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Aluminum electrolytic capacitors (AECs) are vital in efficiently operating switched-mode power supplies (SMPSs)
by regulating energy storage and voltage. These capacitors are widely used due to their high capacitance and
cost-effectiveness. However, their performance at low temperatures is a critical aspect that demands a thorough

investigation, particularly in applications where SMPSs are subjected to sub-zero operating conditions.
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| 1. Introduction

Aluminum electrolytic capacitors (AECs) are vital in efficiently operating switched-mode power supplies (SMPSs)
by regulating energy storage and voltage. These capacitors are widely used due to their high capacitance and
cost-effectiveness. However, their performance at low temperatures is a critical aspect that demands a thorough
investigation, particularly in applications where SMPSs are subjected to sub-zero operating conditions.
Understanding the behavior of aluminum electrolytic capacitors in such environments is essential for ensuring the
reliable and stable performance of power supply systems across a broad spectrum of operating conditions 23141,
The low-temperature performance of aluminum electrolytic capacitors can be significantly affected by various
factors, including temperature-dependent capacitance, leakage current, and the impact on overall power supply
efficiency. The capacitor’s characteristics can deviate from their nominal values at low temperatures, leading to
degraded performance and potential failure. It is imperative in aerospace, automotive, and telecommunications
applications, where SMPSs are exposed to extreme temperature variations 28, Despite the significance of low-
temperature performance, more comprehensive experimental investigations need to focus specifically on aluminum
electrolytic capacitors in SMPSs. Most existing studies in the field have primarily concentrated on the behavior of
other capacitors or explored the impact of temperature on capacitors without delving into the specific nuances of

aluminum electrolytic capacitors in SMPS applications .

Cold experiments have been conducted to study the impact of low temperatures on aluminum electrolytic
capacitors. It has been observed that cold environments can significantly affect the performance and reliability of
these capacitors. One prominent effect is the decrease in capacitance at lower temperatures. The dielectric oxide
layer on the aluminum anode tends to thicken, reducing the effective surface area and decreasing capacitance (&2

(101111 - Additionally, the capacitors’ equivalent series resistance (ESR) tends to increase in cold conditions,

https://encyclopedia.pub/entry/48630 1/7



Reliability of Aluminum Electrolytic Capacitors in Cold Environments | Encyclopedia.pub

impacting their overall impedance characteristics. Furthermore, the mechanical integrity of aluminum electrolytic
capacitors can be compromised in cold environments. The contraction and expansion of the aluminum can and
sealing materials due to temperature changes can induce mechanical stress, leading to potential damage and
reduced reliability. Long-term exposure to low temperatures can also degrade the performance and reliability of
aluminum electrolytic capacitors. Aging tests conducted under cold conditions have shown a deterioration in their
electrical properties and decreased operational lifespan. Researchers have examined different approaches, like
fine-tuning electrolyte compositions, employing cold-temperature electrolytes, and enhancing packaging designs to
augment the efficiency and dependability of aluminum electrolytic capacitors in chilly conditions. These efforts aim
to mitigate the adverse effects of low temperatures and ensure the reliable operation of these capacitors in cold
applications. Understanding the impact of cold temperatures on aluminum electrolytic capacitors is crucial for
designing and operating systems in cold environments 121,

2. Reliability of Aluminum Electrolytic Capacitors in Cold
Environments

AECs are widely used in electrical and electronic applications due to their high capacitance, low cost, and
robustness. They consist of an anode and a cathode separated by an electrolyte-soaked paper or polymer
separator. The anode is formed by an aluminum foil with a thin oxide layer, which acts as the dielectric. The
electrolyte facilitates ion movement, creating a stable oxide layer on the anode. Aluminum electrolytic capacitors
offer high capacitance values and can handle high voltage ratings. They find applications in power supplies, audio
equipment, motor drives, and many other electronic systems requiring energy storage and filtering capabilities.
AECs typically consist of several layers. A protective sleeve or coating provides insulation and mechanical
protection for the outermost layer. Beneath that is an anode foil made of high-purity aluminum, forming one
electrode. The anode foil is covered with a dielectric layer, usually created by an aluminum oxide film. The
dielectric layer acts as the insulating material. Next, a paper or polymer separator is soaked in an electrolyte,
facilitating ion movement. Finally, a cathode foil, typically aluminum, forms the second electrode. The tightly rolled

or stacked layers ensure a compact structure with a high capacitance-to-volume ratio.

