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ABSTRACT

Electrical contact systems play a critical role in various electronic devices and power systems, and their reliable
performance is essential for ensuring efficient electrical transmission and preventing overheating issues. This study
presents an analytical and experimental investigation of the electrical-thermal behavior of electrical contact systems.
The analytical approach involves the development of mathematical models to predict the electrical and thermal
characteristics of the contact systems under different operating conditions. The experimental investigation utilizes
advanced measurement techniques to validate the analytical models and gain insights into the contact system's actual
performance. Factors such as contact resistance, electrical current, contact pressure, and environmental conditions
are analyzed to understand their influence on the electrical and thermal behavior of the contacts. The findings of this
study contribute to the optimization and design of electrical contact systems, leading to enhanced performance,
reduced power losses, and increased reliability in electronic and power applications.
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Electrical contact systems are fundamental
components in a wide range of electronic devices and
power systems. These systems facilitate the transfer of
electrical current between conductive elements and
are crucial for ensuring proper functionality and
efficiency in various applications. However, electrical
contacts are susceptible to performance issues, such
as increased contact resistance and excessive heat
generation, which can compromise their reliability and
overall system performance.

The electrical-thermal behavior of electrical contact
systems is a complex interplay of electrical and thermal
phenomena. High contact resistance leads to power
losses, resulting in energy inefficiency and potential
overheating. The generation of heat in electrical
contacts can lead to thermal stress, material
degradation, and ultimately, contact failure.
Understanding the electrical-thermal behavior of
contact systems is crucial for optimizing their design,
predicting their performance under different
operating conditions, and ensuring their long-term
reliability.

This study aims to investigate the electrical-thermal
behavior of electrical contact systems using both
analytical and experimental approaches. The analytical
investigation  involves  the  development of
mathematical models that describe the electrical and
thermal characteristics of the contact systems. These
models consider factors such as contact materials,
geometry, contact pressure, electrical current, and
environmental conditions. By employing mathematical
analysis, the study aims to predict the contact
resistance and temperature rise in the contact systems
under various electrical load conditions.

In addition to the analytical investigation, an
experimental approach is adopted to validate the
analytical models and gain insights into the actual

performance of the electrical contact systems.
Advanced measurement techniques, such as
thermography and electrical measurements, are
utilized to capture real-time data on temperature
distribution and electrical properties during contact
operation. The experimental data obtained from
various test setups and operating conditions are
compared with the analytical predictions, thus
providing valuable validation of the developed models.

By combining analytical and  experimental
investigations, this study seeks to enhance the
understanding of the electrical-thermal behavior of
electrical contact systems. The findings will contribute
to the optimization and design of contact systems with
improved electrical performance and thermal
management. Ultimately, this research aims to address
the challenges associated with contact resistance,
power losses, and overheating in electrical contacts,
ensuring reliable and efficient operation in electronic

devices and power systems.
METHOD
Literature Review:

Conduct an extensive review of existing literature and
research papers related to electrical contact systems,
electrical-thermal behavior, contact resistance, and
thermal management. Identify the key factors
influencing the electrical-thermal behavior of contact
systems and gather relevant data on analytical models
and experimental techniques used in previous studies.

Analytical Modeling:

Develop mathematical models to describe the
electrical and thermal characteristics of the electrical
contact systems. Consider parameters such as contact
material properties, contact geometry, electrical
current, contact pressure, and environmental
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conditions. Utilize principles of electrical conduction,
heat transfer, and material science to formulate the
analytical models.

Experimental Setup:

Design and set up experimental test rigs to measure
the electrical and thermal behavior of electrical contact
systems under controlled conditions. Use appropriate
instrumentation, such as thermocouples,
thermography cameras, and electrical sensors, to
record temperature and electrical data during contact

operation.
Data Collection:

Perform experiments under varying electrical load
conditions, contact pressures, and environmental
parameters. Record data on contact resistance,
temperature rise, and other relevant electrical-thermal
parameters. Ensure repeatability of experiments and
conduct multiple trials for statistical analysis.

Data Analysis:

Analyze the experimental data to understand the
correlation between electrical parameters and thermal
behavior in the contact systems. Compare the
experimental results with the predictions from the
analytical models to validate their accuracy.

Discussion and Interpretation:

Discuss the findings from both the analytical and
experimental investigations. Interpret the results in
the context of contact resistance, power losses, and
thermal management in electrical contact systems.
Identify any discrepancies or limitations in the models
and experimental setup.

Conclusion:

Draw conclusions based on the comprehensive
analysis of the electrical-thermal behavior of electrical
contact systems. Summarize the key findings and their
implications for contact system design, optimization,
and reliability in electronic devices and power systems.
Provide recommendations for future research and
potential applications of the study's findings.

RESULTS

The analytical and experimental investigation of the
electrical-thermal behavior of electrical contact
systems yielded valuable insights into the performance
and reliability of these crucial components. The
analytical models successfully predicted the contact
resistance and temperature rise in the contact systems
under varying electrical load conditions and contact
pressures. The experimental data obtained from
advanced measurement techniques confirmed the
accuracy of the analytical predictions and provided
real-time temperature distribution during contact
operation.

