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Abstract: Partial discharge (PD) in electrical 
equipment, such as air switchgear, can lead to 
insulation degradation and, ultimately, equipment 
failure. Monitoring PD is crucial for preventing failures 
and ensuring the reliability of power systems. This 
study proposes an online monitoring method for PD in 
air switchgear based on characteristic gases generated 
by insulation defects. A novel gas detection system is 
developed that identifies gases released during partial 
discharge events. The system employs gas sensors to 
detect specific gases like acetylene (C2H2), methane 
(CH4), and ethylene (C2H4), which are associated with 
PD. The system's performance was evaluated in both 
laboratory conditions and in-field testing, showing that 
it successfully detected PD events with high accuracy. 
The research demonstrates the potential for real-time, 
non-invasive monitoring of PD to improve the 
reliability and safety of electrical switchgear. 

 

Keywords: Partial Discharge (PD) Detection, Air-
insulated Switchgear (AIS), Real-time Monitoring, 
Insulation Fault Diagnosis, Characteristic Gas Analysis, 
Electrical Equipment Condition Monitoring, Gas 
Sensors for PD Detection, Power System Diagnostics, 
High-voltage Equipment Monitoring. 

 

Introduction: Air-insulated switchgear (AIS) is a critical 
component in power distribution systems, providing 
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electrical protection and control. However, like all 
electrical equipment, AIS is susceptible to insulation 
defects, which can lead to partial discharge (PD). PD 
occurs when electrical discharges partially ionize the 
insulation material, causing damage over time. This 
damage can degrade the insulation and, in severe 
cases, lead to equipment failure, resulting in costly 
downtime and safety risks. 

Traditional PD detection methods often involve offline 
measurements or invasive techniques, such as the use 
of ultrasonic sensors or high-voltage tests, which are 
not always suitable for continuous monitoring in 
operational environments. Therefore, an online 
monitoring system capable of detecting PD in real-time 
is essential for proactive maintenance and ensuring 
the reliability of electrical systems. 

Previous research has identified that certain gases are 
released during PD events, such as acetylene (C2H2), 
methane (CH4), and ethylene (C2H4), which can serve 
as indicators of insulation degradation. This study 
explores the use of these characteristic gases for online 
monitoring of PD in air switchgear. The detection of 
these gases can provide early warnings of insulation 
defects, allowing for timely intervention and 
preventing catastrophic failures. 

This paper presents a method for the online 
monitoring of PD in air switchgear based on 
characteristic gases. The research focuses on 
developing a gas detection system that can identify 
and quantify these gases, offering an effective and 
non-invasive solution for real-time monitoring of 
insulation health in AIS. 

METHODS 

Gas Detection System Design: 

The gas detection system was designed to identify and 
quantify gases produced by PD events in air 
switchgear. The system incorporated several key 
components: 

1. Gas Sensors: Electrochemical and metal oxide 
semiconductor (MOS) sensors were selected for their 
sensitivity to the target gases (acetylene, methane, 
and ethylene). These sensors were chosen for their 
high sensitivity, low power consumption, and ability to 
operate in industrial environments. 

2. Sampling Unit: A sampling unit was designed 
to draw air from the switchgear chamber, passing it 
through the gas sensors for analysis. The sampling unit 
included filters to remove particulates and moisture 
that could interfere with sensor readings. 

3. Data Acquisition System: A microcontroller-
based data acquisition system was used to collect 
sensor data. The system recorded the concentration of 

each gas in real-time and stored the data for further 
analysis. 

4. Signal Processing: The raw data from the 
sensors were processed using a series of algorithms to 
filter out noise and identify the characteristic gas 
concentrations associated with PD. Machine learning 
algorithms, including regression models and support 
vector machines (SVM), were applied to correlate the 
gas concentrations with PD severity. 

Experimental Setup: 

The experimental setup consisted of a test chamber 
simulating the conditions of an air-insulated 
switchgear. The chamber contained an artificial 
insulation defect, created by introducing a controlled 
partial discharge source. The system was tested under 
various conditions, including different PD levels and 
operating voltages, to evaluate its sensitivity and 
accuracy. 

In-field testing was conducted on several AIS units 
located at substations to assess the practical 
performance of the system. Gas samples were 
collected and analyzed in real-time, while the 
switchgear was in operation, to identify any changes in 
gas concentration indicative of PD. 

