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Finite element analysis

Methods of Engineering Analysis

Experimental methods Analytical methods Numerical methods

Functional Approximation
Finite Difference Method

Finite Element Method

Functional Approximation

» Classical methods- Rayleigh-Ritz method {complex structural problems)
> Galerkin methods -weighted residual methods (non structural problems)

Finite differential method

» Heat transfer /fluid mechanics/structural mechanics problem
> Differential equation/simultaneous equations generated-solving lead to approximate
solution to the problem

Finite element method /Finite Element Analysis
-numerical method for solving problems of engineering and mathematical physics

-a body or structure ————  subdivided into smaller elements of finite elements called finite
elements,

-nodes/ elements solved as whole to get solution

> Finite element method, instead of solving the problem for entire body in one operation, we
formulate the equation for each finite element and combine them to obtain the solution of the
whole boMy.
> Complicated geometrics, loading/material properties-to solve physical problems/which canot be
solved by analytical method
This method is extensively used in the field of structural mechanics,
fluid mechanics, heat transfer, mass transfer, electric and magnetic field problem
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Discretization

The process of modeling a structure using suitable number, shape and size of the
elements is called discretization. The modeling should be good cnough to get the results as
close to actual behavior of the structure as possible.

The finite clement analysis involves the discretization of the irregular domain into
smallerand regular subdomains, known as finite elements. This is equivalent to replacing

thedomain having an infinite number of degrees of freedom by a system having finite
number

Of degrees of freedom.
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Discontinuity of Boundary conditions Material Discontinuity
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(i) Concentrated load on a beam sl e

A bimetalfic beam
(c) Discontinuity in material properties

node
(if) Abrupt change in the distributed load
(a) Discontinuity in loading

—-——

Abrupt change in the cross section of a beam
(b) Discontinity in geometry A cracked plate under loading
(d) Discontinuity in material
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/ FINITE ELEMENT ANALYSIS

| sy

A tapered bar_loacled by axial force P. A tapered bar loaded by axial force P.
uniform two-node elements of equal length..

Aspects ratio: Aspect ratio is the ratio of the largest | ‘h’ and ‘p’ versions of finite element method
dimension of the element to the smallest dimension
of the element. In many cases, if the aspect ratio
increases the inaccuracy of the solution increases.
The aspect ratio should be close to unity as for as
possible.

In ‘h’ version, the order of the polynomial
approximation for all elements is kept constant
and the number of elements increased.
In ‘p’ version the number of elements is
maintained constant and the order of polynomial
approximation of element is increased.

Typical
element

Typical
node
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The process of finite element analysis

Faculty Name Academic Year . 2024-2025 (Odd)

. Change of
Physical problem “ physical |
{ problem
Mathematical model
Governed by differential equations
Assumptions on
* Geometry Improve
+ Kinematics <— mathematical f<—
» Meterial law modsl
+ Loading
+ Boundery conditions
« Ete.
Finite element solution
Choice of
+ Finite elements
+ Mash density
Flnite » Solution parameters
element Hepreseptaﬁon of
solution + Loading &
of + Boundery conditions Refine mesh,
mathematice! + Ete. solution parameters,
model ete.
[ [
Assessment of eccurecy of finite
elemant solution of mathematical modsl
1
Interpretation of results > a‘::?v";s
Design improvements
| Structural optimization
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finite elements

o Ly

(a) Simple two-noded line element

t
higher-order fine elemont (typically used to represent a bar or beam element) and the
» 3
3 3
e N A .E [:1
2
X
Triangulars Quadrilaterals

(b} Simple two-dimensional elements with corner nodes (typically used to represent piane stress/
strain) and higher-order two-dimensional elements with intermediate nodes along the sides

AN EE gt

Tetrahedrals Regular hexahedral Irregular hexahedral

(c) Simple three-dimensional elements (typically used to represent three-dimensional stress state)
and higher-order three-dimensional elements with intermediate nodes along edges

Quadrilateral ring

Triangular ring

(d) Simple axisymmetric triangular and quadrilateral elements used for axisymmetric problems
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Procedure of FEM
Steps followed in FEM

Discretization

r R

Numbering of nodes and
Elements

I

Selection of displacement
function \

| 5

Define the material behavior

'w Stiffness matrix &Equations '

Analysis

Assemble the Element
Equations

Global(K)(A)=(F) ﬁ Applying boundary
conditions

Preprocessing

Linear polynomial

ID @ (x)=a,+a;x

2D d(x)=ag+a,x+a,y

Quadratic

1D O(x)=a +a,x+a,x?

2D

O(x)=ayta,x+a,y+ax>+a,y +aXy.

i

|

-

H

Solution of unknown
Simultaneous equation ) displacements

gauss elimination
] Computation of the Element
Stresses and Strains

Interpret the result

"

red

Post Processing
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