&

Introduction to Finite Element Analysis

1.1 Methods Solve any Engineering Problem 1.2 Procedure for Solving any Analytical or
Numerical Problem 1.3 Brief Introduction to Different Numerical Methods 1.4 What is DOF
1.5 Why do we Carry Out Meshing, What is FEM 1.6 Advantages of FEA 1.7 Design Cycles 1.8
Absolute vs. Relative Design 1.9 Is FEA a Replacement for Costly and Time Consuming Testing

Past, Present and Future of FEA
2.1 History of Finite Element Method 2.2 Present 2.3 Theoretical Finite Element Analysis
2.4 Software Based FEM 2.5 Practical Applications of FEA 2.6 Failure Analysis 2.7 Future of
FEA

Types of Analyses (Brief Introduction)
3.1 Linear Static Analysis 3.2 Non Linear Analysis 3.3 Dynamic Analysis 3.4 Linear Buckling
Analysis 3.5 Thermal Analysis 3.6 Fatigue analysis 3.7 Optimization 3.8 Computational Fluid
Dynamics 3.9 Crash Analysis 3.10 Noise Vibration and Harshness, NVH

Basics of Statics and Strength of Materials
4.1 What is Stress 4.2 Types of Stress 4.3 Types of Forces 4.4 Types of Moments 4.5 Uniaxial
Stress 4.6 Bi-axial Stress 4.7 Tri-axial Stress 4.8 What is “1” Area Moment of Inertia and “J" Polar
Moment of Inertia

Introduction to Meshing

5.1 Why do We Carry Out Meshing 5.2 Types of Elements 5.3 How to Decide Element Type
5.4 Can We Solve Same Problem Using 1-d, 2-d, 3-d Elements 5.5 How to Decide Element
Length 5.6 How to Start Meshing 5.7 Meshing Techniques 5.8 Meshing in Critical Areas
5.9 Mesh Display Options

1-D Meshing

6.1 When to Use 1-d Elements 6.2 Stiffness Matrix Derivation 6.3 Stiffness Matrix- Assembly of
Two Rod Elements 6.4 Beam Element 6.5 Special Features of Beam Elements

2-D Meshing

7.1 When to Use 2-d Elements 7.2 Family of 2-d Elements 7.3 Thin Shell Elements 7.4 Effect
of Mesh Density in the Critical Region 7.5 Effect of Biasing in the Critical Region 7.6 Symmetric
Boundary Conditions 7.7 Different Element Type Options for Shell Meshing 7.8 Geometry
Associative Mesh 7.9 Quality Checks 7.10 Other Checks for 2-d Meshing 7.11 How Not to
Mesh

L
~

63

xiii



8. 3-D Meshing 111

8.1 When to Use 3-d Elements 8.2 DOFs for Solid Elements 8.3 Tetra Meshing Techniques
8.4 Quality Checks for Tetra Meshing 8.5 Other Checks for Tetra Meshing 8.6 Brick Meshing
8.7 Brick Mesh Quality Checks 8.8 Other Checks for Brick Meshing 8.9 How Not to Mesh

9. Special Elements and Special Techniques ) 127
9.1 Connection of Solid Elements with Beams and Shells 9.2 Linear to Parabolic and Brick to
Tetra Connection 9.3 Hybrid Meshing (Hex-Pyram-Tetra) 9.4 GAP Element 9.5 Mass Element
9.6 Spring and Damper Element 9.7 Rigid & Constraint Elements 9.8 Simple Linear Static
Analysis Techniques to Simulate Contact

10. Weld, Bolt, Bearing and Shrink Fit Simulation 143

10.1 Welding Simulation 10.2 How to Model Spot Weld 10.3 How to Model Arc Weld 10.4
Practical Considerations for Welded Joints 10.5 Bolted Joint 10.6 Bearing Simulation
10.7 Shrink Fit Simulation

11. Material Properties and Boundary Conditions 159

11.1 E,G&vu 11.2 Material Classification 11.3 Material Properties 11.4 Boundary Conditions
11.5 How to Apply Constraints 11.6 Symmetry

'

12. Linear Static Analysis 17

12.1 Definition 12.2 While Starting any Finite Element Analysis Project 12.3 How to Check
Mesh Model Submitted by a Vendor or Colleague 12.4 Design Modifications Based on
Linear 5tatic Analysis: A Case Study 12.5 Linear Static Solvers 12.6 Solution Restart Method
12.7 h-element vs. p-element 12.8 Sub-modeling 12.9 Linear Buckling Analysis

13. Non Linear Analysis 187

13.1 Introduction 13.2 Comparison of Linear and Nonlinear FEA 13.3 Types of Nonlinearity
13.4 Stress- Strain Measures for Nonlinear Analysis 13.5 Solution Techniques for Nonlinear
Analysis 13.6 Issues Related to the Convergence of Newton Raphson Method 13.7 Essential
Steps to Start with Nonlinear FEA 13.8 A General Procedure for Nonlinear Static Analysis
Project 13.9 Exercise Problem