Gas Selection and PD Characterization: 

The target gases for PD monitoring were selected 
based on previous studies that identified specific gases 
generated during PD in air-insulated switchgear: 

• Acetylene (C2H2): This gas is commonly 
associated with PD and is an indicator of high-energy 
discharges, often linked to insulation defects. 

• Methane (CH4): Methane is typically produced 
during low-energy PD events and is a reliable marker 
of early-stage insulation degradation. 

• Ethylene (C2H4): Ethylene is generated during 
partial discharge and is another important gas used to 
characterize the severity of insulation defects. 

The concentration of these gases was measured in 
parts per million (ppm), and the data were analyzed to 
correlate the gas levels with the occurrence and 
severity of PD. 

RESULTS 

Laboratory Testing: 

The gas detection system was first tested in a 
controlled laboratory environment. During testing, 
different levels of PD were induced in the insulation 
material within the test chamber. As PD events 
occurred, characteristic gases such as acetylene, 
methane, and ethylene were detected by the gas 
sensors. 
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• Acetylene Concentration: The acetylene 
concentration showed a clear increase during high-
energy PD events. At PD levels above 10 nC (nano-
Coulombs), acetylene concentrations increased to 50 
ppm or higher, providing a strong correlation with 
severe PD events. 

• Methane Concentration: Methane was 
detected even at lower PD levels, with concentrations 
rising to 20 ppm during moderate discharge events. 
This gas proved to be a useful early warning indicator 
of insulation degradation. 

• Ethylene Concentration: Ethylene was found 
to be a reliable marker for medium-energy PD events. 
Concentrations of 15 ppm were consistently observed 
during such events. 

The system demonstrated a high level of sensitivity, 
with the gas concentrations correlating strongly with 
the severity of the PD. The signal processing algorithms 
successfully filtered out noise and identified the PD 
events with an accuracy of 95%. 

Field Testing: 

Field tests were conducted on several AIS units in 
different substations. Gas concentrations were 
continuously monitored in real-time, and PD events 
were detected based on increases in the characteristic 
gases. 

• In one instance, the system detected a 
moderate PD event in an air switchgear unit that had 
not been identified through conventional monitoring 
methods. The system reported a spike in methane and 
acetylene concentrations, which led to an immediate 
inspection of the unit. The inspection revealed an 
early-stage insulation defect that was repaired before 
it could lead to equipment failure. 

• In another test, the system identified a severe 
PD event in a high-voltage air switchgear unit, where 
acetylene concentrations exceeded 100 ppm. The 
event was immediately flagged for further action, 
preventing a potential catastrophic failure. 

Overall, the field tests confirmed the system's ability to 
detect PD events accurately in real-time, providing a 
reliable and non-invasive solution for monitoring the 
health of air-insulated switchgear. 

DISCUSSION 

The research presented in this study demonstrates a 
novel approach to online monitoring of partial 
discharge (PD) in air-insulated switchgear (AIS) using 
characteristic gases. The results from both laboratory 
and field testing suggest that gas-based detection 
systems can provide reliable, real-time monitoring of 
PD events, potentially offering a significant 
improvement over conventional methods. This section 

elaborates on the strengths, challenges, and possible 
future directions for the method used in this research. 

Effectiveness of Gas-Based Monitoring: 

One of the most significant findings of this study is the 
effectiveness of using gases like acetylene (C2H2), 
methane (CH4), and ethylene (C2H4) to detect partial 
discharge events. These gases are commonly 
associated with PD, and their detection has proven to 
be a reliable method for identifying insulation defects. 
The study demonstrated that: 

1. Acetylene (C2H2) concentration was a 
particularly strong indicator of high-energy PD events, 
which are often linked to severe insulation damage. 
The ability to monitor acetylene levels in real-time 
provided a means to detect high-risk conditions before 
they could lead to catastrophic failures. This is 
significant because early identification of severe PD 
events can trigger maintenance actions and prevent 
more extensive damage or even equipment failure. 

2. Methane (CH4) was found to be useful for 
detecting lower-energy PD events, making it an 
excellent early warning signal. Detecting methane at 
early stages of insulation degradation is crucial 
because it allows maintenance teams to take 
corrective actions before the damage becomes critical. 

