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Finite Element Analysis (FEA)

Snippet from Wikipedia: Finite element method

Finite element method (FEM) is a popular method for numerically solving differential
equations arising in engineering and mathematical modeling. Typical problem areas of
interest include the traditional fields of structural analysis, heat transfer, fluid flow, mass
transport, and electromagnetic potential. Computers are usually used to perform the
calculations required. With high-speed supercomputers, better solutions can be achieved and
are often required to solve the largest and most complex problems.

FEM is a general numerical method for solving partial differential equations in two- or three-
space variables (i.e., some boundary value problems). There are also studies about using
FEM to solve high-dimensional problems. To solve a problem, FEM subdivides a large system
into smaller, simpler parts called finite elements. This is achieved by a particular space
discretization in the space dimensions, which is implemented by the construction of a mesh
of the object: the numerical domain for the solution that has a finite number of points. FEM
formulation of a boundary value problem finally results in a system of algebraic equations.
The method approximates the unknown function over the domain. The simple equations that
model these finite elements are then assembled into a larger system of equations that
models the entire problem. FEM then approximates a solution by minimizing an associated
error function via the calculus of variations.

Studying or analyzing a phenomenon with FEM is often referred to as finite element
analysis (FEA).
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FEA Theory and Fundamentals

Introduction to the Finite Element Method (FEM)
Stiffness Matrix and Degrees of Freedom (DOF)
Shape Functions and Interpolation

Mesh Convergence, Error Analysis, and Verification

ANSYS APDL (Parametric Design Language)

APDL Basics and Geometry

e APDL Interface (GUI), Command Logic, and File Structure (.db, .rst, .mac)
e Geometry Modeling: Keypoints, Lines, Areas, Volumes, and Boolean Operations
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Elements, Materials, and Meshing

e Element Types (BEAM, SHELL, SOLID) and Real Constants
e Material Models (Linear Elastic, Hyperelastic, Plasticity)
e Meshing: Mapped/Free Mesh, Size Control, and Sweep

Loads, Solution, and Postprocessing

e Boundary Conditions (DOF) and Loads (Force, Pressure, Thermal, Body Loads)
e Solution Phase: Static, Modal, Transient, Harmonic
e Postprocessing (POST1 / POST26): Contour Plots and Data Extraction

APDL Programming (Scripting)
e Variables, *GET Command, Loops (*DO), and Macro (.mac) Writing
Case Studies

» Seat Belt Analysis

ANSYS Mechanical (Workbench)

e Workbench Interface, Engineering Data, and Geometry Links

e Linear Static Analysis Setup and Solution

e Contact Mechanics: Bonded, Frictional, No Separation

Modal Analysis and Vibration Characteristics

Steady-State and Transient Thermal Analyses

Fatigue Analysis: S-N Curves and Life Calculation

Running APDL Codes within Workbench using Command Snippets

Advanced Analyses and Special Topics

e Non-linear Analyses (Geometric, Material, and Contact Non-linearities)
e Explicit Dynamics: Crash, Blast, and Drop Tests (LS-DYNA/Autodyn)

» Topology Optimization and Weight Reduction Strategies

e Submodeling: Accurate Stress Analysis in Localized Regions
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