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1- “Advances in Comminution”, S. Komar Kawatra, 1%t edition, SME,
2006.
2- “Recent Advances in Mineral Processing Plant Design”, Deepak
Malhotra, Patrick R. Taylor, Erik Spiller, and Marc LeVier, 15t edition,
SME, 2009.
3- “Principles of Mineral Processing”, Maurice C. Fuerstenau and
Kenneth N. Han, 1st edition, SME, 2003.
4- “SME Mineral Processing handbook”, Norman L. Weiss, 15t edition,

SME, 1985.
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5- “Mineral Processing Plant Design, Practice, and Control Proceedings”,
Andrew L. Mular, Doug N. Halbe, and Derek J. Barratt, 15t edition, SME, 2002.
6- “Modeling & Simulation of Mineral Processing Systems”, R. P. King, 15t
and 2" editions, Department of Metallurgical Engineering, University of Utah,
USA, Butterworth Heinemann, 2001, 2012.

7- “Wills’ Mineral Processing Technology — An Introduction to the
Practical Aspects of Ore Treatment and Mineral Recovery”, Barry A. Wills
and Tim Napier-Munn, 7" and 8" editions, Elsevier Science & Technology

Books, 2006, 2016.
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8- “Process Engineering of Size Reduction: Ball Milling”, L. G.
Austin, R. R. Klimpel, P. T. Luckie, 1% edition, SME, 1984.

9- “Comminution — Theory and Practice”, Komar Kawatra, SME,
1992.

10- “ Comminution Practices”, Komar Kawatra, SME, 1997.

11- “Mineral Comminution Circuits, Their Operation and
Optimisation”, T. J. Napier-Munn, S. Morrell, R. D. Morrison, T.

Kojovic, JKMRC, Australia, 1996.
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12- “Mineral Crushing and Grinding Circuits, Their Operation and
Optimization, Design and Control”, A. J. Lynch, Elsevier, New York,
1997.

13- “Crushing and Grinding — The Size Reduction of Solids
Materials”, G. C. Lowrison, CRC Press, USA, 1974.

14- “Introduction to Mineral Processing Design and Operation”, A.

Gupta & D. S. Yan, 2006.
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1- “Finite Element Modeling for Stress Analysis”, R. D. Cook, John
Wiley & Sons, 1979.

2- “Fundamentals of Finite Element Analysis”, D. V. Hutton, 1%
edition, Mc Graw Hill, 2004.

3- “The Combined Finite-Discrete Element Method”, Antonio
Munjiza, 1% edition, John Wiley & Sons, 2004.

4- “Introduction to Finite Element Methods”, Carlos A. Felippa, 1%

edition, University of Colorado, 2001.
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5- “An Introduction to the Finite Element Method”, J. N. Reddy, 3™
Edition, McGraw-Hill, 2005.

6- “Solution Manual for An Introduction to the Finite Element
Method”, J. N. Reddy, 3th Edition, McGraw-Hill, 2005.

7- “Finite Element Procedures”, K-J Bathe, 2™ edition, Massachusetts
Institute of Technology, 2014.

8- “The Finite Element Method — Its Basis & Fundamentals”, O. C.

Zienkiewicz, R. L. Taylor & J. Z. Zhu, 6 edition, Elsevier, 2005.
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9- “Concepts and Applications of Finite Element Analysis”, R. D.
Cook, D. S. Malkus, M. E. Plesha, R. J. Witt, 4" Edition, John Wiley &
Sons, 2002.

10- “The Finite Element Method in Engineering”, Singiresu S. Rao,
4t Edition, Elsevier, 2005.

11- “Introduction to the Finite Element Method”, Evgeny Barkanov,

Riga Technical University, 2001.
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12- “COMSOL 5 for Engineers”, M. Tabatabaian, Mercury Learning
and Information, David Pallai, 2016.

13- “Multiphysics Modeling using COMSOL — A First Principles
Approach”, R. W. Pryor, Jones and Bartlett Publishers, 2011.

14- “The Finite Element Method and Applications in Engineering
Using ANSIS”, 2" edition, E. Madenci & I. Guven, Springer, 2015.

15- “Smoothed Particle Hydrodynamics — a meshfree particle

method”, G. R. Liu & M. B. Liu, World Scientific Publishing Co., 2003.
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16- “Smoothed Particle Hydrodynamics (SPH): an Overview and
Recent Developments”, M.B. Liu & G.R. Liu, Arch Comput Methods
Eng (2010) 17: 25-76.

17- “Smoothed Particle Hydrodynamics”, J. J. Monaghan, Annu. Rev.
Astron. Astrophys. 1992. 30:543-74.

18- “Numerical methods: simulations with smoothed particle

hydrodynamics”, Philip Anderson, Nobel Lecture, 1977.
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19- “Fluid Simulation using Smoothed Particle Hydrodynamics”,
Burak  Ertekin, MSc Computer Animation and Visual E
ects, Bournemouth University, 2015.

20- “Application of the Smoothed Particle Hydrodynamics model
SPHysics to free-surface hydrodynamics”, Alejandro Jacobo Cabrera
Crespo, PhD Thesis, UNIVERSIDADE DE VIGO, 2008.

21- “Lagrangian Fluid Dynamics Using Smoothed Particle

Hydrodynamics”, Micky Kelager, University of Copenhagen, 2006.
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22- “Simulation and Rendering of a Viscous Fluid using Smoothed
Particle Hydrodynamics”, Marcus Vesterlund, Master Thesis, 2004.

23- “Smoothed particle hydrodynamics”, J. J. Monaghan, Rep. Prog.
Phys. 68 (2005) 1703—1759.

24- “The implementation of Smooth Particle Hydrodynamics in

LAMMPS.”, G. C. Ganzenmuller, M. O. Steinhauser & P. Van

Liedekerke, 2011.
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25- “Smoothed Particle Hydrodynamics Real-Time Fluid Simulation
Approach”, David Staubach, Bachelor Thesis, 2010.

26- “Coupled CFD-DEM modeling : formulation, implementation
and application to multiphase flows”, Hamid Reza Norouzi, Reza
Zarghami, Rahmat Sotudeh-Gharebagh, Navid Mostoufi, School of
Chemical Engineering, College of Engineering, University of Tehran,

Tehran, Iran. John Wiley & Sons, 2016.
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A simulation of aerodynamic package of a Porsche 987.2 Cayman.

A simulation of the Hyper-X scramjet vehicle in operation at Mach-7

https://www.ansys.com/products/fluids

A computer simulation of high velocity air flow around the Space Shuttle during re-entry.
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ANSYS Fluent:
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U ANSYS Fluent software is the most-powerful computational fluid

multiphysics applications.

faster as you optimize your product's performance.

dynamics (CFD) tool available, empowering you to go further and

U Fluent includes well-validated physical modeling capabilities to

deliver fast, accurate results across the widest range of CFD and

//////4§§§?

