EN234: Computational methods in Structural and Solid Mechanics

Homework 4: FEA with Mathematica
Due Fri Oct 13, 2017

School of Engineering
Brown University

NORANSNNNNNXY
AN

A
\

<[P\
S

0.08 "I

v
N

0.07 |
0.06 /)

0.05

0.02 A

=~

AV\Y
N
W
A‘Ey QK]
AV
IVAVAVAN

AV AV,
SEF
Vav
7S
K

Vi

>
AVav,
\INZ

0.01 |

NS
N
VAW
v
T

AV
AN

N

Yl

N
S
A
X7
S

X7
AVAV
\/\/
X
N
A
S
X
X

X
\
N
I

v
\Vay,
SR

L
IS

v
KX

<

>

=
XX
SO
et
NOK]
A

N
AN

=
%
K
<7
R
X
S
ROSK
]
&
>
=

<\
TAN

AV
ISK

8
A
5/
%

X

=2
VSN
17
X
N
\/
s\‘
X
VA
2
K
X7
\A
N

X

\WAVAVAVAV

vl
\/
XY
2
%
Vi
AN
)
7AY
5
A
X3
2
S
AVAN

XD
N
3
A
Y

‘V
0
Vs
0
%4
N,
>
<J
5
K\/
2
/>
S
WX
/\

RN/
KX,
o
N
<

7aY
S

N
75

R

Ky
K
ol
<
<]
4
<
S
S
X
5
i
‘V
S
X
S
X
2

A

If you want to use FEA to solve solid mechanics problems, a special purpose package such as ABAQUS is
probably your best option. It can be harder to adapt solid mechanics codes to solve materials science
problems or multi-physics problems. In this case you might want to try one of the many high-level
commercial or open-source codes — your options include

Mathematica, which has a general purpose package for solving PDEs with finite elements

COMSOL - a commercial general PDE solver designed for multi-physics problems

FEniCS - a high-level open-source python based package designed to solve general PDEs

MOOSE - a high-level open-source C++ based code for solving PDEs

In this homework, you will explore the PDE solver in Mathematica.

Start by working through a few tutorials (you don’t need to work through all of them — you will learn quickly
if you scan through them and then try solving your own problems and search the manuals for what you want
to do).

1. General introduction to solving PDEs in Mathematica -try solving the heat transfer problem for the
plate with a hole (you might need to change the dimensions a bit to get the geometry to work
properly in some versions of Mathematica) and the beam bending problem

2. Mesh Generation

Controlling the Mathematica FEA solver

W

Constantinescu and Korsunsky “Elasticity with Mathematica” is a useful reference if you want to use
Mathematica to do the various tensor and index notation manipulations that arise in solid mechanics.



http://reference.wolfram.com/language/FEMDocumentation/tutorial/SolvingPDEwithFEM.html
http://reference.wolfram.com/language/FEMDocumentation/tutorial/ElementMeshCreation.html
http://reference.wolfram.com/language/FEMDocumentation/tutorial/FiniteElementProgramming.html
http://www.newsciencecore.com/attach/201504/17/132459w3oyoq3o3xffosa1.pdf

The main attraction of Mathematica is that it hides the programming step between mathematical equations
and a numerical solution. With that in mind, set up a Mathematica finite element solution to the field
equations of linear elasticity (you can assume an isotropic solid):

(1) Strain-displacement relation & = %{Vu + (Vu)T }

(2) Constitutive relation ¢=C:g . (There are several ways to set up this tensor product in
Mathematica. One way is to define a function that initializes the 4™ order tensor of moduli using
(for an isotropic solid with Lame moduli 4, x )
IsotropicStiffness2D[lambda_, mu_] :=
Array [ Lambda KroneckerDelta [ 71, #2] KroneckerDelta[#3, 1] +
mu (KroneckerDelta[ #1, #3] KroneckerDelta[#2, #4] + KroneckerDelta[#1, #7] KroneckerDelta[ #2, #3]) &,
{25 2, 2, 23]
You can then do the tensor product (after using the function to initialize CC) with
TensorContract [TensorProduct [CCy €1, {{3, 5}, {4, 6} }]

You can also use the matrix form of the constitutive equation, if that’s easier.
(3) Equilibrium equation V-6 =0

10-

Solve the following boundary value problem for the region shown
in the figure:

(1) 1/!2:0 X2:0 0<X1<5.01

(2) u1=0 X1=X2=O 8

(3) o)) =20 Xp =10, O<)C1<5.01
(You might need to experiment with the Neumann boundary
condition to work out the sign convention)

6
Try simulations for a material with shear modulus z=1000 and
Poisson’s ratio v =0.3.

Plot 4:

(1) Contours of vertical displacement,
(2) See if you can work out how to plot contours of vertical
stress 0, in the plate — this requires some post-processing.

The operations to define strains and stresses can be applied 5
to the solution.

(3) Experiment with changing the mesh size, and compare
results from linear and quadratic interpolation (try, e.g. a
mesh size of 0.1 with linear and quadratic interpolation —
this shows a large difference) 0! : : : : :

(4) Try a solution with Poisson’s ratio v =0.499. You will 0 1 2 3 4 5
find that the displacements look physically reasonable (but
are totally wrong), but the stresses will be clearly garbage. This is caused by locking — it’s a good
demonstration of the limits of current ‘automatic’ finite element solvers.

As a solution to this homework, please upload your Mathematica notebook to Canvas.
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