CAELInux : an open source engineering platform
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What is CAELIinux ? A CAE workstation on a disk

o CAELinux in brief
e CAELinuxis a « Live» Linux distribution pre-packaged with the main open
source Computer Aided Engineering software available today.
e CAELinux is free and open source, for all usage, even commercial (*)
e Itis based on Ubuntu LTS (12.04 64bit for CAELinux 2013)

e It covers all phases of product development: from mathematics, CAD,
stress / thermal / fluid analysis, electronics to CAM and 3D printing

o How to use CAELIinux:

Boot : Complete

Live Trial,
satisfied?

workstation
ready for use !

Or
@ CAELinux virtual Machine Running a server in Amazon EC2
% & installation in OSX, Windows cloud computing (on demand, charge
" or other Linux per hour) amazon \ECZ
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CAELInux: History and present

o Past and present:

CAELIinux started in 2005 as a personal project for my own use

Motivation was to promote the use of scientific open source software in
engineering by avoiding the complexities of code compilation and
configuration. And also, | wanted to have a reference installation of Code-
Aster and Salome that | could install for my own use.

Until now, 11 versions have been released in ~9 years. One release per
year (except 2014).

Today, the latest version, CAELinux 2013, has reached 63’000 downloads
in 1 year on sourceforge.net.

CAELinux is used for teaching in universities, in SME’s for analysis and by
many occasional users, hobbyists, hackers and Linux enthusiasts.

The main distribution is still developed by myself on my free time which
explains the slow updates.

A community has formed around CAELinux with many contributors
participating in the documentation, tutorials and support on forums and
wiki
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What can you do with it?
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H El @ - @ @ @ @ @ >l » EIM» Jf software serial #2: TK = digital pin 4, RX = digital pin 5

Comba View [ SoftwareSerial portTwa(4, 51;

Labels & Attributes

void setupf)
{

A7 Start the hardware serial port
Serial.begin{9600);

Application
v E PartDesignExa £ Start each software serial port
» ® pad portOne, bezin{96003;
o portTwo. begin{9600);
» @ Pocket 4
void loep{)
Property Value

£ By default, the last intialized port is listening.
#f when you want to listen an a part, explicitly select it:

maximum)

® I‘ PartDesignExample : 1 $§ Ih EngineBlock: 1 3§ ‘E”‘

350.65 x 252.97 mm

ArdL

~ DC_DC_Buck _Converter (/usr/share/scilab/modules/xcos/demos/Electrical/DC_DC Bucl = + X

Edit View Simulation Format Tools 2

File Edit View Settings Select Buffer Connects Info Window '___;phi_._;____?_'mOE

. solder
M cno
B power

signall

a >® aa

2 @

signal2
B unused
Route Styles

(®) Signal
() Power

Voltage measurement

= Unnamed ( .7 [Terminal - jeug... [Terminal - jcug... ®@ TwoPortRe

CAD/electronics and system simulation: FreeCAD, gEda, Arduino, Scilab/Xcos
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What can you do with it?

43 Applications

Places System [~ | B} @ : 3 = 1) Wed Oct 26, 5:52 PM @ caelinux (b
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L

Variables' List @ ® |- Octave Terminal | *
‘ Fo © ® Figurel e ‘news'. (%15) integrate(1/(sqrt(x)+1),x);
(%05) 2 (ﬁ+1)—2 1og(ﬁ+1)
>3] i
- ‘s 3/m/plot/ '
Name Size Bytes F (%18) plot2d(%05,[x,0,1]1); v
+ Loca - -
d' and a - -
the mesh |We|c0met0 wxMaxima |Ready for user input
- Y(1i), )
X wvaluesg
B fre@aeaa & ?
tx = ty = linspace (-8, 8, 41)"; 4 2.7 . . . .
[xx, yy] = meshgrid (tx, ty);
r=sqrt(xx.”™ 2+ yy.™ 2) + eps; = 26
tz=sin(r) .J/r; Ad +
mesh (tx, ty, tz); E_‘: command % 25 | |
o
. il
ngator [E5] He e WM g 24 b
fiew atlviews EO,0000, 322,500  scaler 1,00000, 100000 &
mailing Ilist. = 2.3 —
55> tx = ty = linspace (-8, 8, 41)'; z
[xx, yy] = meshgrid (tx, ty); £ 22} i
|1‘h0mefcaelinux u Go r o= sqrt (xx .~ 2 4+ yy .M 2) + eps; - 3
tz = sin (r) ./ r; o o21f h
Filters:| *m : mesh (tx, ty, tz);
1 1 1 1
||l cFD-OpenFOAM 53> 2, 02 s e o8 )
|l CFD-Saturne X
|l Desktop Command line>> . 0213415 1.99421

