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Step 1 — Open ElmerFEM - New project — Choose directory and analysis type
» module load elmer/foss-2018b
» ElmerGUI

E New project ? *

Project directory

Select project dir | | |

Geometry input

(" Elmer mesh Select mesh dir | | |

(" Geometry file  Select geometry ﬁle| | |

(o Later

—2.1e+10

Equation definition files (EDFs) - you can anytime add extra EDFs from File-=Definitions menu

Default EDFs Extra EFDs to be added .
8

e =Bl nonlinearelasticityxml advection-diffusion.xml - E

E:ﬁﬁgr}gh}mxml divergencesolverxml 2

linearelasticity. xml elasticplatexml

meshdeform. xml fluxsolverxml

navier-stokes. xml freesurfacexml

resultoutput. xml

k-epsilonxml
<< Add magnetodynamicsxml
magnetodynamics2d.xml
Remove >> | | model-pdesxml

poissenboltzmann.xml
reynolds.xml
richards.xml
savelinexml
cavescalars.xml
sst-k-nmenaxml j

OK Cancel 2
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E ElmerGUI - E:/Projekti/2021_Erasmus_plus_SCtrain/4_01/1_Cases/11_ElmerFEM_Monlinear_Cerne/1_Monlinear_elasticity/test

Initial condition [Add...
Boundary condition [Add...

Step 2 — Load Geometry File Mesh Model View Sif Run Help
. PUDDD S EE NS @ wieorREEEP
Open > select u_turn.grd file Objec [vatee |
T Geolr:;fl?ﬁle u_turn.grd
+- Body
+- Boundary
=l Model
Equaticn [Add...]
Material [Add...]
Body force [Add..]
]
]

O O W S o
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m
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Step 3 — Model setup

Header

» Scale geometry to correct unit

v Check keywords warn

SySte m MeshDB l.
. . Indude path |
* Define time-dependent type Results drectory |
analysis Free text
Simulation
Max. output level |5

ﬂ Steady state max. iter |1

Coordinate system |Carhesian

Coordinate mapping | 123

Simulation type |Transient

Output intervals | 1

ﬂ Timestepping method |BDF ﬂ
BDF order | 1 j
ﬂ Timestep intervals |2l3
Timestep sizes |IZI.DS

Coordinate Scaling |D.Dl

Angular Frequency |

Post file |case.vb.|

Solver input file |case.sif
Free text

Constants

Gravity lo-109.82

Boltzmann  |1.3307e-23

Stefan Boltzmann  |5.572-08

Unit charge |1.502e-19

Vacuum permittivity |8.8542e-12

Free text

] = 4
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Step 4 — Select mOdeI E Equation - O x E Sclver control for Nonlinear elasticity ? X
. . ] Mavier-Stokes ] Result Qutput Nonlinear elastidty | 4 Solver specific options l General ] Steady state ] Nonlinear system Linear system ] Parallel ] Adaptive »
* Equation > Nonlinear " —
I . . Activate for this equation set — Procedure | "ElasticSolve™ "ElasticSolver”
€la StICIty Active ] Variable | Displacement {cdim)

Give Execution priority Additional Variables

Priority r Exported Variable 1 |

Miscellaneous options

* Edit Solver Settings

Options
[+

Plane Stress - Calculate Stresses

Calculate Strains [+
This and that

Calculate Principal [
Element Codes

Calculate Loads -
Free text input

Elasticity Solver Linear N

Displace mesh [v

Free text input

H |

Apply to bodies:
| Body Property 1

A, Edit Solver Settings ‘

MName: |Equah’0n 1

b4 New W' Update W OK == Remove

-ﬁr' Apply
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Step 5 — material

. . N 2

* Material > Material @ Material library roX
||bra ry > Austen|t|c Air (room temperature) -

. Aluminium (generic)

stainless steel A ——— T

Copper (generic)

Ethanal (rocm ternperature)

Fused Silica (253 C)

Glass (borosilicate)

Glycerol (room temperature)

Geld (generic)

Iren (generic)

Lead (generic)

i, olive (25 C)

Platinurn (generic)

Polycarbonate (generic) —

Polyvinyl chloride (generic)

Silicon (liquid)

Silican (solid)

Silver (generic) j

== Append A Clear €) Close | W Ok
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Step 6 — Boundary conditions

* Boundary condition > Left * Boundary condition > Right
E BoundaryCondition - O x E BoundaryCondition — O >
oltzEquation | Linear elasticity | MeshUpdate | Navier-Stokes  Nonlinear elasticity |4 quation | Linear elasticity | MeshUpdate | Mavier-Stokes  Nonlinear elasticity |4
Normal-Tangential Coordinate System = Normal-Tangential Coordinate System =
Use normal-tangential coordinate system r Use normal-tangential coordinate system [
Change of variables ~ Change of variables ]
Dirichlet Conditions Dirichlet Conditions
Displacement 1 |Varizble "tme"; Real MATC 0,006 %" Displacement 1 |variable “time™; Real MATC ™0.006%h"
Displacement 2 o = Displacement 2 o =
Displacement 3 o Displacement 3 [
Displacement 1 Condition | Displacement 1 Condition |
Displacement 2 Condition | Displacement 2 Condition |
Displacement 3 Condition | Displacement 3 Condition |
Traction boundary conditions Traction boundary conditions
Mormal Force | Mormal Force |
.. . = . . ~|
- .
&pply to boundaries: Apply to boundaries:
[~ Boundary 1 [ Boundary 2 v Boundary 1 [ Boundary 2
I+ Boundary 3 j [ Boundary 3 ﬂ
Name: |Left Name: |Right
© New %" Update W 0K == Remove | = New ‘ W Update W 0K == Qemove | 7
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Step 7 — Run analysis

