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Abstract 
In the realm of composite materials, the integration of natural fibers offers a promising avenue for 

sustainable engineering solutions. However, accurate modeling and analysis of these natural fiber 

composites present complex challenges. This hypothetical full-length article explores the innovative 

application of a self-refreshing finite element analysis (FEA) model to enhance the predictive 

capabilities of natural fiber composite behavior. We delve into the intricacies of natural fiber 

composites, discuss the limitations of conventional FEA, and present a self-updating FEA model as a 

solution. Through a detailed examination of case studies, we demonstrate how this model can 

significantly improve the accuracy and efficiency of analyzing natural fiber composites for diverse 

engineering applications. 
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Introduction 
Composite materials have revolutionized engineering applications by combining the 

strengths of different constituent materials to achieve desired performance characteristics. In 

recent years, the use of natural fibers as reinforcement in composites has gained substantial 

attention due to their eco-friendly and sustainable nature. However, accurately predicting the 

mechanical behavior of these natural fiber composites remains a complex task, primarily due 

to the inherent variability and anisotropy associated with natural fibers. Traditional finite 

element analysis (FEA) has been the cornerstone of composite modeling, but it often falls 

short when applied to natural fiber composites. The inherent variability in natural fibers, 

their complex microstructures, and the evolving nature of composite materials pose 

significant challenges for conventional FEA models. This article introduces an innovative 

approach – the utilization of a self-refreshing FEA model – to address these challenges and 

advance the accuracy of natural fiber composite analysis. 

 

Objectives of the Paper 

The primary objectives of this paper are as follows: 

To introduce the concept of a self-refreshing finite element analysis (FEA) model for natural 

fiber composites. 

 

Methodology 

Model Development: The study involves the development of the self-refreshing finite 

element analysis (FEA) model, which incorporates real-time data integration and dynamic 

adaptation to capture the behavior of natural fiber composites. 

 

Data Collection: Real-time data collected from sensors is embedded within the natural fiber 

composite to provide input to a self-refreshing FEA model. 

 

Data Analysis: Data obtained from mechanical testing, dynamic data refresh rates, and case 

studies were analyzed to assess the accuracy and practical utility of the self-refreshing FEA 

model. 

 

Result and Discussion 

Table 1 provides mechanical properties data for different natural fiber composites, including 

tensile strength, modulus of elasticity, and fracture toughness. This data is crucial for 

understanding the baseline properties of these composites. 
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The tensile strength values for various fiber types, including 

jute, flax, hemp, kenaf, and coir, range from 105 MPa to 

120 MPa. This demonstrates the diverse strength 

characteristics of different natural fibers. The modulus of 

elasticity values varies between 4.3 GPa and 5.2 GPa. These 

values indicate the stiffness of the composites and their 

ability to withstand deformation under load. 

 

Table 1: Mechanical Properties of Natural Fiber Composites 
 

Sample ID Fiber Type Tensile Strength (MPa) Modulus of Elasticity (GPa) Fracture Toughness (MPa·m^0.5) 

1 Jute 110 4.5 2.2 

2 Flax 120 5.2 2.4 

3 Hemp 115 4.8 2.3 

4 Kenaf 112 4.6 2.1 

5 Coir 105 4.3 2.0 

Note: These values represent the mechanical properties of natural fiber composites, including tensile strength, modulus of elasticity, and 

fracture toughness, for different fiber types 

 
Table 2: Dynamic Data Refresh Rates 

 

Fiber Composite Type Refresh Interval (s) Sensor Locations 

Jute Composite 10 Multiple points 

Flax Composite 8 Multiple points 

Hemp Composite 12 Multiple points 

Kenaf Composite 9 Multiple points 

Coir Composite 11 Multiple points 

Note: This table presents the dynamic data refresh rates for different natural fiber composite types, indicating how frequently real-time data 

is collected and updated within the self-refreshing FEA model 

 
Table 3: Case Study Results - Automotive Component 

 

Component Type Predicted Deformation (mm) Actual Deformation (mm) 

Dashboard Reinforcement 0.25 0.24 

Door Panel Insert 0.18 0.19 

Interior Trim Bracket 0.31 0.32 

Seat Back Frame 0.28 0.29 

Note: This table presents the results of a case study involving natural fiber composite components used in automotive applications. It 

compares the predicted deformation using the self-refreshing FEA model with the actual deformation observed in physical tests 
 

Fracture toughness values range from 2.0 MPa·m^0.5 to 2.4 

MPa·m^0.5, representing the composites' resistance to crack 

propagation. Higher fracture toughness values indicate 

better resistance to fracture. 

Table 2 provides information on the dynamic data refresh 

rates for different natural fiber composites within the self-

refreshing FEA model. The refresh intervals range from 8 

seconds to 12 seconds, depending on the composite type. 

Shorter intervals indicate more frequent real-time data 

updates. Data is collected from multiple sensor locations 

within each composite, allowing for a comprehensive 

understanding of the material's behavior. 

Table 3 presents the results of a case study involving natural 

fiber composite components used in automotive 

applications. Different automotive components, including 

dashboard reinforcement, door panel insert, interior trim 

bracket, and seat back frame, were analyzed. The table 

compares the predicted deformation (in millimeters) 

calculated by the self-refreshing FEA model with the actual 

deformation observed in physical tests. The close alignment 

between predicted and actual values indicates the accuracy 

of the model. 

 

Conclusion 

In conclusion, the self-refreshing FEA model offers a 

dynamic and accurate approach to modeling natural fiber 

composites. It addresses the complexities of these materials 

and enhances predictive capabilities through real-time data 

integration. The model's validation in case studies 

demonstrates its practical utility in accurately predicting 

deformation. Its application not only improves accuracy but 

also supports sustainable engineering practices. This 

transformative tool has the potential to drive innovation and 

promote the use of natural fiber composites in various 

industries. Further research and development in this field are 

vital to maximize its benefits and shape the future of 

composite material analysis. 
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