[E Dncuments b L

* [Uupdate Manager] @ wxMaxima 0.8.4 [uns... B Gnuplot (window id:0) * QtOctave [Empty] [Three-Dimensional P... s gplt

Mathematical modeling and programming: Octave, Maxima, R, Python/Scipy
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What can you do with it?

43 Applications Places System [>_] @

D@ Xx|@ -~

File Edit View Mesh Controls Modification Measurements JTools » SRILUOME 5|

VTK scene:1 - viewer:1

Object Br... &=

Name

Geometry
4 Mesh

$ Hypotheses
| 3 Algorithms
¥ Mesh_1
* Fuse_1
- % Applie...
- % Applie...

0@y

Post-Pro

Study Name:

UNV Mesh File:
Inlet Groups:
Outlet Groups:
Wall Groups:

Inlet Ux:
Inlet Uy:
Inlet Uz:
Inlet K:
Inlet Epsilon:
Nu:

GOI

[Update Manag... [caelinu aelin...

Base directory:

Symm. Groups:

[Pipe

File Edit View Sources

SBEwae ? @AH- K- mwme”

2
-

T :
|/home/caelinux

i/home/c aelinux/CFD-OpenFOAM/pipe.unv

IF1

[F2F3

s
\Walls

ParaView 3.10.1 6...

m SimpleFOAM CFD...

>

e

3 = 4) Wed Oct 26, 4:04 PM @ caelinux (b

Filters Tools Macros Help

» | Surface

X » »

VCVPRTOEEL®

| =0 3]

EEEE

Quit | D[ ]

[Terminal]
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CFD: Salome / OpenFOAM or Code-Saturne
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What can you do with it?

0 » [ Geometry
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Thermo mechanics: Salome / ElImer or Code-Aster or Calculix
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What can you do with it?

{3 Applications Places System [>_ |2} @ P = ) Wed Oct 26, 5:39 PM @ caelinux
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Biomedical image analysis and modeling: ITKSnap / VoxelMesher/ Calculix
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What can you do with it?

W Applications n Places &% System n 4)) f; ’T i Wed, 18Feb 15:19 - jcugnoni

> PyCAM Visualization
File Tools Machine Expert Help v  Center Front Back Left Right Top Bottom

Select a quickprint profile: .
High quality print Bounding Box: Ax: 130.000 mm Ay mm Az:10.000 mm
ours 2 = Model corners: 0.000.. 130.000 0.000 00 -10.000..0.000

(s) Normal quality print
B 2l ete 267 gram
Fast low quality print | ‘

Other:
Print support structure

& File Edit Filters Render View Windows Tools Help SHEHE]

A , =5, &

FOV: 80 Vertices: 724
FPS: s09.1 Faces: 1444

; *) [Nicolas Borboén : Co... €& MeshLab v1.3.0-[Proj... @ [OpenSCAM -tmp/pat... i OpenSCAM -tmp/pat... @ Cura-13.11.2 £ PyCAM Visualization ~ [PyCAM]

CAM, milling simulation, 3D printing: Pycam, PCB2Gcode, OpenSCAM, Cura
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What is iIn CAELInuUx ?

