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Preface

The Finite Element Method (FEM) software is widely used in both 
academia and industry nowadays. As users work with these tools to analyze and 
design scientific and engineering problems, they often start wanting to understand 
the calculations occurring inside the software. This helps them gain confidence in 
the accuracy of the results displayed as colorful visualizations on their computer 
screens.

This "Finite Element Handbook" provides a clear and easy-to-understand 
overview of the Finite Element Method. It begins with the essential fundamentals 
of FEM, including the necessary mathematics and numerical methods. The book 
then explains how FEM works to analyze different types of problems, such as 
structural analysis, heat transfer, and fluid flow, both steady and unsteady, linear 
and nonlinear. It also highlights important considerations when using FEM to 
ensure accurate and reliable results while minimizing computation time.

The author would like to express gratitude to Chulalongkorn University 
Press for their support in publishing and distributing this handbook in both Thai 
and English versions.

Pramote Dechaumphai
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Introduction to FEM  
 

 

1.1 What is FEM? 
The Finite Element Method (FEM) is a powerful numerical technique used 

to solve complex problems in engineering and science. It provides a way to model 
and analyze systems that are too complicated to solve with traditional analytical 
methods. 

1.1.1  Key Concepts 
FEM is a numerical method that transforms a large, complicated problem 

into smaller, simpler pieces called finite elements. These elements are connected at 
points called nodes. FEM is primarily used to approximate solutions to problems 
involving: 

 Structural mechanics 
 Heat transfer 
 Fluid dynamics 
 Electromagnetic fields 
 Etc. 

 
 



4  Finite Element Handbook 

1.1.2  How FEM Works 
a) Discretization: The system or structure is divided into a mesh of smaller 

elements, allowing complex geometries and behaviors to be represented 
more easily. 

b) Mathematical Modeling: Each element is described by mathematical 
equations based on physics or engineering principles (e.g., equilibrium, 
conservation laws). 

c) Assembly: The individual equations for all elements are assembled into 
a larger system of equations representing the entire model. 

d) Solution: The resulting system of equations is solved, often using 
computers, to determine values like displacement, temperature, or 
pressure at various points. 

1.1.3  Why FEM is Important 
a) Versatility: FEM can handle complex geometries, material properties, 

and boundary conditions that are difficult to analyze otherwise. 
b) Accuracy: By refining the mesh (increasing the number of elements), 

solutions become more accurate. 
c) Wide Applicability: FEM is used in various fields such as aerospace, 

automotive, civil engineering, biomedical engineering, and energy. 

1.1.4  A Real-Life Example 
One example of FEM in action is its use in designing the space shuttle wing. 

Engineers simulate stresses and strains on the wings under different flight 
conditions to ensure safety and performance. 
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1.2   Real-world Applications of FEM 
FEM is a versatile tool widely used in engineering and science to solve real-

world problems. Its ability to simulate physical phenomena with precision has made 
it indispensable across various industries. 

 
1.2.1  Applications by Field 
a) Aerospace Engineering 

 Aircraft Design:  FEM is used to analyze the stresses and deforma-
tions in aircraft wings, fuselages, and landing gears. 

 Space Exploration: Structural analysis of satellites and spacecraft 
under extreme conditions like vacuum and high temperatures. 

 Vibration Analysis: Ensuring aircraft safety by studying natural 
frequencies and mode shapes of components. 

b) Automotive Industry 
 Crash Testing: Simulating car crashes to improve passenger safety 

and optimize energy absorption. 
 Thermal Analysis: Studying heat dissipation in engines, brakes, and 

exhaust systems. 
 Design Optimization: Developing lightweight yet durable car frames 

and components to enhance performance. 
c) Civil Engineering 

 Building Design: FEM helps in evaluating structural integrity under 
loads like wind, earthquakes, and snow. 

 Bridge Engineering: Simulating stress and strain distributions in 
bridges to ensure safety and durability. 

 Geotechnical Analysis: Modeling soil-structure interaction to assess 
foundation stability. 

d) Biomedical Engineering 
 Prosthetics and Implants: Designing and testing artificial joints, 

dental implants, and other prosthetics for performance and durability. 
 Tissue Engineering: Simulating mechanical behavior of soft tissues 

under different conditions. 
 Medical Devices: Optimizing the design of stents, catheters, and 

surgical tools. 
e) Energy Sector 

 Wind Turbines: Evaluating blade performance under aerodynamic 
and structural loads. 
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