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1. Introduction

Nonlinear analysis with FEM is essential for high-voltage systems to provide an adequate model of
gaseous dielectrics such as SFs and its substitutes. These materials are used extensively due to their
excellent insulating characteristics, and accurate nonlinear analysis guarantees the protection of
electrical equipment.

2. Mathematical Structure

Nonlinear analysis is crucial in FEM for high-voltage systems and modelling of gaseous dielectrics
such as SFs and environment-friendly gases under conditions of Nonlinear electric field. These
dielectrics with high dielectric strength and insulating ability show the nonlinear dielectric constant
with the change in field strength. Sophisticated computation methods provide accurate field
distribution calculations, thus protecting equipment integrity and personnel safety. It does so in
response to issues in computational complexity and material characterization to advance sustainable
electrical insulation technologies.

o FEM nonlinear analysis guarantees an accurate representation of gaseous dielectrics such as
SFs and its replacements under complicated electric field conditions. Gaseous dielectrics have
nonlinear permittivity, meaning field distribution can be calculated only using sophisticated
numerical methods.

o FEM helps in improving the reliability and safety of high-voltage equipment by considering
insulation characteristics under nonlinear conditions. This analysis addresses issues like
computational load and characterization of materials, thereby contributing to the development of
green insulation systems—electric field conditions.

o Gaseous dielectrics exhibit nonlinear permittivity, requiring advanced numerical techniques
for precise field distribution analysis.
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o FEM enhances the reliability and safety of high-voltage equipment by addressing insulation
performance under nonlinear conditions.

o This analysis tackles challenges such as computational demands and material characterization,
advancing sustainable insulation technologies.

3. Methods Of Nonlinear Analysis Iterative Solution Techniques

Nonlinear FEM is achieved by the solution of the algebraic equations that originate from the material
behaviour notebook. Since this study, it is difficult to arrive at precise solutions, the Newton-
Raphson technique is often used to derive the solutions. These methods can deal with the nonlinearity
because the approximations can be enhanced in these successive iterations.

Piecewise Linearization

It is challenging to compute the nonlinear permittivity, e(E), approximated using a set of linear line
segments. However, this method retains some nonlinear properties and is more convenient. They
make it possible to accomplish several operations much faster than with conventional methods and
with considerable reduction in accuracy, if any.

Adaptive Mesh Refinement

Critical areas require higher field gradients to be computed using a finer grid size for accuracy. Local
refinement methods distort the mesh, making the refinement field contracted towards density
regions. It ensures that localized nonlinear phenomena are well modelled within a framework of the
developed AFM.

Combining Techniques for Efficiency

It proves that iterative solvers, linearization, and mesh refinement improve FEM computation
outcomes. These approaches speak to aspects of nonlinearity, control of computation, and model
accuracy. These are necessary for correct nonlinear dielectric response characterization.

4, Real Time Application

Nonlinear FEM analysis of gaseous dielectrics is applied in various high-voltage equipment:

. Gas-Insulated Switchgear (GIS): Enables the best design and operation of the device by
effectively simulating the electric field distribution inside the insulating gas.

. Circuit Breakers: Estimate dielectric breakdown and arc characteristics during switching
operations, thus increasing reliability.

. Transformers: Evaluate insulation conditions during operation, thereby avoiding failures.

5. Challenges and Future Trends Challenges in this field

. Complex Material Behaviour: Modelling gaseous dielectrics' nonlinear and time-dependent

characteristics is still challenging.

. Computational Demands: Three-dimensional simulations, in particular, demand substantial
computational power because of high fidelity.
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Validation of Models: Verification of simulation results by experimentation is always

necessary, although it may be pretty challenging because of the conditions that need to be created.

Future trends focus

Alternative Dielectrics: Efforts are being made to find better and more efficient green

insulating gases, including Butane nitrile(CsF7N) and Nitrogen(N2).

Advanced Computational Techniques: Algorithm improvement and the use of high-end

computing to solve simulation problems.

Integration with Machine Learning: Machine learning is used to predict dielectric breakdown

and improve designs.

6.

Conclusion

Nonlinear analysis of gaseous dielectrics is a crucial tool for understanding their behaviour under
high electric field strengths. The Finite Element Method (FEM) is widely used to solve the nonlinear
partial differential equations that describe the behaviour of gaseous dielectrics. Real-time
applications of nonlinear analysis include high-voltage insulation, electrical discharge, and gas-
insulated switchgear. Challenges and future trends in nonlinear analysis of gaseous dielectrics are also
discussed.

Refrences

[1]
[2]
[3]

[4]

[5]

[6]

https://internationalpubls.com

Abbes Benaissa, X. Zhang ,(2022). Nonlinear Analysis of Heat Transfer in Materials, Communications on Applied
Nonlinear Analysis, Vol 29No. 3(2022),

Mohammad Derhab,(2023).Chaos and Bifurcation analysis in Electrical Circuits,
CommunicationsonAppliedNonlinearAnalysis,VVol30N0.1(2023),DOI: https://doi.org/10.5278 3/cana.v30.3

Nakane, R., Hayakawa, N., & Okubo, H. (2021). Time and space transition of DC electric field distribution based on
emerging field by accumulated charge in gas-solid composite insulation structure. IEEE Transactions on Dielectrics
and Electrical Insulation, 28(2), 440-447, DOI:10.1109/TDEI.2020.009189.

Sun, J., Fan, Y., Qiu, W., Song, S., Tan, X,, Tian, Y., ... & Wu, N. (2023). Applicability of the acoustic—electrical
joint detection method to identify defects in gas insulated system. IET Science, Measurement & Technology.
https://doi.org/10.1049/smt2.12138

Hu, Q., Li, Q., Liu, Z., Xue, N., Wang, J., & Haddad, M. (2023). Surface charge accumulation characteristics on DC
GIL three-post insulators considering the influence of temperature gradient. CSEE Journal of Power and Energy
Systems. DOI: 10.17775/CSEEJPES.2021.09240

Jianyu Hu, Zhonghua Li, Zuhui Li,(2023). Research on the Solution Method of Nonlinear Dielectric Equivalent
Circuit Parameters Based on Particle Swarm Algorithm Improved by Genetic Algorithm, 2023 IEEE 4th
International  Conference on  Electrical Materials and Power  Equipment (ICEMPE), DOI:
10.1109/ICEMPE57831.2023.10139342

252


https://doi.org/10.52783/cana.v30.3
https://doi.org/10.52783/cana.v30.3
http://dx.doi.org/10.1109/TDEI.2020.009189
https://doi.org/10.1049/smt2.12138
https://doi.org/10.17775/CSEEJPES.2021.09240
https://ieeexplore.ieee.org/author/37088658386
https://ieeexplore.ieee.org/author/37597739000
https://ieeexplore.ieee.org/author/37089866756
https://ieeexplore.ieee.org/xpl/conhome/10139313/proceeding
https://ieeexplore.ieee.org/xpl/conhome/10139313/proceeding
https://ieeexplore.ieee.org/xpl/conhome/10139313/proceeding
https://doi.org/10.1109/ICEMPE57831.2023.10139342