CAE analysis process

o Design,
Meshing ,
Pre-pro
e FreeCAD

Salome

GMSH

Netgen

HelyxOS

EnGrid

Discretizer

ElmerGUI

CGX

o Solvers:

Code-Aster (FE)
Code-Saturne (CFD)
Syrthes (FE, thermo)

OpenFOAM (FV,
CFD/multiphysics)

Elmer (FE /
Multiphysics)
Impact (FE)

Gerris (FV, CFD)
MBDyn (Multibody)

Joél Cugnoni, www.caelinux.com

19.02.2015

10



Code-Aster Workflow in CAELInux

-Meca
galome Solution /{ow

ASTK front-end ____>Salome Visu/
Code-Aster solver(* ParaVis modul

Paraview
MELD plugin

Salome GMSH

Abaqus \VCGX GMSH Stanley

CAD geometry or other \/

IGS/STEP Netgen

*Two versions of Code-Aster are available in CAELInux:
- STA and NEW from Salome-Meca with OpenMP parallelism (MULT_FRONT solver)
- Custom NEW MPI version with PETSC & MUMPS parallel solvers in /opt/aster
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CAELinux / Aster documentation: how to get started

o Getting started:

e CAELinux Wiki (http://www.caelinux.org ):
many valuable tutorials, some interactive, some on PDF, different level of
complexity. Many user contribution in “Contrib” section!

e Code-Aster.org: free & high quality Training material
(http://www.code-aster.org/V2/spip.php?article282 )

e Salome-Platform.org: Salome tutorials for all levels (http://salome-
platform.org/user-section/salome-tutorials )

o Documentation on Code-Aster.org :
e Start with U2 methodological documents, very valuable guidelines & tips
e Identify the main commands to use and read the U4 docs

e In case you need it, read the corresponding Reference doc to understand
the theory behind

e Find an validation test (V doc) or search (grep?) in “Astest” folder for a
COMM file that is close to what you need, try to replicate it and check.
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Salome / Code-Aster: examples

Optimization: Salome + Python + Scipy => Parametric FEA => Code-Aster solver
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Flexibility of the platform: Python used for external optimization loop (Scipy), in
Salome for parametric CAD/FE mesh & within Aster solver for custom post-pro
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Fluid-structure interactions

Added mass, wet eigen frequencies and divergence of an hydrofoil

frequences normalisées amorties du modele 2

tracranca (1]
o

20 xa 25 7 30 Iz
wilirsda [mbk]

——lsbpinic 1 —8—Tnbguante 7 rm-qm3|

Advantage: unique possibilities of Code-Aster to compute added mass, stiffness
and damping from a potential theory.
Issue: hard to validate because of lack of experimental data...
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Future work & needs (Research at EPFL)

o Migrate homogenization methods developed at LMAF to Code-Aster

_RVE generation

Modelling from X-Ray tomography
(d) =

Metal matrix composites Porous ceramics Alloys ( here SnAgCu solder)
2000 (b) . . Cubes r?Sﬂnm . ‘ xsiﬂ"
== =ccompgrassion

2500 -
14

Opportunity:

develop an open source homogenization platform
(equivalent to Digimat)

Need:

-high performance parallel processing in non-linear
problems & robust solvers, maybe dynamic (explicit)
-cohesive contact models (not elements)
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Future work & needs (Research at EPFL)

o Migrate LMAF’s bone modeling tools (VoxelMesher) to Code-Aster

Opportunity:

develop an open source platform for biomedical engineering

Need:

-time to write a mesh writer to Aster (MAIL format) & implement element-wise elastic
properties in a COMM file using an external file as input

-cohesive contact models for interface modeling, Drucker-Prager plasticity with
damage and efficient parallel solvers (>3MDof)
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Future work & needs (Research at EPFL)

Max. ®
Criterion,

Critical ply,
Failure mode @

Max envelop of layerwise criteria

Joél Cugnoni, www.caelinux.com

o Further development of Composite modeling
tools:

Regression, resorption of features in this field
recently

Improved & simplified inputs for multilayer shells
(one MACROQO?)

