observer-based fault detection with
predictive Al control. The framework ensures
minimal performance loss during faults,
enhancing reliability and efficiency in
renewable energy integration.

1. LITERATURE REVIEW

Power electronics fault diagnosis has been
studied extensively, with early methods relying
on hardware protection devices. While
effective for isolation, these methods result in
significant downtime and energy loss.
Model-based observer techniques, including
Luenberger and sliding-mode observers, detect
deviations between expected and measured
signals to identify faults. These methods
improve detection speed and accuracy but
require precise system models.

Adaptive control strategies have been
proposed to maintain performance under
partial faults. These methods adjust control
parameters in real time to compensate for
degraded system components.

Recent research incorporates Al and machine
learning for predictive fault detection, enabling
early detection of potential failures.
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Techniques such as artificial neural networks
(ANN), support vector machines (SVM), and
deep learning models have demonstrated high
detection accuracy under varying operating
conditions.Hybrid  approaches  combining
model-based detection with Al predictive
control enhance robustness and efficiency.
However, challenges remain in real-time
implementation, scalability, and integration
with large renewable energy systems. This
paper addresses these gaps with a
comprehensive FTC framework.

1. PROPOSED METHODOLOGY
The proposed FTC framework consists of
three main modules: fault detection, fault
diagnosis, and adaptive control. Real-time
measurements of voltages, currents, and
temperature are continuously monitored.

Fault detection uses observer-based models to
identify discrepancies between expected and
measured values. Sliding-mode and extended
Kalman filter observers provide fast and
accurate detection for various fault types.

Fault diagnosis classifies the detected fault
type and severity using machine learning
models trained on historical fault data. ANN
and SVM models predict the fault location and
estimate its impact on system performance.
Adaptive control strategies reconfigure the
converter’s control loops to maintain voltage
and current regulation despite faulty
components. This includes adjusting switching
patterns, current references, and modulation
indices dynamically.

The integrated framework ensures fault
tolerance by combining rapid detection,
accurate diagnosis, and real-time control
adaptation. Feedback loops continuously
monitor performance to refine control actions.
V. EXPERIMENTAL SETUP

The framework is tested using a simulated
renewable energy system comprising a
photovoltaic array, wind turbine, and grid-
connected inverter. Converter models include
full-bridge and multi-level topologies.

Fault scenarios include switch short circuits,
open-circuit faults, thermal overloads, and
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load fluctuations. Measurement noise and grid
disturbances are added to test robustness.
Observer-based detection algorithms are
implemented in MATLAB/Simulink, and
machine learning models are trained using
Python libraries.  Hyperparameters are
ptimized for fast inference and high detection
accuracy.

Performance metrics include fault detection
time,  classification  accuracy,  energy
efficiency, voltage and current regulation, and
system downtime. Comparisons are made with
conventional protection and control schemes.
Scalability is evaluated by simulating multiple
converters in parallel, representing large
renewable energy farms and smart grid
integration scenarios.

V. CONTROL DESIGN

Adaptive control reconfigures converter
operation during faults. The control system
prioritizes voltage and current regulation while
minimizing energy loss.

Sliding-mode  and  predictive  control
algorithms are integrated to handle non-
linearities and disturbances. Al models provide
real-time adjustment of control parameters
based on fault severity and operating
conditions.

The observer-based feedback  monitors
deviations and triggers adaptive corrective
actions to maintain stable operation.
Redundancy strategies reroute power through
healthy components to maintain energy
delivery  without interrupting the grid
connection.

Integrated control ensures robust operation,
rapid recovery, and minimized performance
degradation under fault conditions, supporting
reliable renewable energy integration.

VI. RESULTS AND DISCUSSIONS
Simulation results demonstrate a 30-35%
reduction in  downtime compared to
conventional fault-handling methods.

\oltage and current regulation remain within
+3% of nominal values during fault events,
maintaining grid stability.
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