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Course Description and Objectives:

This course explores the fundamental concepts of finite element methods, a numerical method
to find the approximate solutions of various field problems. The objective of this course is to
emphasize analysis and provide solutions using FEM for thermal and structural problems.
Course Outcomes:

Upon successful completion of this course student should be able to:

e understand the concept of plane stress and plane strain.

e recognize the behavior and usage of each type of elements covered
e perform numerical integrations in FE methodologies

e analyze and solve field problems using appropriate packages

ISKILLS ACQUIRED: Students are able to I
e Convert partial differential equations to linear algebraic equations.
e Implement energy method concepts to solve beam problems.
¢ |dentify displacements, stresses of 1D structural problems

e Formulate iso-parametric elements.

e Provide solutions for thermal and structural problems.




UNIT-I L-13
Introduction- comparison of various FEA methods (Weight Residual, Displacement
approach, Potential Energy approach, Galerkin approach, Virtual work approach, Rayliegh
Ritz approach), Mathematical preliminaries of variational formulations and integral
formulations.

UNIT-II L-13
Second — order differential equation in 1-D: Finite element models Basic steps of FEA for a

boundary value problem, Applications in solid mechanics, heat transfer and fluid mechanics.

UNIT-III L-13
FEA applications: Plane trusses, Euler — Bernoulli Beam Elements, Application problems.

UNIT-IV L-13
Dynamic considerations : Formulation for point mass and distributed masses, element mass
matrix ofone dimensional Bar element. Eigen vectors, Applications to Bars, Stepped Bars.
Natural Frequencies, mode shapes

UNIT-V L-12
Single variable problems in 2-D: Introduction to Boundary Value Problems (BVP). Solution

of plane stress and plane strain problems, Conductive and convective heat transfer using
triangular elements.

Activities:

Solve 1D problems in bars

Solve 2D problems in structures visualized as assembly of springs
Solve beam problems

Solve vibration problems

Solve fluid flow problems

Solve heat transfer in fins problems
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