The research provide different methods for studying and monitoring the condition of aluminum electrolytic
capacitors. It presents a methodology for studying the impact of thermal cycling on the wear-out of aluminum
electrolytic capacitors used in automotive cases 22, It introduces an approach for investigating the influence of
thermal cycling on the deterioration of aluminum electrolytic capacitors utilized in automotive applications 141, |t
introduces a trial offine method for assessing the status of aluminum electrolytic capacitors by estimating
equivalent series resistance and capacitance parameters 22, |t suggests an approach for determining the hotspot
temperature of aluminum electrolytic capacitors using the linear relationship between capacitance and temperature
(18] This study presents a fault diagnostics framework for aluminum electrolytic capacitors in power supplies. Long-
term frequency monitoring and statistical feature extraction were used to detect anomalies, achieving improved
performance with increased data capacity. The k-nearest neighbors algorithm showed the highest accuracy

(98.40%) and lowest computational cost X2, This study focuses on monitoring electrolytic capacitors using a
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parameter observer (PO) to determine their equivalent capacity and serial resistance. The PO estimates the
discharging circuit's time constant based on voltage measurements, enabling the calculation of the capacitor’s
parameters. Experimental results show that the proposed observer has faster error tracking than other methods,
with the potential for real-time implementation due to its low computational requirements 8. This paper introduces
a data processing method using the box diagram technique to identify outliers in sensor data. Outliers are
classified based on their persistence over time and linkage to other sensors. A clustering algorithm is employed for
data reclassification. A risk coefficient is calculated using persistence and linkage, and a threshold is defined to
differentiate between risk-specific and non-risk anomalies. A comprehensive evaluation model is established using
guantitative scoring, principal component analysis, and 0.1 planning. The proposed evaluation method is evaluated
objectively 2. This research deals with the issue of identifying faults in squirrel cage induction motors (SCIMs)
when operating under conditions of low load. By employing stator current information and an approach assisted by
feature engineering, a technique for fault categorization is formulated using the support vector classification (SVC)
algorithm. The method utilizes the Hilbert transform and filter-based feature selection for precise fault
categorization. The SVC exhibits remarkable diagnostic performance accuracy (97.32%) and surpasses alternative
classifiers in accuracy and computation speeds [29. This research focuses on monitoring switch-mode AC/DC
power supplies (SMPSs) to identify switching device and capacitor issues. By utilizing dual sensing of current and
voltage signals and applying statistically derived characteristics, an integrated approach is suggested for
diagnosing system faults. The selection of features is carried out using correlation-based methods, and machine
learning-based classifiers are utilized for fault detection and isolation (FDI). The outcomes demonstrate that
random forest and gradient boosting classifiers are highly dependable but computationally demanding, whereas
the decision tree classifier offers cost-effectiveness with reliable diagnostic results. The proposed framework is
effective for diagnosing switching device issues and categorizing various states of the SMPSs 21, This research
focuses on the significance of sturdy power converter designs and regulatory techniques in LED lighting setups. It
introduces an innovative health assessment system that employs the brief duration least square Prony’s method
for identifying capacitor issues in a resilient LED driver. The setup enables constant monitoring of electrolytic
capacitor status, preventing complete system breakdowns; it exhibits remarkable efficiency despite a restricted
amount of data instances [22. This research emphasizes the significance of preserving the robust functioning of
capacitors in renewable energy generation setups. It suggests a non-intrusive method for identifying faults, using
random forest classification to detect the critical level of aluminum electrolytic capacitors, eliminating the necessity
for extra sensors in the converter 23], Precise capacity assessment is vital for the secure and effective functioning
of batteries. This research introduces an innovative approach to gauge the capacity of extensive LiFePO4
batteries, utilizing actual information obtained from electric vehicles. A comprehensive dataset from 85 cars is
compiled, and a capacity prediction method that involves classification and aggregation is formulated. This
techniqgue combines a battery aging trial with extensive data analysis to estimate even under diverse and authentic
circumstances accurately. The suggested models, encompassing linear regression and neural networks,
demonstrate dependable capacity prediction with minimal relative error. The effectiveness of these methodologies
is confirmed through an aging experiment, offering valuable insights for capacity estimation based on real-world
data 241, This article focuses on temporal features and their importance in comprehending data patterns. The

