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How does your Swiss cheese deform?

A walk-through demonstration
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o The material for this demo is on the USB stick

v If you have a working Elmer/ElmerGUI
environment at hand, you can do the example
at the same time, as we will go in a reasonably
slow, yet steady pace

¢ BUT: we are not able to stop If you got
seriously stuck
— But, there is always time for short questions

¢ The example can be revisited (including our
support) in the last hour of this tutorial



@ A 20 x 20 x 40 cm block of cheese
(assumed to be a linearly elastic
material) Is put under an external
force

v Linear equations rather smooth
solution— increased mesh resolution
only by geometry

v Testing on topologies with varying
geometric complexity — number of
voids may easily be altered
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v Pre-processing

v Create a random distribution of spherical voids (=holes) in a
brick as a Netgen geometry file using Octave/Matlab script

v Meshing geometry using Netgen
v Checking mesh using ElmerGrid/Post

v Set-up
v Importing mesh into ElmerGUI
v Defining the case/project

@ Run
@ Post-processing



Pre-processing

o Creating the

geometry:

v Copy file holes.m
into a new directory

v Apply the changes
(change from 100 to
10 holes)

¢ RUn octave
holes.m

¢ That should create a
file named
holesl0.geo

CscC

> Terminal -

File Edit View Search Terminal Help

zwinger@zwinger-VM ~/Work/Elmer/Examples/CheeseSqueeze/RunDirl $§ 1s

holes.m holes.m~

zwinger@zwinger-VM - mer /Examples/CheeseSqueeze

octave-3.2.4 octave-bug
octave-bu

zwinger@zwinger-VM ~/Work/Elmer/Examples/CheeseSqueeze/RunDir]

GNU Octave, version 3.2.4

Copyright (C) 2009 John W. Eaton and others.

This is free software; see the source code for copying conditions.

There is ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or

FITNESS FOR A PARTICULAR PURPOSE. For details, type ‘warranty'.

1 $ octave

$ octave holes.m

Octave was configured for "x86_64-pc-linux-gnu".

Additional information about Octave is available at http://www.octave.org.

Please contribute if you find this software useful.
For more information, visit http://www.octave.org/help-wanted.html

Report bugs to <bug@octave.org> (but first, please read
http://www.octave.org/bugs.html to learn how to write a helpful report).




Pre-processing

Load Geometry...

Save Geometry...

Recent Files
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Load Mesh...
Recent Meshes
Save Mesh...

#" | ger/Work/Elmer/! h (RunDirl/holes10.geo - 4+ x
finement Special Help
<|><m> J Geometry — ZoomAII‘ Center
e

<5><m>

v Creating the geometry:

v

v

v

v

Start netgen
Load holesl0.geo

Click on Generate Mesh

Choose Elmer under
Export Filetype

Merge Mesh...
Import Mesh...
Export Mesh..

Export Filetype -

5ave Solution...
mport Solution...

e M~

- NETGEN - /h /Work/Elmer Ch RunDirl/holes10.geo =k R
File Geometry Mesh View Refinement Special Help
w EX O r t M e S h ‘ Load Geometry... <i><g> Bt Mesh —| zoomanl | center |
Save Geometry...
Recent Files
NETGEN - /h inger/Work/Elmer les/Ch S RunDirl/holes10.geo lesh e
Eile y Mesh View Special Help t Meshes p
= | fesh... <s><m>
Ul Geomatry il =bcg oD Mesh —| zoomal | center ||' 0
Save Geometry... t Mesh...
Recent Files : Mesh...
: Filetype |EEm—————————
Load Mesh... <l><m> « Neutral Format
e " olution... Surface Mesh Format
Save Mesh... <s><m> t Solution... DIFFPACK Format
i Demo... TecPlot Format
fonpast Tochnog Format
Export M,ﬁ;p hot... Abaqus Format
Expoit Fime & i Fluent Format
Jptions
Save Solution... GRS
Import Solution... <q> FEAP Format
Show Demo... ' Elmer Fo§\at
STL Format
Snapshot.... VRML Format
Video clip Gmsh Format
Save Options 2 Gmsh2 Format
‘1(/ OpenFOAM 1.5+ Format Netzen 4,9,13
Quit JCMwave Format
TET Format
2173 Elements: 10317 Surf Elements: 1718
z
5\( tecgen 4,9.13
Points: 2173 Elements: 10317 Surf Elements: 1718
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¢ The mesh Is stored In the files

mesh. {header,nodes,elements,boundary}
v Copy them into a sub-directory holesl0

v Create an ElmerPost output-file:
ElmerGrid 2 3 holesl0

¢ Launch ElmerPost

v and load holesl0.ep

v Open Edit — Grouping ... and check the different
boundaries

v Our relevant boundaries are 1-6 (the large sides)

v Check the dimensions 4 x 4 x 2
— Too large a piece of cheese, if meters
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elmerpost-14049

Eile Edit Display Help Modules

4 % % F T u‘\xu;m:-zrzl I b
Solor sh. ocontout iy hectdrs .|| [Particles Co[orsez‘ ' Ya ly 4

NNt 2| 2z || reser |
Freeze Scaling"UpdateNmnals!