* Generate .sif file e Use batch file to run the cases
E Solver Input File — O * ] CaseRun. Eimer o t:]|
File Edit Preference 1 |# ' /bin/bash

°Sd P =E|AXDTL o 2 | #SBATCH —-export=ALL,LD PRELOAD
» - 3 #SBATCH ——partition=westmere
eader Pl
CHECK KEYWORDS Warn 4 #3BATCH -n 2
Mesh DB """, 5 #SBATCH -o output.log

Include Path ™ i
Results Directory ™ [
End -
- module purge

Simulation 2] module load elmer/foo-2018b
Max Output Level = 5

Coordinate System = Cartesian
Coordinate Mapping(3) =12 3 10 =
Simulation Type = Transient -
Steady State Max Iterations = 1 11

Qutput Intervals = 1 B s

Timestepping Method = BOF L dlr—$ {p“'d}

BDF Order = 1 13

Timestep intervals = 20 .

Timestep Sizes = 0.05 14  echo case.sif > ELMERSOLVER STARTINFO
Coordinate Scaling = 0.01 15  cat ELMERSOLVER STARTINFO

Solver Input File = case.sif o . — . -

Post File = case.vtu 1€ ElmerGrid 2 2 -metis 3
End 17 srun -n -0 outputiN.log ElmerSolver mpi
Constants )

Gravity(4) =0 -109.82
Stefan Boltzmann = 5.67e-08
Permittivity of Vacuum = §.8542e-12
Baoltzmann Constant = 1,3807e-23
UUnit Charge = 1.602e-19

End

Body 1

Target Bodies(1) = 1
Mame = "Body 17
Equation = 1
Material = 1

End 8
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Step 8 — Postprocessing - T
Paraview

+ @) WarpByVectorl

» module load
ParaView/5.8.1-foss-
2020b-mpi

» paraview Ao
@ ®

== Properties (case_t

V' Cell/Point Array Status
v! (¥ Geometrylds
<% displacement
.% principal strain
=% principal stress
= strain_xx
strain_xy
.5 strain_xz
strain_yy
. strain_yz
strain_zz
.5 stress_xx

SNSRI

== Display (Unstructu

Danracantatinn
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Case 2: Beam twisting S Ctra | N

* Use similar procedure as in the previous

example
T e
* Analysis is again time-dependent: use 10 . "
. ~ boundary
X 0.1 s time steps ™ Fquaton. (A
. I_‘E]--I\u;;titr‘iﬁlatmnil ) [Add...]
* Mesh file: beam3d.grd P i i
. o o Boumdnmcondiion {Add]
* Use nonlinear elasticity model et

e The material in this case is Polycarbonate

 One side is fixed

10
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On the other side
apply rotational (twist)
boundary condition

Use set of equations
below

Use variables tx(0) for
time and tx(1), tx(2) for
coordinate
displacements

~
8
|

1etry
put file
ody
oundary
E

Juation [Add...

Equation 1

laterial [Add...

Polycarbonate (generic)

ody force [Add...
itial condition [Add...
sundary condition [Add...

Fixed
Twist

(cos(¢) — 1)z —sin(o)y)
(cos(¢) — 1)y + sin(¢)z)

E BoundaryCondition

- O x

Normal-Tangential Coordinate System
Use normal-tangential coordinate system
Change of variables

Dirichlet Conditions

Displacement 1

Displacement 2

Displacement 3

Displacement 1 Condition

Displacement 2 Condition

Displacement 3 Condition

Traction boundary conditions

Mormal Force

Electrostatics ] Heat Equation ] Helmheltz Equation ] Linear elasticity ] Mesh Update ] Navier-Stokes Monlinear elasticity | 4
-

-
I

|'l.l'ariable “time, Coordinate”; Real MATC ™.  _ . _

|'l.l'ariable “tme, Coordinate™; Real MATC ™. . .

o

Apply to boundaries:
[ Boundary 1 [ Boundary 2

[ Boundary 3 [ Boundary 4

-~ - . = i

Lo L_bllle

Mame: |Twist

© hew

" Update W OK

== Remove ‘

11
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Case 2: Beam twisting S Ctra | N

* Perform analysis using .sif
input file and
CRun_Elmer.txt

* Visualize time-dependent
results in ParaView

el
@
et
£
=
o
>
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Thank you for your attention!

http://sctrain.eu/
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