® = Fully Supported
A = Limited Capability
O= Requires more than 1 product

Internal Radiation - Participating Media

(CFD) 5 buslme ¥l <oy 3
r— \f

*

Internal Radiation - Transparent Media

External Radiation

Solar Radiation & Load

e 0|0

Simplified Heat Exchanger Model

Non-equilibrium Thermal Model

e (8 o0 0 0|0

Prorous Media

Particles Flows (Multiphase)

Coupled Discrete Phase Modeling
including Thin Wall Films

3

Macroscopic Particle Model

Inert Particle Tracking (With Mass)

Liquid Droplet (Incl. Evaporation)

Combusting Particles

Multicomponent Droplets

Discrete Element Model (DEM)

Break-Up And Coalescence

Erosion
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CAD ol e ldle 5 oy5,s nsT » Sls Design Space ANSYS 13 5 Q
«(PTC Creo Elements Pro) (Pro/Engineer) ,coulgy Jols a5 somaw
J56ss  «(Autodesk Inventor) ,guen! (SOLIDWORKS) .5 50l
(Sl i) S8l X (Autodesk Mechanical Desktop) obsws
ol gulaie 548 0 (Solid Edge) I aJl. 4 (Siemens NX) (unigraphics)
Slaces B 5l g 00ges ool (Catia) LS l38le 5 9,5 Sledbl 5l Wil o 38le 5 ol A
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D

WHY PTC PRODUCTS & SOLUTIONS EDUCATION & SUPPORT TRY & BUY

Pro/Engineer is Now Creo

Pro/ENGINEER is now PTC Creo, but it's not just a name change it's so much
more! Creo is a suite of solutions offering integrated 3D CAD/CAM/CAE

software.

TRY TODAY
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/mvw.plm.automation.siemens.com atfen/products/nx/

SIEMENS

= 8 Search for. 0,

NX <
Siemens NX software is a flexible and powerful integrated solution that
helps you deliver better products faster and more efficiently. NX delivers

the next generation of design, simulation, and manufacturing solutions
that enable companies to realize the value of the digital twin.

Supporting every aspect of product development, from concept design
through engineering and manufacturing, NX gives you an integrated
toolset that coordinates disciplines, preserves data integrity and design
intent, and streamlines the entire process

Start Free Trial
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ansys-cfd-scale-resolving-turbulence-cylinder-drag
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O-ANSYS Fluent

Power Emmission
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O CFB = Circulating Fluidized Bed
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OpenVFOAM

Home Products Services

FOAM Community

orial Wiki

Report a Bug

The open source CFD toolbox

Download Code Documentation Community News

6™ Open\/FOAM
Conference 2018

ermany e 1

ctober

1 arch - Milan, Italy
16-19 April Madrid, Spain
14-18 May - Frankfurt, DE

REGISTER NOW

&th ESI OpenFOAM User
Conference 2018

Octpher 2335 2018: Registrtion
is now open. Venue: Radisson Blu
Hamburg A
Mar

Hotel, Germany

ESI OpenCFD releases
OpenFOAM-VIT12
ESI-OpenCFD is pleased to
announce the relesse of
OpenFOAM v1712 of the
OpenFOAM open source CFD.

ESl OpenCFD releases
OpenFOAM-1708
ESI-OpenGFD is pleased to
snnounce the relesse of
OpenFOAM v1708 of the
‘OpenFOAM apen source GFD
toalbox

2/20/2021

65



(CD) Flutre N el 5penVFOAM

,r//
O About OpenFOAM

U OpenFOAM is the free, open source CFD software released and developed

primarily by OpenCFD Ltd since 2004. It has a large user base across most
areas of engineering and science, from both commercial and academic
organizations.

U OpenFOAM has an extensive range of features to solve anything from complex
fluid flows involving chemical reactions, turbulence and heat transfer, to
acoustics, solid mechanics and electromagnetics.

U OpenFOAM is professionally released every six months to include customer

sponsored developments and contributions from the community. It is
independently tested by ESI-OpenCFD's Application Specialists, Development
Partners and selected customers, and supported by ESI's worldwide

infrastructure, values and commitment.

(CFD) _Jbusloes ¥l <raliy 3

- OpenVFOAM

U About OpenFOAM

U Quality assurance is based on rigorous testing. The process of

code evaluation, verification and validation includes several

hundred daily unit tests, a medium-sized test battery run on a
weekly basis, and large industry-based test battery run prior to
new version releases. Tests are designed to assess regression
behavior, memory usage, code performance and scalability.

O OpenFOAM releases are scheduled every six months in June and

December.
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ANSYS CFX:

ANSYS CFX is a high-performance computational fluid dynamics (CFD) software tool
that delivers reliable and accurate solutions quickly and robustly across a wide range of
CFD and multi-physics applications. CFX is recognized for its outstanding accuracy,
robustness and speed with rotating machinery such as pumps, fans, compressors, and
gas and hydraulic turbines.
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SIMULATION OF
EXISTING MIXER

Velopey
5

Ry | IR A
@ " o5 i
e oy

Existing Design Proposed Design

Mixing was improved with a reduction in power consumption.

(CFD) (Sl ¥l Sualis d

S ———

Velocity vectors for initial (left) and final design showing improved mixing performance. In the improved design, the

curved cone and the impeller rotate as a single body, achieving better mixing. The proposed impeller generates stronger
downflow than the existing design.
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etacomp Technologies
METACOMP TECHNOLOGIES
Software Review
By: Sepideh Jafarzadeh
MAE 598 — Experimental Computational Fluid Dynamics
(CFD) _Slulore Yl ualia 3
== _—— e = % ——— st e
e FLUENT L CFD++ aylio O

Stl‘engths & Weaknesses (as compared to Fluent)

Strengths Weaknesses

* Moving mesh provides flexibility for multiple |« | imited variations in number of parallel
grids as well as rigid body dynamics

= Fast processing time using coupled. implicit
solution with multi-grid acceleration

= Separated & reversed flow prediction = Expert knowledge required to correctly set

processes used

= Data extraction issues with large datasets

capability up and run multiple processes (not useful for
= Second-order accurate, implicit time-

) . ) . ) educational purposes)
integration with dual time-stepping for

= Customization for specific applications is

unsteady flow
= New turbulence-chemistry interaction costly and complex
models = Only few sources available for purchase
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O Softflo (Flo++) e
O Softflo is a South African based CFD software and consulting company. They
develop and market the CFD program Flo++.

Description:

Flo++ is a CFD program for modelling industrial fluid flow and heat
transfer processes.

Platforms:

Pentium or better with at least 64 MB RAM running WingX/NT. Microsoft

Visual C++ must also be installed.
Availability:

The reasonably-priced package (special rates for academic use) may be
ordered through the Flo++ web page. A node-limited evaluation version may
also be downloaded.

Notes:

Applications to a wide range of fluid and heat flow problems including
industrial application areas such as aerodynamic design, mechanical flows,
heating/cooling applications, environmental and bio-medical applications.
Flo++ includes a variety of fluid flow types, boundary condition types, moving
mesh capability. Grid generation capability includes local mesh refinement
and projection.

U0 OO0 OO0 O

oo
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https://www.flowsd.com/

FLOW KX Science’

Products FlowSight Industries Sales Support Resources Academic Program Workshops

~ag, FLOW-3D The Next Generation of

c ' ST Casting Simulation Software

ALL NEW
v5 RELEASED

Learn More
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FLOW3D:— ——

QO Optimize product designs and reduce time to market with FLOW-3D, a highly-accurate
CFD software that specializes in solving transient, free-surface problems. FLOW-3D's
complete multiphysics suite includes our state-of-the-art postprocessor, FlowSight.