«= § 4| z| +z |roteri|TmeRI|

Re3d Model File 2=

%

| ol et
q ]
o
%3' v G
TG‘A/

Welcome to Elmer Post Processing

|~ |Have Fun!
-
Nodes Elmer-Post: I
Elements:
i Mesh Style: " Line  Surface  Both
BXES: Line Style:  Line  Solid
Scalar: Number . ,_
Edge Style: © All T Free
Line Quality: |1
Select timesteps: Width Scale: |1
Color Variable: Number“
First: |1 Last: 1 Increment |1 All Min: 1 Max: i173 A [~ Keep
Apply ‘ Close ‘
Select file: ——

Model file: holes10.ep Browse... ’

Read header \ Read file \ OK ‘ Close ’

J
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v Elmer does not assume any unit system
o Built-in material library parameters are in Sl units

o User has to guarantee consistency between
geometry and physical constants

@ One possibility: Scale the mesh

— unit lengthwas 10 cm =0.1 m

ElmerGrid 2 2 holesl0 -scale 0.1 0.1 0.1 -out
holesl0 _scale

— Now the mesh is in Sl-units (meters) and the built-in
material library (in Sl units) could be used

v Here, we are using internal scaling provided by
Elmer (see later In this tutorial)
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¢ Launch ElmerGUI
v Fille - Load Mesh: holesl0

Open directory

|5\ ‘ < ”‘ zwinger I Work | Elmer | Examples | CheeseSqueeze | RunDirl ICreate Folderk
Places Name v Size Modified
Q, Search = k
) Recently Used
# zwinger

= Desktop

__ File System
|\ Floppy Drive

L ]
| ® Cancel || iD Open |




Set-up

¢ Launch ElmerGUI
v Fille - Load Mesh: holesl10

File Mesh Model View Sif Run Help

&8 ddD B

ElmerGuUI

S @« de e »e (5] (P)

CSscC
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Ltgdel View Sif Run |

o All following steps setup...
are sequentially Equation :
ordered In the Matarial ;
menu Model Body. force .
v They reflect the Initial condition b
different section In Boundary condition  »
the solver inpl-": Set body properties
file that Is created Set boundary properties
for the solver step Ssummary...

Clear all



v Model —

Setup

— Basic setup
of the
simulation

v Header for
mesh

@ Simulation
v Constants
— Possibility
to scale
Input mesh

Header

Setup

(el =gy gf

MeshDB [

include path '

Results directory '

Free text

Simulation

Max. output level |4

4| Steady state max. iter |1

Coordinate system ‘ Cartesian

= Timestepping method | BDF

Coordinate mapping (123

Simulation type | Steady state

| BDF order 1

4| Timestep intervals |

Output intervals 1

‘ Timestep sizes ’

Solver input file | case.sif

| Post file ’ case.ep

Coordinate Scaling = 0.1]

Free text

Constants
Gravity 10-1009.82
Stefan Boltzmann | 5.67e-08

| Boltzmann |1.3807e-23

| Unit charge |1.602e-19

Vacuum permittivity |8.8542e-12

Free text

« Apply




¢ Model —
Equation
— definition of
physical models
(=Solvers) for
the simulation
o Toggle Linear
elasticity
— Priority to 2
— Edit Solver
Settings

Linear elasticity = Navier-Stokes Mesh Update

Activate for this equation set

Active ¥4
Give Execution priority

h<ir

Priority 2
Options

Calculate Stresses 4
Plane Stress [ ]
This and that

Element Codes
Free text input

Apply to bodies:
v Body 1

\ Edit Solver Settings

Name: | Equation 1

©New |

| <Add vOK || € Cancel

'SC



CscC

v Solver control for Linear elasticity

Solver specific options General Steady state Nonlinear system | Linear system | F ‘1‘:]

v Linear system
o Nonlinear

(@® Iterative ‘BiCGStab all

system: > wutigrid [Jacobi

Control

—_— Red u Ce M aX . Max. iterations | 500

Convergence tol. [1.0e-08

lterations to 1 e g, TT—
(linear problem!)

