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Abstract

In this course we will cover the theory behind the development of finite elements
for plane truss systems. We will,

e Reviewing the development of the FEM equations for bars and beams.
Develop general coordinate transformations.

o Use these coordinate transformation to rotate any beam-bar in a 2-D plane.
o Cover the assembly process of our beam-bar system.

o Cover software implementation of the system.

o Cover beam-bar geometry input into DesignCAD for a plane truss system.
o Cover input of material properties in DesignCAD.

o Cover boundary conditions input in DesignCAD.

¢ Review the simulation process.

o Cover post processing the data using Paraview.

o Examine Displacement, Shear and Moments in Paraview.
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' 1. Introductions

We will begin with the standard FEM simulations of beam-bar. This include a third order Hermite
cubic representation of beam displacement and linear displacement of bars. However, we must realize
that these displacements may not be accurate enough for including distributed loads. To this end, we
will move into a higher order representation of our displacements.

1.1. Bar Equation

Our differential equation for bars under a linearly varying distributed load is,
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Our finite element matrix equation for bars is, (linear basis function therefore linear displacements)
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1.2. Beam Equations
Our differential equation for bars under a linearly varying distributed load is,
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Our finite element matrix equation for beams is, (Hermite cubic basis function therefore cubic displace-
ments)
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These equations may be written as,
Uy | _ | cos(y) —sin(y) Uy (13)
Wi sin (y)  cos(y) Wi

This equation is the transformation matrix from Beam coordinates (U; and W7) to physical displacement

coordinates, (U5 and Wy). To make this transformation complete we must also include our rotation at
the beam ends. Since we are rotating our elements in the plane this transformation matrix is,

U cos(y) —sin(y) O Uy
Wy, »=| sin(y) cos(y) O Wi (14)
01 0 0 1 01

We must transform both ends of our beam-bar element. Therefore the transformation matrix becomes,

Uy cos(y) —sin(y) 0 0 0 0 U;
Wi sin(y) cos(y) O 0 0 0 Wwh
o 0 1 0 0 0 0 )
U, 0 0 0 cos(y) —sin(y) O Us
Wa 0 0 0 sin(y) cos(y) O
05 0 0 0 0 0 1
In symbolic form we have,
{D} = (1] {D} (16)
We may also verify these following, see Maxima and Octave code.
U, [ cos(y) sin(y) 0O 0 0 0] Uy
Wy —sin(y) cos(y) 0O 0 0 0 Wy
o | 0 o 1 0 0 0 0, an
Us [ 0 0 0 cos(y) sin(y) 0 Us
Wo 0 0 0 —sin(y) cos(y) O Wo
0, 0 0o 0 0 0o 1 0,

In symbolic form this equation becomes have,
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{D}y = (1" {D} (18)
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Looking at equation 6 and this equation we see how we may transform our beam to a physical
coordinate system this equation may be written as,

20 12
Since we need our matrix equation cast into physical coordinates we use our transformation matrix
to obtain,

[K](T]" {D} = {F} (23)

I We also notice that our right hand side of this equation is in beam coordinates as well, P{, V7, M, etc.
Therefore the right hand side may be transformed exactly like the displacements.

(K] [T)" {D} = [T]" {F} (24)
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That way we could calculate the maximum stress in the beam-bar!

If, for example, we took element 1 on our last case and wished to find the shear, axial force and moment

cos (7)
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on that member we would have,
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To this end, these global forces can be transformed into moment and shears for our beam and axial
loads for our bar. This is done by the following,

_ O O O OO

This information is correcc HOWEVER! This information is not what an engineer would be truly ‘
interested in. What an engineer would be interest in is, the shear and moment diagrams in each member!
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