0 FLOW-3D provides a complete and versatile CFD simulation platform for engineers
investigating the dynamic behavior of liquids and gas in a wide range of industrial
applications and physical processes. FLOW-3D focuses on free surface and multi-phase
applications, serving a broad range of industries including microfluidics, bio-medical
devices, water civil infrastructure, aerospace, consumer products, additive
manufacturing, inkjet printing, laser welding, automotive, offshore, energy and
automotive.

Q A uniquely powerful, multiphysics tool, FLOW-3D provides the functionality, ease-of-
use and power that helps engineers advance their modeling objectives. Built for the
highest level of performance, FLOW-3D seamlessly scales from standard workstation
solutions to hundreds of CPU core solutions on high performance computing cluster
solutions.

Q High Performance Computing: In-House and on the Cloud

QO Need the highest performance? Faced with massive simulations? Overcoming runtime
challenges? FLOW-3D seamlessly transitions from desktop workstation solutions to
high performance on-demand cloud computing and cluster solutions to cater to the
industry’s most demanding simulations.
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The Leader in Engine CFD

(7 AVL FIRE™

Thermo-Fluid Simulation Software

AVL FIRE™ is the leading CFD simulation tool in the field of combustion analysis. It specializes in the accurate
prediction of all IC Engine relevant processes including injection nozzle flow, fuel injection, combustion, emission and
exhaust gas aftertreatment. The software also supports the development of electrified powertrains and drivelines

AVL FIRE™ is the leading CFD simulation tool in the field of combustion analysis.
It specializes in the accurate prediction of all IC Engine relevant processes
including injection nozzle flow, fuel injection, combustion, emission and exhaust
gas after-treatment. The software also supports the development of electrified
powertrains and drivelines.
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PHOENICS ¢

U PHOENICS is a reliable, cost-effective CFD program with a proven track record
simulating scenarios involving fluid flow, heat or mass transfer, chemical reactions
and combustion for a wide range of applications.

O PHOENICS distinguishes itself from other CFD software through its ease of use
and inclusion of innovative features all designed to help the user achieve the best
simulation possible. You can explore the features of PHOENICS by scrolling
through the graphic below.
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One-way coupling

Continuous-fluid affects particle motion
(e.g., particle rotate by vortex)
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107 _|
Two-way coupling | |
Above plus particle motion affects \ |
continuous-fluid motion \
(e.g., particle wake increases dissipation)

10°

Three-way coupling | /
Above plus particle disturbance of the fluid | |
\

locally affects another particle’s motion
(e.g., drafting of a trailing particle)

102 _|

Four-way coupling

J
N
| |
Above plus particle collision affects | '..
motion of both particles

(e.g., particle reflection)

\ \

100 1

'
Solid volume
fraction

1 Various coupling strategies

CFD s DEM _J3o
e -  —e——— e

L@ﬁ doy 4 axg5 b YW Sdxe Slge So9l,8 Cario O Slles slhazly Sy o (|

Baili g 004 YU L@QT &loyd gsi"”’l""‘ Sade (STyex Gl jo aels Dl)d (YL coz> S

A5l e 48 )b oz &g 4y Jlw 5 5 s

Szl 4 o6 ol louan 5 ksl sibair Jae ks gl el 3oy 0 0
009 omb 28 Jeds 4 ol @ w56 Jaw 5 aiies 4)blhr slagsjluan
iy o ooliinl BB ()T ganseyd 0 D3 ez S
58 Jaa 51 S1y 0593 0 Jaans g crsksl Jae 5l pSTite atanS 56 Joo s 6,58 4 LU

el s gl a8 )b Loz dli g lodnnds el Jas 4o dn

2/20/2021

78



2/20/2021

JNaad O350 &by 09 yuudd 1P g Jad
Smooth Particle Hydrodynamics

Joseph J. Monaghan

&_A‘)é °M)‘9'°“b s_io.al.uéj)s)u.(b
Joseph Monaghan Slo )3 Slinsg,uus
Emeritus Prof

°M)‘9'°“b &_A‘)é s_io.al.uéj)s)u.(b

Emeritus Professor, Sch of Physics & Astronomy

E-mail

Joe.Monaghan@monash.edu

my.menash Current students Staff Library

MONASH
University

ABOUTUS  STUDY  RESEARCH  ENTERPRISE & PARTNERSHIPS ~ INTERNATIONAL ~ OURPEOPLE =~ NEWS & EVENTS  ALUMNI

(SPH) slgen O3 «Cubsdgsnd

R, e

il Abge bl ooy s sla g, 09,5 5l goae sla

R

9y 5l S SPH o9) Q

ol S G s wgame sl s, DS oladl e el slagss, > U

St ol oS 5l (29,5 Wby, cnl ) 9 wbbioed (Sod I, pnd sl Il

g oo b Loll

sy A5t adgi o a8 Cenl ol pley 2alS Wby, nl 5 Jldnul cde Ll O

D9b oo @daptive) i 33y Sl sla g ;o ohg g <13

oae polie 5l Sis Sl Ojsods oS goae polie lo wl SPH s, d

2l oo yolome sloo S

20l et a5 il Jos clllE wgame gl Jolas g, 4 S bsy onl 6y U

il oo o S wlaiel m 395 9 onuzy awaia b gladass 3515

79



(SPH) jlg08 13 «Cuoliy 59 500

= S
*Gma olitio liw Blawe J> sl VAVY Lo yo )b sl sl SPH 55, 1
28,5 1,8 oolatwl o )50

Seoliys conle a5 So58 Pl 5 ks S 50 o5, onl s SPH glayt 517 51Q

Sl a28,5 108 solazwl 5,90 adylo

(59,955 5 gileJae pdlas  Solus Fuly slaaie; ;o s0do 395 and j5 Jhg, oyl a
Sl g el onnny WOVl Sealno «ol3ld oo IS0 ¢S 5 pdlae @,95 1 (g5l Joe

ool 423,518 ooliiul 5,90 0] 15 0

oo jo lalgy a5 cawl pl il 0ald gy ol 4 Ay Coge a5 Yo ales )'ID
55 yeie Dygo dr ] 30 llas 4S5 plee 5 bl S > g Wiad o aliys ol Slatse
el 83T s S5 sl S5 s Plaws 10 o SPH cocols ol conal

o sWe mb
the Dirac delta function (8 function)

Paul Dirac  /d1 rask/
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Schematic representation of the Dirac delta function by =7
a line surmounted by an arrow. The height of the arrow is
usually meant to specify the value of any multiplicative
constant, which will give the area under the function. The
other convention is to write the area next to the
arrowhead.

Paul Adrien Maurice Dirac
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the Dirac delta function (8 function)
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Smoothed Particle Hydrodynamics
Quick review

Note: SPH particles are not actual particles!