3. Ethylene (C2H4) levels served as a reliable 
marker for medium-energy PD events, which might not 
cause immediate, noticeable failure but could 
gradually compromise the insulation over time. This 
makes ethylene a valuable indicator of ongoing, 
incipient problems that need attention before they 
escalate. 

These findings highlight that the monitoring system 
can accurately capture the diverse range of PD events 
(from low-energy to high-energy), making it highly 
versatile in monitoring insulation health. By detecting 
these gases in real-time, the system provides valuable 
insight into the state of insulation without requiring 
shutdowns or invasive testing. 

Advantages of Online Monitoring: 

The key advantage of this gas-based PD detection 
system is its non-invasive nature. Traditional PD 
detection techniques often require physical access to 
the equipment, extensive downtime, or expensive 
offline testing setups. In contrast, the proposed 
method allows continuous monitoring of PD events 
without disrupting the normal operation of air-
insulated switchgear. 

Moreover, because the system is real-time and 
capable of running continuously, it provides a dynamic 
view of the equipment's health, enabling proactive 
maintenance. Operators can make informed decisions 
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based on the real-time data collected, rather than 
relying on periodic inspections that may miss subtle or 
evolving issues. This is particularly beneficial for 
preventing unplanned outages, as maintenance can be 
scheduled based on the actual condition of the 
equipment rather than estimated lifetimes or 
predicted failure points. 

The ability to monitor insulation degradation on a 
permanent, real-time basis further enhances the 
safety of the power grid by providing immediate 
feedback about the condition of critical infrastructure. 
It also allows for data-driven decision-making where 
operators can anticipate potential failures and address 
them before they compromise system reliability. 

Challenges and Limitations: 

Despite its many advantages, there are some 
challenges and limitations to the proposed method 
that need to be addressed: 

1. Gas Sensor Sensitivity and Selectivity: 

One of the challenges observed in this study was 
related to the sensitivity of the gas sensors. While the 
sensors were able to detect characteristic gases such 
as acetylene, methane, and ethylene, their 
performance in low-level PD events (those with 
minimal gas production) could be improved. For 
instance, in cases of early-stage PD, where gas levels 
were below detection thresholds, false negatives 
occurred. This issue highlights the need for more 
sensitive gas sensors or improved sensor calibration 
techniques. Furthermore, gas sensors need to be 
selective to the gases of interest, as other 
environmental gases might interfere with the 
detection. 

2. Environmental Factors: 

Environmental conditions such as temperature, 
humidity, and ambient gases could influence sensor 
readings and affect the accuracy of the gas detection 
system. For example, high humidity or the presence of 
other gases (e.g., carbon dioxide or nitrogen) in the air 
could lead to sensor cross-sensitivity, potentially 
resulting in inaccurate measurements or false 
positives. In this study, the gas sensors were calibrated 
in controlled laboratory environments, but real-world 
applications might present more challenging 
conditions. Future work should focus on calibrating the 
system to account for environmental variations, or 
employing additional filtering techniques to isolate the 
target gases from interfering substances. 

3. Sensor Durability and Maintenance: 

Another challenge lies in the durability and long-term 
reliability of the gas sensors in industrial environments. 
The sensors need to withstand harsh environmental 

conditions, such as high temperatures, vibrations, and 
exposure to various chemicals. Over time, sensor drift 
and aging could reduce the accuracy of measurements, 
leading to potential maintenance issues. To address 
this, regular calibration schedules and the use of high-
quality, durable sensors are necessary for ensuring 
reliable long-term performance. 

4. Detection of Low-Intensity PD Events: 

While the system was successful in detecting moderate 
to severe PD events, low-intensity or early-stage PD 
events (which generate lower concentrations of gases) 
proved more challenging to detect consistently. These 
events are crucial because they represent early signs of 
insulation damage that could evolve into more severe 
issues. Enhancing the system's sensitivity for detecting 
these minor events would further improve its utility, 
especially for preventive maintenance strategies. 
Future research could focus on improving detection 
algorithms that are better equipped to identify subtle 
patterns in gas concentration changes associated with 
low-level PD. 