Improved performance & simplicity for multilayer
shell post-processing and composite failure
criteria : implementation of Hashin/Puck, Tsai-Hill,
Tsai-Wu, LARC, Hoffman failure criteria

Faster post-processing (not layer by layer):
computation of envelope of maximum inverse
safety factor and critical ply number and failure
type through all layers => one field with all
relevant results

Further development of mixed mode cohesive
models for delamination simulation

19.02.2015
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Code-Aster and CAELInux: experience

o What works well:

Versatility and flexibility of Code-Aster / Salome / GMSH environment is great
Many complex simulations are possible, many tuning options

Very open to code coupling and file transfers, integration with external tools
and custom developments in Python or Fortran

Requires a trained user which knows what is behind (this is a + in the end)
Diffusion of Aster through Salome-Meca is great
Frequent updates of Code-Aster, valuable forum and feedback from Devs

Aster is at the fore front of research in some domains but remains a
generalist FEA solver with excellent multiphysics capabilities

Many improvement in parallel solution performance recently, becomes also
more robust with contacts

For CAELInux: it has found a great audience, is used worldwide!
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Code-Aster and CAELInux: experience

o What could be improved:

English doc is hard to read... start an open human « translation project »?
More methodological docs & intermediate level tutorials to ease learning

Salome Wizards could be expanded to help the transition between beginner
and expert levels

Small community, needs more interactions to keep it alive

Default settings in non-linear solution and automatic time stepping could be
improved for better performance. Trying to replicate (and set as default)
Abaqus time stepping / convergence analysis would be highly beneficial.

Display performance issues in Salome Mesh & Visu but improved recently

Some inconsistencies in post-processing, issues with Von Mises in
tetrahedra, slow post-processing (CALC_CHAMP) compared to solver...

Deploying Linux in companies remains an issue, even with Virtual Machines

More synergies between actors should be found to mutualize development /
training and support

For CAELinux: should migrate to an open development model

Joél Cugnoni, www.caelinux.com 19.02.2015
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CAELInux: Development and future

o Development process:

e CAELinux uses Ubuntu LTS 64 bit as a base and Remastersys to build the
final ISO image of the distribution

e Use as much as possible existing Debian/Ubuntu packages, but some are
outdated or lacking features like parallel solvers.

e Build « hand made » packages for key CAE software such as Code-Aster,
Code-Saturne, Elmer to use recent versions and enable parallel MPI
solvers and optimized math libraries

e Building a reference image with all chosen packages and final
customization (desktop layout, shortcuts, docs & tutorials) using
Remastersys.

o Future

e Development of each package and production / testing of the final
distribution is still mostly manual and iterative but ensures good stability.

e Moving to collaborative development is a goal but transition is difficult
e anew release is planned for Q4 2015 based on Ubuntu 14.04.

Joél Cugnoni, www.caelinux.com
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Other workflows: Code-Saturne

CAD + Meshing in Salome => MED mesh => Code-Saturne Wizard + GUI =>

43 Applications Places System »n®

2 © @ SALOME 5.1.3 - [flowstep]
File Edit Wiew Mesh Controls Modification Tools

| S
.

dit View Visualization Representation TJools Window Help

Code-Saturne Solver (MPI) => Post pro in Salome or Paraview

= B 4) Tue Aug 31, 11:03 PM @ jcugnoni
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OCC scene:l - viewer:1 VTK scene:2 - viewer:1
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-
(=]
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Browser
2

EE

VTK scene:3 - viewer:1

Name

Post-Pro

8 chr.med.08312246
E- Fluid volume

- Families

. i-onNodes

. @ onCells
- Fields

- CourantNb, -
(- Dissip, -
- FourierNb, -
- Pressure, -
- TurbEner, -
- TurbVisc, -
- Velocity, -

[

(- total_pressure, -
Presentations
- It Vectors

4P StreamLines

Study Name: |flowstep

Case Name: |casl

Base directory: |fh omefjcugnoniftmp

MED Mesh File: |f0pt."caelinux.fdocs,rtutoriaIsfFIowStepSaturnefﬂowste;

oo |

[Terminal]

Joél Cugnoni, www.caelinux.com
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Slider/{ Object Browser [ . |
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OpenFOAM Workflow for CFD