 They are really fluid samples of constant mass
Particles are placed inside a container to represent a fluid
Every particle is then assigned a set of initial properties
After every time step (a few milliseconds), update the
properties of all particles

Use interpolation methods to solve the Navier-Stokes
equation to find force contributions, then integrate to

find new velocity and position
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SPH
Particle Properties

» Support Radius (constant)
> Minimum interaction distance between particles
» Mass (constant; ensures Conservation of Mass explicitly)
» Position (varying)
» Surface normal (varying)
» Velocity (varying)
» Acceleration (varying)
» Sum of external forces (varying)
» Density (varying due to constant mass and varying volume)
» Pressure (varying)

» Viscosity (constant)

Smoothed Particle Hydrodynamics
Solver pseudocode

1 while animating do

2 forall:do

3 find neighborhoods N;(t)

4 forall:do

5 compute density p; (1)

6 compute pressure p; (t)

7 forall i do

8 compute forces FP"9:°* (¢)

9  for allzdo

0 compute new velocity v;(t + 1)
1 compute new position x; (f 4+ 1)

2/20/2021
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Smoothed Particle Hydrodynamics
The pressure problem
Fluids cannot be accurately incompressible

Pressure value approximated by Ideal Gas Law:

pV=nRT= p=(k"YV=kp

* k called “gas-stiffness”
¢ Entails assumptions of gas in steady state 092 p 3k
* Does not consider weight pressure

* Causes “pulsing” because of lagging interplay between gravity and
pressure force L5 pas 1ol ye

» Large gas-stiffness can reduce/eliminate the lag and the pulsing
 Alternatively, take density to the power of heat capacity ratio

e But high pressure requires a smaller time-step and thus makes the
simulation more expensive

Smoothed Particle Hydrodynamics (SPH)

Some particle properties —
are determined by The fluid is Fluid d .
taking an average over represented by a e CpEELnl e
neighboring particles particle system
. ¢ 1. Only neighbors contribute to the average
. 2. Close particles should contribute more than
° distant particles

ik

In the average: Use a weight function

2/20/2021
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Before we consider the details...

(SPH) slg0on O35 by 3950

How do we describe our particle system?

Each particle is specified by a state list:

density, pressure, color

mass, velocity, position, force,

Particlei == (m,, v, 1, F., p., p,C))

1

(SPH) slgon O3 <Cuoly 39 50

The Goal

The acceleration of a particle is

dt 1 1 1 1

dV ressure VISCOSIi interactive ravi
—L=q” +a" """ +q, +a "

Let us now learn how to set up the particle list...

2/20/2021
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(SPH) slg0on O35 by 3950

Particle mass

In our s_imulation we choose to have the same mass for
all particles, m;=m

The mass m is calculated by

= (Density of fluid )-(Total volume)
Total number of particles

Note! Do not change the mass during the simulation

Let us now go back to the weighted averages...

How do we determine the density of a particle?

Pi :ijW(rzj) .
J

Weight function or o o
Kernel function

*The density calculation is done every
time step

*The neighbor list must be updated
every time step
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Surface tracking

It is not trivial to know where the surface should be...

> We can find the surface by monitoring the density

> If the density at a particle deviates too much compared
to expected density we tag it as a surface particle

(SPH) ylgon O3 «wls 39w

Pressure
We get the pressure from the relation:

Pi= Csz(pz' _po)

where c, is the speed of sound and p,
is the fluid reference density

2/20/2021
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Let us take a look on the particle property
list again

(mp v, r, F pllp) C)

l

> The next property we focus on is the force

> Velocities and positions are calculated from the forces in a
way similar to an ordinary particle system

> But before we go into that we need to learn more about
taking averages...

In SPH we formally define averages in the following
way:

(A(r)) = j AW (r = r")dr'

In practice we use a discrete version of this:

<A> E:n% AlV( ) Example
&)y —AW(r, '
ST <p>,-z2%ij(m>
i P
<VA>1~ ~ Z&AJV wW(r,) ~ ijW(,,ij)
J J j
vid) =S v,
< >i ;Pi ' ) ’Meshless method!! ‘

V = (Del Operator)

2/20/2021
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Velocities and Forces

Motion equation in elasticity: v _ lv .a+lFm
. p p
We also had: oc=C¢

Now we instead use: ¢ = —pl+ ué

All this together produces the following fluid
equation called Navier-Stokes equation

N Ly Aywvilr i
a  p p P

(SPH) slgen O3 «Cubsdgsnd

/— e

i

» Our task is now to convert each term on the RHS
(Right Hand Side) in Navier-Stokes to SPH-averages

> First term (pressure) becomes:

<——Vp> AL

where P, —_ﬂ{ﬂJr&J

2/20/2021
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(SPH) slg0on O35 by 3950

= e —— e

/ B ———

—

> The second term (viscosity):

< £y. VV> =S V.V (r,)
P P

(SPH) ylgon &153 &.ol».:g)m

Summary

The acceleration of a particle can now be written:

dv. ; e a
pressure viscosity interactiwe gravity
—=a +a +a +a

dt i i i i
plesszne Z VW(

nscoszry A Z V W(

interactie o~y LF-inreracri\e
P,
ravit
aigiawy e (0,0,—g)

i
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(SPH) slg0on O35 by 3950

For each time step:

>

‘;

Y

Y

%

Find neighbors to each particle and store in a list
Calculate density for each particle
Calculate pressure for each particle

Calculate all type of accelerations for each particle,

and sum it up

Find new velocities and positions by using the same

integration method as before...

(SPH) ylgon O3 «wls 39w

I —

The color property?

What is the use of this property?

« We can use it to detect the position of the surface of
our fluid

« We can also use it to find the normal vectors at the
surface (important for rendering!)

o The normal vectors allow us to implement surface
tension

« By adding several color fields we can for example
implement a simple model of flame propagation

/ )
i

2/20/2021
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I —

The color field

> The color parameter is a quantity that is zero everywhere
except at the particle where it has a finite value

> Similar to how we calculated density we now calculate
the average color at particle i as

<C>l~ ~ Z &CJW(VU')

J i

> Deviations of the color field show us where the surface is,
and this case we choose to study the derivative of color
field

(SPH) ylgon O3 «wls 39w

I —

» The gradient of a color field is

<VC>Z- z Z - C, VI (ry)

J

> When the magnitude of the gradient is
larger than a certain value, we tag the
particle as a surface particle

2/20/2021
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B

Surface tension

The force that tends to make surfaces
smooth (like a drop of liquid) can be
modeled in the following way:

aitension =0, <V2C> n,
in.

1

2 m; 2
where n,=(vC) and (v’C) ~Y —LC VW ()
i ; ;
Note: If the magnitude of n; is small we can get numerical problem in the
division above. To avoid this we only calculate n; /|ni| if the magnitude of
n; exceeds a certain threshold.

SPH diwc) 35 392 g0 (S 5 381p 5

—_— —

« Algodoo is a 2D simulation framework for education using SPH&

» pysphed Open Source Framework for Smoothed Particle Hydrodynamics in Python (New BSD License)

» DualSPHysics& is an open source SPH code based on SPHysics and using GPU computing

« Fluidix& is a GPU-based particle simulation AP| available from OneZero Software

s FLUIDS v1& is a simple, open source (Zlib), real-time 3D SPH implementation in C++ for liguids for CPU and GPU.
« GADGET [1] is a freely available (GPL) code for cosmological N-body/SPH simulations

» GPUSPHE SPH simulator with viscosity (GPLv3)

+ SIMPARTIXE is a commercial simulation package for SPH and DEM simulations from Fraunhofer WM

+ SPLASHE is an open source (GPL) visualisation tool for SPH simulations

» SPH-flowe?

+ SPHysicsE is an open source SPH implementation in Fortran

+ SYMPLERE: A freeware SYMbolic ParticLE simulatoR from the University of Freiburg.