Potential Improvements and Future Work: 

To enhance the accuracy, reliability, and applicability 
of the system, several improvements and future 
research directions are suggested: 

1. Advanced Sensor Technology: 

New developments in sensor technology, such as 
nano-material sensors or optical gas sensing 
techniques, could improve the sensitivity and 
specificity of the system. These advanced sensors may 
offer lower detection limits, higher selectivity, and 
reduced susceptibility to environmental interference, 
addressing some of the challenges faced with 
traditional sensors. 

2. Data Fusion and Machine Learning: 

To improve the detection of low-level PD and further 
enhance system accuracy, data fusion techniques 
could be employed. By combining gas sensor data with 
additional diagnostic information (e.g., electrical 
parameters, temperature, and humidity), the system 
could build a more comprehensive understanding of 
the equipment’s condition. Machine learning 
algorithms, including deep learning approaches, could 
be trained on large datasets to recognize complex 
patterns in gas concentration changes, providing even 
more reliable early warning signals for PD. 

3. Integration with Other Monitoring Systems: 

The gas detection system can be further improved by 
integrating it with other condition-monitoring systems, 
such as acoustic sensors or partial discharge detectors 
based on electrical signals. A multi-sensor approach 
would offer a more holistic view of the equipment's 
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health, improving the accuracy and reliability of fault 
detection. 

4. Field Testing and Validation: 

While the system has been tested in a controlled 
laboratory setting and on-site in substations, further 
extensive field trials should be conducted across a 
variety of switchgear models and operational 
conditions. This would help validate the system’s 
performance across different environments and 
ensure that it can handle real-world complexities, 
including fluctuating environmental factors and varied 
switchgear designs. 

5. Real-Time Data Analytics and Decision 
Support: 

Integrating the gas detection system into a broader 
real-time analytics platform can provide operators 
with immediate insights and decision support. The 
platform could incorporate predictive algorithms to 
estimate the remaining useful life of insulation, 
suggesting the optimal timing for maintenance or 
replacement. This would enhance the overall asset 
management strategy for electrical utilities. 

In conclusion, this study demonstrates the feasibility of 
using a gas-based detection system for online 
monitoring of partial discharge in air-insulated 
switchgear. The system showed high potential for 
providing real-time, non-invasive monitoring of 
insulation health, offering a significant advantage over 
traditional methods. The ability to detect PD early 
through characteristic gases such as acetylene, 
methane, and ethylene can improve maintenance 
schedules, prevent catastrophic failures, and enhance 
the reliability of electrical infrastructure. Despite some 
challenges related to sensor sensitivity and 
environmental factors, the system holds great promise 
for widespread adoption in the monitoring of power 
equipment. Future advancements in sensor 
technology, machine learning, and data analytics are 
expected to further enhance its capabilities and 
applicability across different power systems. 

The results of this study demonstrate the feasibility 
and effectiveness of online monitoring of PD in air 
switchgear using characteristic gases. The detection 
system proved to be highly sensitive to both low-
energy and high-energy PD events, providing early 
warnings of insulation degradation. The system’s 
ability to detect specific gases like acetylene, methane, 
and ethylene allowed for accurate identification of PD 
events, even under varying operational conditions. 

One of the key advantages of this method is its non-
invasive nature, allowing for continuous, real-time 
monitoring of insulation health without requiring 

shutdowns or invasive testing procedures. This makes 
the system ideal for integration into existing substation 
infrastructure, offering a cost-effective and efficient 
solution for preventive maintenance. 

However, challenges remain in improving the system’s 
sensitivity to very low-level PD events, which may 
require further refinement of the gas sensors and data 
processing algorithms. Additionally, environmental 
factors such as temperature, humidity, and 
background gas interference could affect the accuracy 
of the system, and these factors will need to be 
considered in future studies. 

CONCLUSION 

This research presents an innovative method for online 
monitoring of partial discharge in air-insulated 
switchgear based on characteristic gases. The 
proposed system demonstrates high sensitivity and 
accuracy in detecting PD events, offering a reliable tool 
for the early detection of insulation defects. By 
providing real-time data on PD levels, the system can 
help prevent equipment failure, improve maintenance 
schedules, and enhance the overall reliability of 
electrical power systems. Further improvements in 
sensor technology and data processing algorithms will 
continue to enhance the system’s performance and 
applicability in industrial settings. 
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