ILUT tolerance | 1.0e-3 |

Residual output [1

Prec. recompute |1

[M Abort if the solution did not converge

| v Apply |




Set-up

v Toggle Result
Output
— Priority to 1
— Edit Solver
Settings

*

Equation

pdate K-Epsilon @ Result Output | Heat Equation <H

Activate for this equation set

Active

Give Execution priority
Priority

Free text input

Apply to bodies:
v Body 1

| \ Edit Solver Settings

4

[ 1

Name: [Equation 1

| ONew |[ 4add ||

¥ OK

|| €© Cancel |

1CScC
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v Linear system

v Solver specific
options

Solver control for Result Output

Solver specific options | General Steady state Nonlinear system Linear system P (D

Procedure | "ResultOutputSolve" "ResultOutputSolver"
Output Format | Vtu

Binary Output []
Single Precision [

Output File Name |case
Scalar Fields

Scalar Field 1 [
Vector Fields

Vector Field 1 [
Free text input

« Apply

CSscC
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Solver control for Result Output

v Linear system
¢ Solver specific = aer

Before simulation

options

Before timestep

Solver specific options | General | Steady state Nonlinear system Linear system F«p»

) After timestep

v General:

— Toggle after =
simulation -
— Why?: Results to
be saved when
converged

| ¢ Apply |




Set-up

v Model —

Material

— definition of
physical
properties for the
simulation

¢ Material Library

— Polycarbonate
(generic)

*

Material |csc
General | Linear elasticity Navier-Stokes Mesh |« m
Properties
Density 11220.0 |
Heat Capacity 11250.0 |
Specific Heat Ratio l l
Reference Temperature | ]
Reference Pressure ( Material library
Heat expansion Coeff. Class Bofosicat)
Glycerol (room temperature)
Free text input Gold (generic)
Iron (generic)
Qil, olive (25 C)
Platinum (generic)
Polyviny! chioride (generic)
Silicon (isotropic, 25 C)
Silver (generic)
Steel (alloy - generic)
Steel (carbon - generic)
Steel (stainless - generic)
Water (frozen)
a Water [rnnm temnerature)
Apply to bodies: —
o |+ Append| J 4 Clear | | € Close ‘| [ « Ok
v Body 1

v

‘ \ Material library |

Name: | Polycarbonate (generic) ‘

| | ©New | | 4Add || wOK || @ Cancel |
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Linear elasticity | Navier-Stokes Mesh Update & - ;1:1;
Variables
< Model RN Initial Displacement 1 0 ]
Lo Displacement 2 0 ]
CO n d |t| O n Displacement 3 o |
L. . ...for time dependent simulations...
— |n|t|al|zat|0n Of Displacement Velocity 1 0 |
Va”able Va.l ues Displacement Velocity 2 0 |
Displacement Velocity 3 (0 ]
fOI‘ the Free text input
simulation |
v Linear elasticity :
Zero Wi Body'1 ;
Name: | InitialCondition 1 |
| [®New || <4rAdd || «OK || @Cancel |




v Model —
Boundary
Condition

— definition of
variable values
at boundaries for
the simulation

— Usually multiple
— Different names

v Linear elasticity

— Force boundary
— Add + New

General Linear elasticity

Displacement 1
Displacement 2
Displacement 3
Displacement 1 Condition
Displacement 2 Condition
Displacement 3 Condition

Navier-Stokes

Traction boundary conditions

Normal Force
Force 1

Force 2

Force 3

Stress 6-vector

Apply to boundaries:

=
(1]
0
-
[v

| Boundary 1 | Boundary 2
Name: | Force Boundary
|| <Add vOK || © Cancel

| [ ©New

CscC



Set-up

v Linear elasticity

— Wall boundary
— Add + New

*
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BoundaryCondition

General | Linear elasticity = Navier-Stokes MeshI'<ij

Normal-Tangential Coordinate System

Use normal-tangential coordinate system [ |

Change of variables
Dirichlet Conditions

Displacement 1 0 I

Displacement 2 0 I

Displacement 3 0 I

Displacement 1 Condition I

Displacement 2 Condition I

Displacement 3 Condition I

Traction boundary conditions

Normal Force I ’

Apply to boundaries: I |

"] Boundary 1 [ | Boundary 2

v

Name: [Wall Boundary I
[ © New H < Add H « OK HQCancel ]




Set-up

v Linear elasticity

— Wall Boundary
— Add + OK

*
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BoundaryCondition

General | Linear elasticity = Navier-Stokes MeshI'<ij

Normal-Tangential Coordinate System

Use normal-tangential coordinate system [ |

Change of variables
Dirichlet Conditions

Displacement 1 0 I

Displacement 2 0 I

Displacement 3 0 I

Displacement 1 Condition I

Displacement 2 Condition I

Displacement 3 Condition I

Traction boundary conditions

Normal Force I ’

Apply to boundaries: I |

"] Boundary 1 [ | Boundary 2

v

Name: [Wall Boundary I
[ © New H < Add H « OK HQCancel ]




v In general it Is difficult
to know the boundary
number in the mesh —
assign manually

v Model — Set
boundary properties

¢ Then double-klick on
specific boundary
(gets highlghted)

Setup...