» Physics Abstraction Layerd is an open source abstraction system that supports real time physics engines with SPH support
« Pasimodo® is a program package for particle-based simulation methods, e.g. SPH

» Puniod is a freely available visualisation tool for particle simulations

« AQUAgpusphe is the free (GPLv3) SPH of the researchers, by the researchers, for the researchers

2/20/2021
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PySPH Particle Viewer

[ivemader » IR ZEZO® B 48 @S
[~ Saved e RcErEEEal
Directory: | E

Current file: [ elliptical_drop_40.npz \

File count: 0 = ——11 |2

Play: | Loop: Refresh
Solver | Movie |

Current time: | 0.00103366403433 |

Time step: [ 5.48989983076e-05

Iteration: [ 40

Pause solver:

Interval: 0.5 & === 20.0 [ 2.0

Particle arrays P |
fluid |
fluid

Visible: ¥
Show hidden arrays:

Scalar:

Show legend: ¥/
Show time: ¥/

[Launch python Shell| Time = 1.034e-03

SPH diwc) 35 392 g0 (S 5 381p 5

.~

GHNEENERACECHI \MANCHESTER

The University of Manchester

DualSPHysics is based on the Smoothed Particle Hydrodvnamics model named
SPHysics (www.sphysics.org).

U The code is developed to study free-surface flow phenomena where Eulerian
methods can be difficult to apply, such as waves or impact of dam-breaks on

off-shore structures. DualSPHysics is a set of C++, CUDA and Java codes

designed to deal with real-life engineering problems.

2/20/2021
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SPHysICS

SPHvsics ELLNEs Visualization »
Multiple Formulations dv, :72’_ﬂb(i@+iﬂva%b
& Choices d 5 \Pa Ph,
d
a ((‘)fp.-'v.)Jr @; ZP wjz[pa +pava,lj ® (Vg::j g VO (xg's t))} V;'Wy = a’fS;
J€

SPHYSICS Home Page

fram Main Page)

SPHysics - SPH Free-surface Flow Solver
hed Particle Hydrodynamics code

SPH diwc) 35 392 g0 (S 5 381p 5

—— E—

a eSPH);51cs Code:
O SPHysics is a platform of Smoothed Particle Hydrodynamics (SPH)
codes inspired by the formulation of Monaghan (1992) developed
jointly by researchers at the Johns Hopkins University (U.S.A.), the
University of Vigo (Spain), the University of Manchester (U.K.) and the

University of Rome La Sapienza (Italy).

U Developed over a number of years primarily to study free-surface flow
phenomena where Eulerian methods can be difficult to apply, such
as waves, impact of dam-breaks on off-shore structures.

U We are excited to announce that there are 3 codes available: Code
Features, while future versions can be found under (Future

Developments & Releases).

2/20/2021
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T — e

What is Fluidix?

» Fluidix is a flexible CUDA-based parallel particle simulation library which can be used to
create practically ANY particle-based model in high performance using the GPU.

» A development environment combines ease of compiling, running, and learning to allow you
to build both large and small-scale simulations quickly, with only a working knowledge of C

programming required.

SPH 4iux) 33 39290 W 13810 4

® —
f 4 ‘0' FI u Ile by OneZero Software
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a ‘Fﬁm A Fast, Op?SoTrc?:, Fluid Slmumog)

U Fluids vz is a simple, easy-to-understand, efficient
implementation of Smoothed Particle Hydrodynamics on the
CPU. Fluids simulates breaking waves, vorticies, turbulence, and
flows. Designed to allow developers to easily explore and

understand SPH methods.

SPH 4o 58 39590 (S 513810 5
p— —  ————ee—

| GADGET

O GADGET computes gravitational forces with a hierarchical tree algorithm (optionally in
combination with a particle-mesh scheme for long-range gravitational forces) and represents
fluids by means of smoothed particle hydrodynamics (SPH). The code can be used for
studies of isolated systems, or for simulations that include the cosmological expansion of
space, both with or without periodic boundary conditions. In all these types of simulations,
GADGET follows the evolution of a self-gravitating collisionless N-body system, and allows
gas dynamics to be optionally included. Both the force computation and the time stepping of
GADGET are fully adaptive, with a dynamic range which is, in principle, unlimited.

O GADGET can therefore be used to address a wide array of astrophysically interesting
problems, ranging from colliding and merging galaxies, to the formation of large-scale
structure in the universe. With the inclusion of additional physical processes such as
radiative cooling and heating, GADGET can also be used to study the dynamics of the
gaseous intergalactic medium, or to address star formation and its regulation by feedback

processes.

2/20/2021
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SPH aic) 35 392 g0 (S 51 381p 5

¢4 GPUSPH  v4.1released 84 F ok =3 lecnam @lugioes
About J;J(DT/?_

0 1.5
Features

Downloads

Documentation

Gallery
References
The Smoothed Particle Hydrodynamics
Contact simulation. In SPH the continuo th

each other and move at the fluid's velocity.

O GPUSPH was the first implementation of Weakly-Compressible Smoothed Particle
Hydrodynamics (WCSPH) to run entirely on GPU with CUDA.

QO The initial version was developed by Alexis Hérault (INGV, CNAM), Giuseppe Bilotta
(DM, INGV) and Robert A. Dalrymple (JHU).

HYDROCEAN SPH diuo) 35 39590 S 31 331

Aquaplaning simulation

with SPH
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NEXTFLOW

XTFL

SPH diwc) 35 392 g0 (S 5 381p 5
NEXTFLOW Software

Pushing the limits of fluid flow simulation

1=

We provide Computer Aided Engineering (CAE) solutions and services to help
companies design, develop, validate and operate better products faster.

We are breaking the barriers of traditional Computational Fluid Dynamics (CFD): for the past 9 years our
research engineers have been partnering with Centrale MNantes Engineering School Fluid Dynamics
Laboratory to develop new algorithms to solve advanced physics while ensuring ease of use and easy
access to simulation for any user profile. As a result our solutions can be used from concept phase shape
optimization to final design validation and operation simulation independently from the complexity of the

physics to be simulated.

On top of state-of-the-art fluid flow simulation tools using finite volume or finite element approach we are
able to address highly non linear behavior of fluids with advanced methods like Smooth Particles
Hydrodynamics (SPH). SPH pushes the limits of CFD by providing fast and accurate results on very
complex and highly dynamics flows like in tire aguaplaning or gear box oiling, spraying, or in any
environment with free surface, liquid film, droplets, particles, bubbles that interact with static or moving
solids.

2/20/2021
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NEXTFLOW
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/ ' R —
§YMPLER

lic ParticLE simulatoR

Download .zip \_b Download .tar.gz View on GitHub

Data pnvacy statement (Datenschutzerkldrung)

i
IMTEK®

FRIAS

FREIBURG INSTITUTE FOR ADVANCED STUDIES
ALBERTLUDWIGS-UNIVERSITAT FREIBURG
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SPH 4w} 4o Sg2 g0 (S 1 ¥Ip

e e

/y'a SYMbollc ParticLE simulatoR (SYMPLER)?

.z
U Because you are in need for a unified flexible and modular
simulation tool allowing for the investigation of structural,
thermodynamic, and dynamical properties of fluids and solids
from microscopic over mesoscopic up to macroscopic time and
length scales with suitable particle based simulation methods
such as molecular dynamics, dissipative particle dynamics or
smoothed particle hydrodynamics. The user should be enabled to
define her/his own physical models without the need for recoding

or code extensions.