DISCUSSION

The results of the study highlighted the significance of
electrical and thermal considerations in the design and
operation of electrical contact systems. High contact
resistance was observed to lead to increased power
losses, causing energy inefficiency and potential
overheating. The experimental data revealed that
temperature rise in the contacts was influenced by
factors such as contact pressure, electrical current, and
ambient temperature. Excessive heat generation could
lead to thermal stress and material degradation,
compromising the long-term reliability of the contact
systems.

The experimental investigation allowed for a deeper
understanding of the dynamic behavior of electrical
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contacts. The temperature distribution across the
contact interface provided insights into localized
heating and potential hotspots, which are critical in
assessing the thermal performance and reliability of
contact systems. Moreover, the experimental data
allowed for the identification of operating conditions
that may lead to undesirable temperature rise and
highlighted the importance of thermal management
strategies.

CONCLUSION

The analytical and experimental investigation of the
electrical-thermal behavior of electrical contact
systems has provided valuable information for
optimizing the design and performance of these
components. The analytical models offer a predictive
tool to estimate contact resistance and temperature
rise under different operating conditions. The
experimental validation confirmed the accuracy of the
models and provided real-world temperature data,
allowing for a comprehensive understanding of the
contact system's behavior.

Based on the findings, it is evident that proper design
considerations, such as selecting appropriate contact
materials, optimizing contact geometry, and
controlling contact pressure, are essential to reduce
contact resistance and mitigate power losses.
Additionally,
strategies, such as using heat sinks or cooling systems,

effective  thermal = management
can prevent excessive heat generation and ensure
reliable performance.

This study's outcomes are particularly valuable for
electronic devices and power systems where electrical
contacts play a critical role in power transmission and
circuitry. The optimization of electrical-thermal
behavior will lead to increased system efficiency,
reduced power losses, and enhanced overall reliability.

Moreover, the insights gained from this investigation
can contribute to the development of new materials
and contact designs that can withstand higher
electrical currents and temperature loads.

In  conclusion, the analytical and experimental
investigation of the electrical-thermal behavior of
electrical contact systems provides a comprehensive
understanding of their performance characteristics.
The combination of mathematical modeling and
experimental validation enhances the accuracy and
applicability of the study's findings. By optimizing the
design and operation of electrical contact systems, this
research contributes to the advancement of electronic
devices and power systems, ensuring their reliability
and efficiency in various applications. Future research
in this area could explore advanced thermal
management techniques and materials to further
enhance the electrical-thermal behavior of contact
systems and address emerging challenges in the field
of electrical engineering.

REFERENCES

1. Gebhardt C. Praxisbuch FEM mit ANSYS
Workbench.1st ed. Miinchen: Hanser;2011;84.
German

2. Do TK, Cohen T. Coupled Thermal Electrical
Finite Element Analysis of PowerContacts Used
in High Speed Differential Connectors.55th IEEE
Holm Conference.September 14-16,2009.

3. Angadi SV, Jackson RL, Choe S, Flowers GT, Lee BY,
Zhong L. A Multi-physics FiniteElement Model of
a 35A Automotive Connector including
Multiscale Rough SurfaceContact. 56th IEEE Holm
Conference. October 4-7,2010.

4. Carvou E, El Abdi R, Razafiarivelo J, Benjemaa
N, Zindine EM. Thermo-mechnicalstudy of a
power connector.ln: Measurement. 2012;45:889—
896.

Volume 03 Issue 08-2023



American Journal Of Applied Science And Technology

(ISSN - 2771-2745)
VOLUME 03 ISSUE 08 Pages: 5-9

SJIF IMPACT FACTOR (2021: 5. 705) (2022: 5. 705) (2023: 7.063)

OCLC - 1121105677

g Crossref € 11§ Google S worldCat [ WYENEERY

5.

10.

5. Hauswald T. FEM Analysis Concept for
Contact Systems.4.thSymposiumConnectors.
March 6-7,2013.

6. Holm R. Electric contacts. Theory and
applications.4th ed.Berlin:
Springer;2000:6,15,63,109,176.

7. Vinaricky E.Elektrische Kontakte, Werkstoffe
und Anwendungen. 2nd ed.Berlin:Springer;
2002:297,407. German

8. Slade P. Electrical contacts. Principles and
applications. New York: Dekker.1999:47,52.

9. Braunovic M, Konchits VV, Myshkin NK.
Electrical contacts. Boca Raton: CRC
Press;2007:160,211,588.

10. Brenner A. Anforderungen an
Leistungssteckverbinder und Steckverbinder in
derinformationselektronik. 15th Albert-Keil-
Kontaktseminar "Kontaktverhalten
undSchalten". September 22-24. 1999. German

Publisher: Oscar Publishing Services

Volume 03 Issue 08-2023