Equation

Material

Body force

Initial condition
Boundary condition

Set body properties

summary...

Clear all

CScC



Set-up

v Assigning
force
poundary

v Press +Add

v Rotate to
ower
poundary

*
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File Mesh Model View Sif Run Help

&8 dd B /

ElmerGul

S @ de e > (S (P

Properties

Boundary condition

[l Use as a body

Properties for boundary 3

| Force Boundary s

| < Add H@Cancel |

4




Set-up

o Assigning
wall
boundary

v Press +Add

v Toggle off
Model —
Set
boundary
properties

*
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ElmerGuUl
File Mesh Model View Sif Run Help

B8 MDD B L 26 & o (56

Properties for boundary 5
Properties

Boundary condition 1Wa|l Boundary

[ Use as a body

|_-§:Xd_d_[ | © cancel |
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Set-up

- ElmerGuUl
File Mesh Model View Sif Run Help

¢ Visualization B8 HED B VU L@ & o 6@
of boundary
ID In
ElmerGUI:
— View—

Numbering

— Boundary
Index
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(= BoundaryCondition -

General Linear elasticity = Navier-Stokes Mesh 1»;

Normal-Tangential Coordinate System

v M O d el Use normal-tangential coordinate system [ |
Change of variables

—Bounda ry Dirichlet Conditions
Displacement 1 l I

cond ition — Displacement 2 [ ]
Add Displacement 3 ' I

Displacement 1 Condition

Displacement 2 Condition

v Linear elasticity —

Displacement 3 Condition
Traction boundary conditions

o Zero StreSS Normal Force ]
— Toggle remaining

v Boundary 1 M Boundary 2

boundaries with . e HCOndr
ID S 6 ; : M BRoundarv 6 y

Name: | Zero stress

— Add + OK

| [®New || <4rAdd || «OK || @Cancel |
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¢ Finnishing the setup: -
\ ‘:Ht zwinger I Work l Elmer ‘ Examples I CheeseSqueeze I RunDir2 ,m!
- SI F — g en erate Places Name v Size Modified

Q Search MyFirstProject
) Recently Used [l partitioning.2

— Save the project: wserdy ot 1623

= Desktop

® Either by File — i
—Save project

v Or by the symboll > in
the task bar

v Create new folder
— Save the files:
v Either by File —-Save

v Or by the symbol|Hin
the task bar

| ®Cancel || @DOpen |




¢ Run the case:
— Either Run—start solver or E
— The symbol then will change color (s)
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Linear elasticity | Navier-Stokes Mesh Update =k 1>

— Alog window will occur iz

Displacemen t3

—_— .. and dlsplay an error message ...for time dependent simulations...

Displacement Velocity 1

ERROR:: Model Input: Unknown specifier: [0] Displacement Velocity 2

, . _ Displacement Velocity 3
ERROR:: Model Input: In section: [initial condition 1] Era takt Inout

ERROR:: Model Input: For property name: [displacement velocity 3]

— Problem: Displacement Velocity not in
Keyword Database

— Re-open Initial Condition 1

| [YNew ||+ Update || ¥ OK ||

gz
o ol o
I

|
3|

— Cast the values with Real
— Update and OK
— SIF —generate and =
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v TwO post processors:

1. Internal VTK based: Run — Postprocessor
(VTK)
2. Externally linked ElmerPost (legacy

postprocessor of Elmer): {4
—  Either Run — Start postprocessor or L
— Changes color if active @

¢ ElmerPost manipulations:

math on = nodes
math nodes = on + 100 * Displacement



ELMER POST GRAPHICS

Freeze Scalingl

«= Y4 Zz| +z Roteri|TmeRi
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Modules

math nodes = on + 100 * Displacement

s ————— e

Apply Close ‘

File T
— NS, FR&3d Madel File =
1
1
1 \
01 \ r:math on = nodes
o \
c
2
A ‘
- \
> &l
w0 A
L
] [
- J
0 4
. Elmer-Post: I
1.9e-28 0.00013 0.0%25 0.00038
I | |
0 = . B
Displacement_abs T T ]
5 5.5 6
Iteration step
Ready
X Menu g & [Te... E ElL. FaEE M el [ ve. Sol... Co... [ Co.. & [G...

Line Style: 7 Line 7 Solid
Line Quality: |1
Width Scale: |1

Threshold Variable: none

-
. 100.0‘
[T

|Color Variable:  Displacement_abs
length Variable:  Displacement_abs

| Arrow Variable:  Displacement I

fax: [1.0

‘ Apply Close

MR EEIEE. N E¥e) 7 Thujun 7, 9:57PM
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¢ Why Is the cheese not squeezed, but
pulled?

— Mind, that surface normal (that defines the
direction of normal force) by definition is
pointing outwards.

o Task: change force to correct sign and re-
run case

— Remember to create the SIF and save I,
before re-running