SPH diwc) 35 392 g0 (S 5 381p 5

§ Introduction

The Physics Abstraction Layer (PAL) provides a unified interface to a number of different physics
engines. This enables the use of multiple physics engines within one application. It is not just a simple
physics wrapper, but provides an extensible plug-in architecture for the physics system, as well as
extended functionality for common simulation components.

PAL provides a number of benefits t®game and simulation developers. First of all PAL is very easy to
use, so you can easily integrate physics into your application. Secondly, it does not restrict you to one
particular physics engine. This gives you more flexibility, allowing you to easily upgrade your physics
system if you decide to pursue a commercial engine, select different engines for alternative platforms,
or swap to another engine if the physics engine developers stop development and support for their
engine. This flexibility allows you to choose the engine that gives you the best performance for your
application. Finally, PAL has an extensive set of common features such as simulating different devices
or loading physics configurations from XML, COLLADA and Scythe files.

2/20/2021
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(@D)) AQUAgpusph

HOME ' NEwS ~ DOWNLOAD GALLERY VALIDATIONS WIKI DOXYGEN  PUBLICATIONS

SPH 4iux) 33 39290 W 13810 4
(Q,‘D)) AQUAgpusph | |
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March 4 1871
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Walther Heinrich Wilhelm Ritz FRI
(22 February 1878 — 7 July 1909) was a
Swiss theoretical physicist. Walther Ritz

Alma mater University of Géttingen

Known for Ritz method
Ritz ballistic theory
Ritz-Galerkin method
Rydberg—Ritz combination
principle
Rayleigh—Ritz method

Awards Leconte Prize (1909)

Born 22 February 1878
Scientific career Sion, Switzerland
Fields Physics Died 7 July 1809 (aged 31)
Goitingen
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% Static analysis

= Deflection (o> «» Heat transfer analysis

= Stresses = Temperature

= Strains = Heat fluxes

= Forces * Thermal gradients

= Energies = Heat flow from Convection faces
Cd o

«» Dynamic analysis
= Frequencies
= Deflection (mode shape)

¢ Fluid analysis
=  Pressures

= Stresses = QGas temperatures '
= Strains = Conveppon coefficients
= Forces = Velocities
= Energies
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% Automotive industry 1dgame 13 by o, O
= Static analyses
= Modal analyses o

»  Aerospace industry

= Static analyses

= Modal analyses

= Aerodynamics

= Transient dynamics
= Heat transfer

= Fracture mechanics

= Transient dynamics
= Heat transfer

=  Mechanisms

=  Fracture mechanics
= Metal forming

=  Crashworthiness
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«» Architectural

= Soil mechanics

= Rock mechanics

= Hydraulics

= Fracture mechanics

Creep and plasticity analyses
Composite materials
Aeroelasticity

Metal forming
Crashworthiness
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W COMSOL

WB COMSOL REQ A LIVE DEMO CONTACT NORTH AMERICA 9 LOG IN Q

PRODUCTS VIDEO GALLERY WEBINARS :] el SUPPORT

Now available: COMSOL Multiphysics® and
COMSOL Server™ Version 5.3a

View the 5.3a Release Highlights !
oo o
e

BLOG: How to Solve a Classic CFD Benchmark: The
Lid-Driven Cavity Problem
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What's New in Abaqus 2018

Product simulation is often performed today by engineering groups using niche
simulation tools from different vendors to simulate various design attributes. The use of
multiple vendor software products creates inefficiencies and increases costs. SIMULIA
delivers a scalable suite of unified analysis products that allow all users, regardless of
their simulation expertise or domain focus, to collaborate and seamlessly share
simulation data and approved methods without loss of information fidelity.

The Abaqus Unified FEA product suite offers powerful and complete solutions for both
routine and sophisticated engineering problems covering a vast spectrum of industrial
applications. For example, in the automotive industry engineering work groups can
consider full vehicle loads, dynamic vibration, multibody systems, impact/crash,
nonlinear static, thermal coupling, and acoustic-structural coupling using a common
model data structure and integrated solver technology. Best-in-class companies are
taking advantage of Abaqus Unified FEA to consolidate their processes and tools,
reduce costs and inefficiencies, and gain a competitive advantage.
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LS Dyna

LS-DYNA is a general-purpose finite element program capable of simulating complex

real world problems. It is used by the automobile, aerospace, construction, military,

manufacturing, and bioengineering industries. LS-DYNA is optimized for shared and

distributed memory Unix, Linux, and Windows based, platforms, and it is fully QA'd by
LSTC. The code's origins lie in highly nonlinear, transient dynamic finite element

analysis using explicit time integration.
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| http://www.mscsoftware.com/product/msc-nastran

® D www.mscsoftware.com/product tra B -9

MSC A Software Americas &

SOLUTIONS v PRODUCTS SERVICES & TRAINING v PARTNERS v ACADEMIA v~ RESOURCES v ABOUT US v~ SUPPORT v

. MSCNastran

0 NASTRAN is a finite element analysis (FEA) program that was
originally developed for NASA in the late 1960s under United

States government funding for the aerospace industry.
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.  MSC Nastran

U The eventual formal name approved by NASA for the program,
NASTRAN, is an acronym formed from NASA STRucture

ANalysis. The NASTRAN system was released to NASA in 1968.
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Fhttps://caeai.com/ansys-software-support/ansys-software/mechanical-simulation-software
I\NSYS Careers Academic  Customer Portal ~ Resource Library EE' G+ Follow | 58k

Structural analysis for every application
and experience level

WATCH VIDEO

The goal of this book is to provide students with a theoretical and
practical knowledge of the finite element method and the skills

required to analyze engineering problems with ANSYS®, a
commercially available FEA program.
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Support About ANSYS

e . e
I\N SYS Careers Academic Customer Portal ~ Resource Library ; g,: v (G Follw | 58K
oducts Solutions Sur search

Structural analysis for every application
and experience level

=)

ANSYS structural analysis software enables you to solve complex structural
engineering problems and make better, faster design decisions. With the finite
element analysis (FEA) tools available in the suite, you can customize and
automate solutions for your structural mechanics problems and parameterize
them to analyze multiple design scenarios. You can connect easily to other physics
analysis tools for even greater fidelity. ANSYS structural analysis software is used
throughout the industry to enable engineers to optimize their product designs
and reduce the costs of physical testing.
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h/ttpmys.com/en—gb/products/electronics/ansys—maxwell

ANSYS Careers Academic  Customer Portal  Resource Library :::v Ge Follow | 58k
Soluti S S AN search

Products Solutions Services Support About ANSYS

Maxwell

ANSYS Maxwell ARTICLES
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https://www.plaxis.com/

PLAXIS| INDUSTRIES SOFTWARE SERVICES COMPANY supporT contact W B Q

Modelling complex geo-
engineering projects made
easy

Enhance your workflow with PLAXIS

\ LEARN MORE v TRY DEMO =

— (FEM) 5500 S5 b9

//h@;))wildeanalysm

O PLAXIS is the leading geotechnical finite element software
developed specifically for deformation analysis of soils and rock.
Renowned for ease of use and accuracy;, it will help you optimize
your designs more effectively than applying traditional

conservative calculation methods.
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DIANA FEA
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https://dianafea.com/