14. Dynamic Analysis 207

14.1 Why Dynamic Analysis 14.2 Static Analysis vs. Dynamic Analysis 14.3 Definitions
14.4 What is Difference Between Time Domain and Frequency Domain 14.5 Types of Loading
146 Simple Harmonic Motion 14.7 Free Vibration 14.8 Free - Free Run 14.9 How to
Avoid Resonance 14.10 Damping Consideration 14.11 Forced Vibration 14.12 Single DOF
System, Frequency Response Analysis 14.13 Single DOF System, Transient Response Analysis
14.14 Dynamic Analysis Solvers 14.15 Two DOF System, Frequency Response Analysis Base
Excitation 14.16 Bracket, Transient Response Analysis (Short Duration Force) 14.17 What is
PSD (Power Spectral Density)

15. Thermal Analysis 237

15.1 Introduction 15.2 Conduction Heat Transfer 15.3 Steady State Conduction 15.4 Unsteady
State Conduction 15.5 Convection Heat Transfer 15.6 Forced Convection (Internal Flow)
15.7 Forced Convection (External Flow) 15.8 Meshing for Thermal Analysis 15.9 Free/Natural
Convection 15.10 Radiation Heat Transfer 15.11 Practical Application of Thermal Analysis

16. Computational Fluid Dynamics

16.1 What is CFD 16.2 Various Levels of Approximations in Fluid Dynamics 16.3 Equilibrium
Equations fora Fluid 16.4 The Physics of the Navier Stokes Equations 16.5 Conservation
Form of Fluid Flow Equations 16.6 Integral Form of the Conservation Laws 16.7 Model
Equations for Convection and Diffusion: Their Mathematical and Physical Aspects 16.8
Numerical Schemes for a Model Convection Equation 16.9 Numerical Schemes for a Standard
Diffusion Equation 16.10 Explicit and Implicit Numerical Schemes 16.11 Different Types of



 Codes Used for CFD Calculations 16.12 Different Types of Grids Used for CFD 16.13 Difference
Between Meshes Used in Computational Structural Mechanics and Computational Fluid
Dynamics 16.14 Strengths and Weaknesses of CFD Against Experimental Fluid Dynamics
or Wind Tunnel Testing 16.15 CFD Project Tracking Sheet 16.16 Typical Applications of

Computational Fluid Dynamics in Various Industries
Fatigue Analysis

17.1 Why Fatigue Analysis 17.2 Static, Dynamic and Fatigue Analysis Comparison 17.3 Whatis
Fatigue 17.4 History of Fatigue 17.5 Definitions 17.6 Various Approaches in Fatigue Analysis
17.7 Stress Life Approach 17.8 Strain Life Approach 17.9 Fracture Mechanics Approach
17.10 Cycle Counting 17.11 Multi-Axial Fatigue 17.12 Welding Analysis 17.13 CAE (Fatigue)
and Test Data Correlation

8. Crash Analysis

18.1 Introduction 18.2 What do We solve in Structural Crash Worthiness 18.3 Transient
Dynamics Solution Methodology 18.4 Increasing the speed of Explicit Methods for Quasi
Static Simulation 18.5 Comparison of Explicit vs. Implicit Methods 18.6 Typical Issues
in Contact Analysis 18.7 Some Aspects of Shell Element Technology 18.8 Contact Impact
Algorithms 18.9 Full Dynamic / Impact vs. Quasi Static Simulations 18.10 Lagrangian and
Eulerian Codes 18.11 Effect of Process and Residual Stress on Crash Analysis 18.12 Typical
Application of Crash Worthiness Simulations in Various Industries

.
19. NVH Analysis
19.1 Introduction to NVH Concepts 19.2 Frequency Range of FE Dynamic Analysis 19.3 FEA

for Structural Dynamics 19.4 FEA for Acoustics 19.5 Model Validation 19.6 Model Updating
19.7 Design Modification 19.8 Vibration and Noise Control

- 20. Post Processing Techniques
20.1 How to Validate & Check Accuracy of the Result 20.2 How to View Results 20.3 Average
and Unaverage Stresses 20.4 Special Tricks for Post Processing 20.5 Interpretation of Results
and Design Modifications 20.6 CAE Reports

21. Experimental Validation and Data Acquisition

21.1 Strain Gauge 21.2 Photo-elasticity 21.3 Load Cells 21.4 Torque Sensors Torque Transducers
21.5 How to Collect Force vs. Time Data (Dynamic Test) 21.6 How to Measure Acceleration
21.7 How to Measure Fatigue Life 21.8 How to Measure Natural Frequency

22. Common Mistakes and Errors
23. Preparation for Interview

Abbreviations

295

321

377

395

407

41



