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• Finite element method – numerical procedure for solving a continuum mechanics 
problem with acceptable accuracy.

• Subdivide a large problem into small elements connected by nodes.

FEA Theory

• FEM by minimizing the total potential energy of the system to obtain primary 
unknowns - the temperatures, stresses, flows, or other desired 



Equilibrium  : Minimum of Potential energy

(Assume 1D problem : x axis)

FEA example for spring

𝜕Π

𝜕𝑥
= 0

Π = 𝑠𝑡𝑟𝑎𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 − 𝑤𝑜𝑟𝑘 =
1

2
𝜎𝜀 − 𝐹𝑥

For a spring,

Π =
1

2
𝑘𝑥2 − 𝐹𝑥 ,      

𝜕Π

𝜕𝑥
= 𝑘𝑥 − 𝐹 = 0

𝑭 = 𝒌𝒙



FEA Presentation

General FEA formula

The total potential energy can be expressed as: 

The total potential energy of the discretized individual element:

O gives: F= K u, where K is stiffness Matrix, [K].



Simple Hook’s law

FEA Solution

[F] = [K]·[u]

[u] = [K]-1·[F]



System stiffness matrix : 1D example 

Global stiffness matrix = 3 x 3

1 2 3

Element stiffness matrix = 2 x 2 =
𝑘 −𝑘
−𝑘 𝑘

x1 x2
x3



How to build the stiffness matrix

Global stiffness 
matrix = 3 x 3

1 2 3

x1 x2
x3

𝑘1 −𝑘1 0
−𝑘1 𝑘1 + 𝑘2 −𝑘2
0 −𝑘2 𝑘2

Shared node!!

k1 k2



Boundary condition

B.C and solve

1 2 3

x1 x2
x3

0
𝑥2
𝑥3

=

𝑘1 −𝑘1 0
−𝑘1 𝑘1 + 𝑘2 −𝑘2
0 −𝑘2 𝑘2

−1
0
0
𝑃

Shared node!!

k1 k2

Fixed P
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Nodes – Properties and Characteristics
• Infinitesimally small

• Defined with reference to a global coordinate system
• Typically nodes are defined on the surface and in the interior of the 

component you are modeling
• Form a grid work within component as a result of the mesh

• Typically define the corners of elements
• Where we define loads and boundary conditions
• Location of our results (deformation, stress, etc.)

• Nodes are the byproduct of defining elements

Nodes
“What are they”

A node is simply a coordinate location in space where a DOF (degree of 
freedom) is defined.

Dr. Burge ‘s class note
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Elements – Properties and Characteristics

• Point, 2D and 3D elements

• Define a line (1D), area (2D) or volume (3D) on or within our model

• Dimensions define an “Aspect Ratio”

• A set of elements is know as the “mesh”

• Mesh shape and density is critical to the analysis

• Typically have many options that may be preset for the user

• Elements are typically what we define

Elements
“What are they”

An element is a mathematical relation that defines how a DOF of a node 
relates to the next.

Dr. Burge ‘s class note
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Solid Mesh

• TETRA4 and TETRA10 (4 &10 node 
tetrahedron solid elements) 

Shell Mesh

• SHELL3 and SHELL6 (3 & 6 node thin 
shell elements)

Requires planning and element / 

DOF knowledge

• The element defines the number of 

active DOFs.

TETRA4 & TETRA10 Elements

• 3 translational DOF per node

• 1 DOF per node for thermal

• TETRA4 (linear) TETRA10 (parabolic)

• Supports adaptive “P” method 

SHELL3 & SHELL6  Elements

• 6 DOF per node (3 translational + 3 

rotational )

• 1 DOF per node for thermal

• Membrane and bending capabilities

• Uniform thickness element

• SHELL3 (linear)  SHELL6 (parabolic)

• Supports adaptive “P” method 

SolidWorks Simulation Problems, Pitfalls and Tips

Dr. Burge ‘s class note



4-node tetrahedral mesh



10-node tetrahedral mesh



1. Identify the problem, sketch the structure and loads. 

2. Create the geometry with the FE package solid modeler or a CAD system.

3. Apply material properties.

4. Mesh the model. 

5. Apply boundary conditions (constraints and loads) on the model. 

6. Solve numerical equations. 

7. Evaluate the results.

FEA procedure



Solidworks Simulation example



Solidworks Simulation example

Stress distribution Displacement plot



Equation of motion (assume zero damping) 

Solving the equation

Theoretical background for modal analysis

Eigen value problem



Two mass block connected with a spring
Simple analytic model

Eigen values Eigen functions

where

and

Rigid body motionResonant frequency

Mode shape



Two mass block connected with a spring
Simple analytic model



Target model – Modal frequency analysis



Target model – Modal frequency analysis

4th order mode shape for example