~N DIANA FEA NEWSLETIERSIGNUP  LOGIN/CREATEACCOUNT
L1 4
PRODUCTS SERVICES SALES SUPPORT LICENSING ABOUT N

Developer{s) DIANA FEA BV
Initial release 1972, 46 years ago

-—
Stable release 101

Development status Actively developed

Operating system  Microsoft Windows

Platform Windows/x86-64

Type Computer-aided

License Proprietary commercial

Linux

Linux x86-64

engineering, Finite
Element Analysis

software

Website dianafea com

(FEM) 3900 (1321 (595
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0O DIANA (acronym DIsplacement ANAlyser) is a Finite Element Analysis (FEA) solver

developed and distributed by DIANA FEA BV (previously TNO DIANA BV) and several
other resellers worldwide. The software is utilised at both ends of the market, by small
consultancies and global engineering consultants, research institutions and is utilised
by many highly respected educational institutions worldwide in both civil and
geotechnical engineering courses. DIANA is equipped with very powerful solvers which
enables the analysis of a wide range of structures, large and small - with basic or
advanced analyses. A large selection of material models, element libraries and analysis
procedures are available within the package which gives DIANA a large degree of
flexibility.

The main fields of use of DIANA include design and analysis of dams & dikes; tunnels &
underground structures; oil & gas[1] & historical constructions and large reinforced
concrete structures.[2] Some of the specialised analyses available in DIANA for these

fields of use include seismic analysis;[3] fire analysis and young hardening concrete.[4]
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ASKA (Abkurzung fur: Automatic System for Kinematic Analysis)

0 The program system ASKA (abbreviation for: Automatic System for Kinematic Analysis)
was one of the first universally applicable computer programs for calculations according
to the finite element method.

0O The development of ASKA began at the beginning of the 1960s at the Institute for Statics
and Dynamics of Aerospace Constructions (ISD) at the University of Stuttgart under the
direction of John Argyris.

Q The first version, ASKA 105, was developed in assembly language Sleuth on a UNIVAC
107. After the installation of another CDC 6600 supercomputer in 1968, a new version
of ASKA was developed in the Fortran programming language. In the years between
1970 and 1983 ASKA was ported to other computer systems, z. Univac 11/8o IBM 360/370,
Amdahl, Cray, Prime and VAX.

Q The first applications with ASKA came from the field of aerospace engineering.

O A non-linear application was the calculation of the roof structure of the Olympic
Stadium in Munich by Frei Otto.

e -—
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( A D I N A ) Custom Search
L i ] company | Products | Gallry

A UTOMATIC
YNAMIC
I| NCREMENTAL

N‘ ONLINEAR
ANALYSIS

electromagnetic effects (EM)

Thermo-mechanical coupling (TMC)

back stop next

The Comprehensive Finite Element System for
Structures * Thermal «CFD <EM « FSI » TMC ¢« Multiphysics
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ADINA R&D, Inc. was founded in 1986 by Dr. , a

, and associates. The exclusive mission of the
company is the development of the ADINA System for linear and
nonlinear finite element analysis of solids and structures, heat
transfer, CFD and electromagnetics (EM). ADINA also offers a
comprehensive array of multiphysics capabilities including fluid-
structure interaction (FSI) and thermo-mechanical coupling (TMC).
Some of the nonlinear structural analysis capabilities of ADINA are
offered as Solution 601/701 of NX Nastran by Siemens PLM
Software.
ADINA offers a wide range of capabilities based on reliable and
efficient . For this reason, ADINA is often
selected for applications where reliability is of critical importance,
e.g., dynamic analysis of bridges for earthquake, biomedical

applications, design of nuclear reactors, studies for safety and
I
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L= https://nisasoftware.com/

# HoME =~ & SOFTWARE & #5 SERVICES & # INDUSTRIES & i company & P LoGiN &

Latest News

. PreSys for NISA 2017 R1
. NISA V19 Released
. Geomagic/Alibre

Leam More & » Integration with VPG Case Studies & Support &
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NISA is one of the most comprehensive engineering analysis suites
available to address the Automotive, Aerospace, Energy & Power, Civil,
Electronics and Sporting Goods industries. NISA has been an engineer’s
favorite for more than 35 years.

NISA features a completely integrated pre/post- processing environment
within a state-of-the-art GUI, seamless interoperability with leading
commercial CAD software, excellent technical support and flexible

purchase options.
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Engineering analysis and design software

NEW SOFTWARE RELEASE

LUSAS version 16 now released : visit the version 16 microsite at www.lusas16.com
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COSMOS/M

0 COSMOS/M is a complete, modular, self-contained finite element system
developed by Structural Research and Analysis Corporation (SRAC) for
personal computers and workstations.

U The program includes modules to solve linear and nonlinear static and
dynamic structural problems, in addition to problems of heat transfer, fluid
mechanics, electromagnetics and optimization. Modules for such special
analysis options as fatigue are also available.

U The system is constantly developed and maintained by using state-of-the-art
techniques and up-to-date hardware capabilities. This chapter introduces the

COSMOS/M product line and outlines the features of its various modules.
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= http://www.mscsoftware.com/product/patran

MSC A Software sig Contact Us | Americas

SOLUTIONS v [GGLITTa il SERVICES & TRAINING v PARTNERS ~  ACADEMIA ~  RESOURCES v ABOUTUS v  SUPPORT ~

l:é Patran’

Patran
Complete FEA Modeling Solution

Watch a Webinar
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Patran Complete FEA Modeling Solution:

U Patran is the world's most widely used pre/post-processing software for Finite
Element Analysis (FEA), providing solid modeling, meshing, analysis setup and
post-processing for multiple solvers including MSC Nastran, Marc, Abaqus, LS-
DYNA, ANSYS, and Pam-Crash.

U Patran provides a rich set of tools that streamline the creation of analysis ready
models for linear, nonlinear, explicit dynamics, thermal, and other finite
element solutions. From geometry cleanup tools that make it easy for engineers
to deal with gaps and slivers in CAD, to solid modeling tools that enable
creation of models from scratch, Patran makes it easy for anyone to create FE
models. Meshes are easily created on surfaces and solids alike using fully
automated meshing routines, manual methods that provide more control, or
combinations of both. Finally, loads, boundary conditions, and analysis setup
for most popular FE solvers is built in, minimizing the need to edit input decks.

U Patran's comprehensive and industry tested capabilities ensure that your virtual
prototyping efforts provide results fast so that you can evaluate product
performance against requirements and optimize your designs.
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| https://altairhyperworks.com/product/HyperMesh

<\ Altair | HyperWorks B2 s -Engieh | Logn

Products Solutions Industries Resources Support & Training Academic About

Altair HyperMesh

New Features = < 3 s 2 =
HyperMesh is a market-leading, multi-disciplinary finite element pre-

|E| Brochures processor which manages the generation of the largest, most complex
models, starting with the import of a CAD geometry to exporting ready-to-
@ Technical Papers -
run solver file.

@ Centact Us e = ‘

HyperMesh Introduction Video Haier Redesigns Air Conditioners and
Packaging with Altair HyperWorks

2/20/2021

148



(FEM) o300 513ar 595

] Over-the last 20 years, HyperMemninta the leading premle; pre-processor for
concept and high fidelity modeling. The advanced geometry and meshing capabilities provide
an environment for rapid model generation. The ability to generate high quality mesh quickly
is one of HyperMesh'’s core competencies.