laborious manual extraction of features from extensive time-based datasets is time-consuming and demanding
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automation. The article introduces a correlation-dependent feature selection algorithm assessed on stress-
predictive data, attaining superior classification accuracy (98.6%) in contrast to conventional statistical
characteristics (67.4%). The research underscores the significance of analytical attributes over traditional statistical
features for precise stress categorization (23], The swift expansion in energy requirements compels the exploration
of energy conservation. Demand flexibility (DF) initiatives and live meters (LMs) offer crucial data for managing
energy consumption on the consumer side. This research suggests cluster algorithms that employ discrete wavelet
transformation (DWT) to partition consumers according to their daily load patterns. The approach is deployed on
the Manhattan dataset, demonstrating enhanced cluster efficiency and easing the analysis of electricity usage

patterns [28],

With its abundant presence in the Vellore locality, sunlight energy can be tapped using solar PV modules. A
machine learning-based MPPT controller improves the PV array’s effectiveness, ensuring ideal torque and steady
speed for electric vehicles (EVs) under different load circumstances. The research employs a solar cell, SVPWM
inverter, and DC-DC voltage booster to energize the EV, and the system’s performance is assessed using MATLAB
Simulink 4. Microbe fuel cells (MFCs) transform organic substances into electric energy utilizing microorganisms,
yet their limited power constrains their feasible use. This research utilizes machine learning techniques,
encompassing support vector regression, artificial neural networks, and Gaussian process regression, to establish
ideal data-informed models for MFCs. Fine-tuning hyperparameters through Bayesian, grid, and random
exploration yields models with 99% precision for forecasting power density and output voltage, facilitating
enhanced MFC optimization [28. This paper introduces a synthetic neural network-centered (SNN) energy
management approach (SMA) for a hybrid AC/DC microgrid. It employs a dual-phase technique to ascertain the
operational state and regulate the replenishment and release of the energy storage system. The microgrid
integrated diverse converters and effectively functioned and governed with the suggested SNN-based EMA, as
evidenced by empirical findings on a laboratory-scale setup 29 Scientists have sought to enhance the
effectiveness of photovoltaic systems (PVS) by forecasting weather conditions that influence PV module
performance. This research suggests employing artificial neural networks (ANNSs) to anticipate the PV system’s
temperature and radiation, utilizing JAYA-SMC hybrid control to identify the peak power point and duty cycle for a
DC motor. The approach was proven exceptionally efficient, assessing maximum power and stability for energy
monitoring and control BY. This article suggests a mixed AC/DC microgrid (MG) utilizing solar and wind renewable
resources. The management of coordination and identification of faults are implemented to guarantee steadiness
and equilibrium between generation and consumption and facilitate rapid fault localization and restoration. A
proportional resonant (PR) current regulator lessens harmonics, while an artificial neural network (ANN) ensures
precise fault detection. MATLAB simulation outcomes exhibit the efficiency of the suggested control approach in
preserving stability, fulfilling load requirements, attaining energy equilibrium, and anticipating faults B, This
research presents a modeling framework for a hybrid electric vehicle setup, emphasizing bidirectional DC-DC
converters and coordinated regulation of energy sources. An artificial neural network (ANN) is implemented to
optimize feedback control within the converter circuit to enhance traditional control techniques. The results indicate
that the ANN controller significantly improves performance compared to conventional methods, as demonstrated

through MATLAB/Simulink simulations. These simulations underscore the effectiveness of the ANN controller in
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diminishing the steady-state error, peak overshoot, and settling time during both vehicle powering and regenerative

braking modes 32, These papers, as a whole, propose that the statistical feature engineering method and artificial

neural network implementation can be utilized to monitor the status of aluminum electrolytic capacitors and

forecast their lifespan and ensure their dependability.
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