Solution
EnGrid
Q OpenFOAM solvers — s ParaFOAM
@
Q Dlscretlzer \ OpenFOAM
) postpro
OpenFOAM native
polyMesh
Salome

o% Paraview

OpenFOAM utllltles

Netgen —oW

2 OpenFOAM SnappyHexMesh

S

GMSH \

STL model
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Example: EnGrid — OpenFOAM (CFD)- Paraview

Q v SOEANE PUXESE QO 98O0

-~ | Boitier papillon, CFD

centre

EnGrid:
Maillage mixte prisme/tetra
Prepro OpenFOAM

63378 volume celis(31698 tetras, 0 pyramids, 31680 prisms, 0 hexas), 8956 surface cells(8856 triangles, 100 quads), 23492 nodes, picked cell: tr [3486,3500,3484] codew1 id=2717

OpenFOAM: e

Properties | Display

style

Solveur SimpleFOAM Se——

interpolation | Gouraud

Material None

Stationnaire, turbulent, incompressible == =:

Volume mapper

L] |

ParaFOAM: -
Post-traitement / visualisation

Sample Distance
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Exemple:
Discretizer::Setup — SnappyHexMesh - OpenFOAM - Paraview

© ®©® Paraview 3.8.0
File Edit View Sources Filters Tools Macros Help

XL 1LY
B % e (v] (Magnituc]~ Surtace D Ezdkkadis BFEec

VEIRITOEEL®
Pipeline Browser (FE]E]m]

@ builtin:
|
@ W motorBike.OpenFOAM

Modéle STL |: i
Maillage SnappyHex
PrePro Discretizer

Object Inspectar

Eile Edit View Show Mesh Create Solver Run Post Dev

HOROE ¢« aacama
item |attr | |attr | |att
Solver solver snappyl
Solver Settings

controlDict

fvSolution

Boundaries

Fields

Zones

B 0 [N P P N P )

Faces

R 2

Readv.
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Multiphysics simulation workflow with Elmer (FE)

Résolution
ElmerSolve

Q\° (Heat, magnetism, —— ElmerGUI

I\ eldsticity, electricity,

R Elmer GUI flu?él flow) y
ElmerPost

/ \ Elmer native
Mesh
Salome

Paraview

m
EImerGrld
Netgen UM
§ Elmer is a multiphysics FE solver
GMSH with implicit coupling: seggregated

physics FE solvers linked in an
iterative minimization loop.

Elmer supports parallel computing
through OpenMPI.
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Exemple: Salome (unv) - EImerGUI —Elmer

Echangeur de chaleur tubulaire: Navier-Stokes + Transfert Chaleur (cond. + conv.)

Applications Pl ystem [~ | 7} (@ 800 MHz 1y ) Sun Nov 14, PM @ jcugnoni ¢H

surfaces |Vectors | Isocontours || Isosurfaces| Streamlines  Colorbar ~ Text  Preferences  Redraw

Linear elasticity Saveline |NavierStokes Resulﬂdw

Activate for this equation set
Active [*]

Give Execution priority

Priority 2] I
Options

Convect 7]
This and that

Element Codes [ J

Apply to bodies:
& Body Property 1

v

3 Edit Solver SethE

Name: ‘ﬂnwheat |

< New « Update & 0K = Remove

[/homefjcugnoniftmr . [jcugnon e cu ElmerGuUI m [ELMER POST GRAPHICS] ElmerGUI postp - Equation

Joél Cugnoni, www.caelinux.com 19.02.2015 29



How to deploy / use CAELInux ?

Live use

*LiveDVD:
burn ISO image to DVD
*LiveUSB: prepare bootable
USB disk with Unetbootin or
other tools (see
pendrivelinux.com)
*Boot computer with live
media

Download ISO image on
CAElinux.com or Source Forge

Installation on Hard disk
(multi-boot)

*Resize Windows partition
first.

