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Finite Element Analysis in Engineering Training Course

Description

Introduction:

Finite Element Analysis (FEA) is a powerful computational technique used to solve complex
engineering problems that cannot be addressed by traditional analytical methods. This 5-day training
course provides participants with a comprehensive introduction to the principles, methods, and practical
applications of FEA in engineering design and analysis. Participants will learn to use FEA to model and
simulate real-world engineering problems, analyze the behavior of structures and materials, and make
informed design decisions. The course combines theoretical knowledge with hands-on experience,
equipping engineers and designers with the tools to integrate FEA into their engineering workflows.

Objectives:

By the end of this course, participants will:

1. Understand the fundamental principles of Finite Element Analysis (FEA).

Learn how to set up FEA models for structural, thermal, and fluid problems.

Develop the ability to interpret FEA results, including stress, strain, displacement, and thermal
analysis.

Learn the steps involved in pre-processing, solving, and post-processing FEA simulations.

Gain practical experience using popular FEA software to model and solve engineering problems.
Understand the limitations and assumptions of FEA, and how to validate results.

Explore real-world applications of FEA in various engineering disciplines, including mechanical,
civil, and aerospace engineering.
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Who Should Attend:

This course is ideal for engineers and professionals who wish to incorporate FEA into their design and
analysis processes, including:

e Mechanical Engineers

Civil Engineers

Aerospace Engineers

Structural Engineers

Product Designers and Engineers

Students and Graduates seeking to learn FEA for advanced simulation and modeling

Course Outline:
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Day 1: Introduction to Finite Element Analysis (FEA)

e Session 1: Basics of Finite Element Analysis
o What is FEA? History, Development, and Overview
o Key Principles: Discretization, Nodes, Elements, and Mesh
o How FEA Solves Engineering Problems: Numerical vs. Analytical Methods
o Advantages and Limitations of FEA in Engineering Design
e Session 2: FEA Process Overview
o Pre-Processing: Creating the Geometry, Mesh Generation, and Material Properties
o Solving: Applying Boundary Conditions, Loads, and Constraints
o Post-Processing: Interpreting and Validating Results
e Session 3: Types of FEA Simulations
o Structural Analysis: Stress, Strain, and Deformation
o Thermal Analysis: Heat Transfer and Thermal Stresses
o Fluid Dynamics and Multi-Physics Analysis
e Activity: Introduction to FEA Software a?? Setting Up a Simple Structural Model

Day 2: Pre-Processing and Mesh Generation

e Session 1. Geometry Creation and Simplification
o Importing CAD Models and Cleaning Geometry for FEA
o Simplifying Models: Removing Unnecessary Details and Symmetry Considerations
o Meshing Considerations: Types of Elements (1D, 2D, 3D), Element Size, and Element Type
e Session 2: Mesh Generation Techniques
o Automatic vs. Manual Mesh Generation
o Mesh Quality: Aspect Ratio, Skewness, and Element Types
o Mesh Refinement: Convergence Studies and Mesh Sensitivity Analysis
e Session 3: Material Properties and Boundary Conditions
o Assigning Material Properties: Younga??s Modulus, Poissona??s Ratio, Yield Strength, etc.
o Defining Boundary Conditions: Fixed, Rolling, and Symmetry
o Loading Conditions: Point Loads, Pressure, Temperature, and Forces
e Activity: Hands-on Exercise 4?? Creating a Mesh and Applying Boundary Conditions for a
Simple Structural Model

Day 3: Solving FEA Models and Understanding Results

e Session 1. Solving FEA Models

o Overview of Solvers: Direct vs. Iterative Solvers

o Types of FEA Analysis: Linear, Non-Linear, Static, and Dynamic

o Time Step and Convergence Criteria: Understanding the Solution Process
e Session 2: Interpreting FEA Results

o Stress Analysis: Von Mises Stress, Principal Stresses, and Factor of Safety

o Displacement and Strain: Deformation, Strain Energy, and Modal Analysis

o Thermal and Fluid Flow Results: Temperature Distribution, Heat Flux, and Convection
e Session 3: Post-Processing and Visualization Techniques

o Contour Plots, Vector Plots, and Deformed Shape Visualization

Page 2
info@learnifytraining.com +971564620901 www.learnifytraining.com



DUBAI KNOWLEDGE & HUMAN DEVELOPMENT AUTHORITY LICENSE: 632786

Learnify

o Reading and Interpreting FEA Results for Decision Making
o Report Generation and Documentation of Results
e Activity: Hands-on Exercise 4?? Solving and Interpreting Results from a Structural FEA Model

Day 4: Advanced FEA Topics and Applications

e Session 1: Non-Linear FEA
o Types of Non-Linearities: Material Non-Linearity, Geometric Non-Linearity, Contact Non-
Linearity
o Solving Non-Linear Problems: Convergence Issues and lterative Solvers
o Practical Applications: Large Deformations and Plasticity in Materials
e Session 2: Dynamic Analysis
o Modal Analysis: Natural Frequencies and Mode Shapes
o Transient and Steady-State Dynamic Analysis: Vibrations and Shock Loading
o Frequency Response and Harmonic Analysis
e Session 3: Multi-Physics and Coupled Problems
o Thermal-Structural Coupling: Thermal Stresses and Heat-Induced Deformations
o Fluid-Structure Interaction (FSI): Simulating Fluid Flow and Structural Response
o Coupled Electrical, Magnetic, and Mechanical Analysis
e Activity: Hands-on Exercise 4?? Performing a Dynamic and Thermal-Structural Coupled FEA
Analysis

Day 5: Validation, Optimization, and Real-World FEA Applications

e Session 1: Validating FEA Results
o Validation Techniques: Comparison with Analytical Solutions, Experimental Data, and
Benchmark Studies
o Error Estimation: Convergence Study, Mesh Refinement, and Sensitivity Analysis
o Practical Limitations of FEA: Assumptions, Boundary Conditions, and Material Properties
e Session 2: Optimization and Design Sensitivity Analysis
o Introduction to FEA-based Optimization: Shape, Topology, and Parametric Optimization
o Design Sensitivity Analysis: Identifying Critical Parameters and Improving Designs
o Use of FEA in Structural Design and Product Development
e Session 3: Industry Applications and Case Studies
o FEA in Mechanical Engineering: Gearboxes, Pressure Vessels, and Aerospace
Components
o FEA in Civil Engineering: Bridge Design, Building Frames, and Foundations
o FEA in Automotive, Aerospace, and Consumer Products
e Activity: Case Study a?? Applying FEA to Optimize a Product Design for Performance and
Safety

Course Delivery:

¢ Interactive Lectures: In-depth explanations of FEA principles, techniques, and tools.
e Hands-on Exercises: Participants will use FEA software to create, solve, and interpret models.
e Case Studies: Real-world examples showing how FEA is applied in various industries.
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e Group Discussions: Collaborative problem-solving to enhance understanding and knowledge
sharing.
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