*Install along Windows for a
simple multi-boot use

_—

Installation in virtual machine

«Create a Virtual Machine
(VirtualBox/VMWare) for
Ubuntu 64nit

*Boot virtual machine with
ISO image

*|Instal CAELinux in the
Virtual Machine

*Use from Windows, Mac
OSX or other Linux

Amazon Cloud computing
(need account)

X2go remote desktop client

On demand execution on
Amazon Elastic Cloud
Computing « Cluster
compute » instances

«Start instance
*SSH connexion

*X2Go remote desktop
connexion

*Upload model files
*Run simulation
*Download results
*Stop and kill instance

K Local useon |
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CAELInux in the Cloud on Amazon EC2

o Start instances of CAELInux from aws.amazon.com

Amazon Web Services N = S
&= () aws.amazon.com ka8
[ Suggested Sites [ Web Slice Gallery 1 Other bookmarks
a a Sign in to the AWS Management Console Create an AWS Account English
webservices”
AWS Products Developers Community Support Account
- Sign up for a free
Get Started Wlth AWS for free! Amazon Web Services Account

New AWS customers can receive a free usage
tier of compute, storage, and bandwidth
every month for one year.

* Learn More...

Get Started

2|3 Business Managers

Learn how Amazon Web Services

Ne\r"v"s & E\"e nts enables you to reach business

goals faster:

What's New? Media Coverage Upcoming Events
Solutions & Use Cases
MNov 15, 2010 Announcing Cluster GPU Instances for Nov 09, 2010 Amazon CloudFront Announces X
Amazon EC2 General Availability, Support for Security Center
. Custom Origins, and Service Level X
Nov 15, 2010 Amazeon Elastic MapReduce Announces Agreement Economics Center
Support for Cluster Compute and
Cluster GPU Instances Mov 01, 2010 Amazon 53 Reduces Storage Pricing Case Studies
MNov 10, 2010 Introducing Amazon 53 Multipart Oct 21, 2010 Announcing AWS Free Usage Tier Service Health Dashboard
Upload
E RSS » View all Solution Providers
Videos & Webinars
Products & Services AWS Blog
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CAELinux in the Cloud: remote desktop

[m] Neatx - ubuntu@ip-10-235-79-88.eu-west-1.compute.internal:256 - icappc79
AWS Management Cons... G J

€ c

43 Applications Places System &9 1)

{3 https://console.aws.amazon.cd G X o Y- VRe) YT -9 B I (TS Gy T &)

Qubuntu () - Wed 17 Nov, 2:05 AM |

[ ] Suggested Sites

[ ] Web Slice Gallery

> Instances

> Spot Requests

> AMIs

> Volumes

> Snapshots

> Elastic IPs
> Security Groups

> Placement Groups
> Load Balancers

> Kev Pairs

aws.amazon.com AWS | Products 0§
Amazon S3 Amazon EC2 Amazon VP!
Region:

B8 EU West v Getting Star]
ht i
INSTANGES To start usini
INSTANCES

launch a virty
EC2 instance

i

Note: Yol

Service Heal

Current Statug
Amazon §
Ireland)

File Edit View Visualization Representation Tools Window Help

BEIUT, HE]

#- & Applied hypotheses
#- 32 Applied algorithms
- Groups of Faces
Aster
[=)- linear-static
#-Data
- Astk parameters
- Results
- & Post-Pro
B * linear-static.rmed
=- MAIL
[#- Families
- Groups
[ Fields
#- RESU___ DEPL
#-RESU___ EQUI_NOEU_SIt
#- RESU___ SIGM_NOEU_DE
[} Presentations

ScalarDef.Shape

o

Joél Cugnoni,

www.caelinux.com

D - a x _‘_'_I ‘é;‘ :: ¥ Post-Pro i]w d LIS :5 ? [ /| e i ﬁ @ ? lf‘?' a % JM » :': » » i g »
Object Browser g= OCC scene:1 - viewer:1 VTK scene:1 - viewer:1 =
Name B O LLAHSLSIOG OB L @RS =0 O

& 63 Geometry & L

#- @ piston.stp_1 Position: (-28.5654; -27.8682; -60.8609)
G- B Mesh Sze: (656.2069; 55.7591;67.0418)

- % Hypotheses

- 3 Algorithms

=- % Mesh_1

* piston.stp_1

SRSl
SN

=K LN A
o

From Windows/Mac/Linux!!

Remote desktop with X2Go Client

87.8236

ol
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