O Industry trends show a migration to modular sub-system design and continued exploration
of new materials; HyperMesh has advanced model assembly tools capable of supporting
complex sub-system generation and assembly, in addition, modeling of laminate composites
is supported by advanced creation, editing and visualization tools. Design change is made
possible via mesh morphing and geometry dimensioning. HyperMesh is a solver neutral
environment that also has an extensive API which allows for advanced levels customization.

U HyperMesh is used by thousands of customers worldwide to generate and manage their
models, it supports a wide variety of CAD and solver interfaces, making it a perfect solution

for a majority of verticals and domains.
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4 ALGOR.

U ALGOR SOFTWARE OFFERS A COST-EFFECTIVE, QUALITY AND FEATURE-RICH
SOLUTION

O The combination of modern design and finite element analysis (FEA) software is making
it possible for more engineers to speed up time to market and make better, safer
products at a lower cost. While CAD and FEA are not new to the engineering field, what
sets today’s tools apart from those of the past is the capability to directly exchange data
between 3-D solid modelers and FEA software within a modern, intuitive user interface.

0 Among the FEA and CAD software available, I use ALGOR software in conjunction with
Autodesk Inventor. ALGOR is a complete FEA solution that offers a good combination of
cost-effectiveness, quality and features. ALGOR provides all the necessary features
within FEMPRO, an easy-to-use interface, for directly capturing 3-D solid geometry from
Autodesk Inventor, generating a high-quality solid FEA mesh, easily setting up loads and
constraints, performing analyses quickly, evaluating results and presenting a final
design.
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Computer-Aided Design

Volume 8, Issue 1, January 1976, Pagas 2-8 -

ASAS—a general purpose finite element analysis system

R.K Henrywood, J.D. Sheffield

ELSEVIER

Show more

https://doi.org/10.1016/0010-4485(75)90002-6 Get rights and content

he ASAS finite element system, incorporating statics, dynamics, heat transfer and substructure
analysis, is described, paying particular attention to the structure of the data required. The
current range of elements is shown and examples from the available pre- and post-processing
programs are listed. Details of some recent analyses are given, with computer plots of the
idealizations used.
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COEGMIOLE

Object Oriented Finite Element Solver

U OOFEM is free finite element code with object oriented
architecture for solving mechanical, transport and fluid
mechanics problems that operates on various platforms.

O The aim of this project is to develop efficient and robust tool for
FEM computations as well as to provide modular and
extensible environment for future development. OOFEM is
released under GNU Lesser General Public License (LGPL).

U The current version of OOFEM is 2.5 released Dec, 30, 2017
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FLAC, Fast Lagrangian Analysis of Continua, is numerical modeling software for advanced
geotechnical analysis of soil, rock, groundwater, and ground support in two dimensions. FLAC is used
for analysis, testing, and design by geotechnical, civil, and mining engineers. It is designed
to accommaodate any kind of geotechnical engineering project that requires continuum analysis.

FLAC utilizes an explicit finite difference formulation that can model complex behaviors, such as
problems that consist of several stages, large displacements and strains, non-linear material behavior,
or unstable systems (even cases of yield/failure over large areas, or total collapse).

FLAC = Fast Lagrangian Analysis of Continua

(FEM) d9um0 (Sl 3>! (595
\/
https://www.gidhome.com/gid-plus/modules/modules-research/27/codebright/

. Ll
Th al pre and
GI D pB:tP:r'::;ioi:ft an What's GiD Download Purchase GiD Plus Support

YOU ARE HERE: GID / GID PLUS / MODULES [ MOD

CODE_BRIGHT

CODE_BRIGHT(COupled DEformation BRIne, Gas and Heat Transport) is a
program that allows for thermo-hydro-mechanical analysis in geclogical media.
It consists of a Finite Element program developed at the Department of the
Geotechnical Engineering and Geosciences of the Technical University of
Catalonia (UPC).

o

CODE_BRIGHT
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Home Download Features Screenshois Model Gallery Video Tutorial Hermes deal ll Group and Cifing

4 Basic Informations

Automnatic hp-adaptivity -

Agros2D is a multiplatform application for the
solution of physical problems based on the Hermes
library, developed by the group at the University of
i \West Bohemia in Pilsen.

gros2D 3.2 is released L ©

Whcios20 1
We have finished release of a new version. It brings only few new features, but ‘"':'ER_'_ I
significantly improves the application as a whole. Many bugs have been fixed P ,7 n

and the speed of the computation has been substantially improved. The speed- =

up is most significant in the case of nonlinear problems, where for some test
cases we achieved 90% computational time reduction @
¥
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Agros2D is an open-source code for numerical solutions of 2D coupled problems in
technical disciplines. lts principal part is a user interface serving for complete
preprocessing and postprocessing of the tasks (it contains sophisticated tools for

building geometrical models and input of data, generators of meshes, tables of weak

forms for the partial differential equations and tools for evaluating results and drawing

graphs and maps). The processor is based on the library Hermes containing the most
advanced numerical algorithms for monolithic and fully adaptive solution of systems of
generally nonlinear and nonstationary partial differential equations (PDEs) based on hp-

FEM (adaptive finite element method of higher order of accuracy). Both parts of the code

are written in C++.

2/20/2021

152



(FEM) 8900 (Sl 32! (995

— e = E——ae—
AnaIyS|s3D https://cuylaerts.net/

nalysis3D Finite Element Analysis Software

Download Free FEA Software for Structural and Civil Engineering_and Design.

Powerful Finite Element Analysis software for Structural Engineering of Steel construction of Frame and Truss Design.
Small and easy to use FEA analysis, with a user friendly Windows interface to make your life easy.

Engineering calculator with large library of commonly used sections included (AISC, British Steel, DIN, Euronorm).
Truss calculator where Structural Steel Design includes: Plastic Design, Elastic Design and Eurocode 3

Each cross-section i fested for
+ Dlastic Tension or Compression
Bencing moment (major and minor avis)
Plastic Shear resistance.
Torsion (Saint Venant and Warping torsion)
for Torsion and Shear.

Reduced moment resistance for the case of combined Bending and Shear
Reduced plastc moment resistance for the case of combined Bending and Axial force o bi-adal bending
Compression bucking

Lateral Torsional buckling

Combined bending and axial compression (Chen and Atsuta)

Masimum deflection

Download Analysis3D v 2.05 (620 kB)

The downloaded Zip-file contains several examples and a detailed help file to get you going quickly. After downloading Analysis, please create a new directory (e.g.
"\ Analysis3D"), unzip the downloaded file (Analysis3D.zip) to the new dircctory and run the exccutable file (Analysis3D.exc).

Very powerful but easy to use FEM software for structural engineering of 2D and 3D

frames and trusses
L= ftras/
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CALCULIX
A Free Software Three-Dimensional Structural Finite Element Program

Version 2.14 is available

Last updated:29. April 16:21:28 CEST 2018

QO CalculiX is a package designed to solve field problems. The method used is the finite element
method.

O With CalculiX Finite Element Models can be build, calculated and post-processed. The pre-
and post-processor is an interactive 3D-tool using the openGL API. The solver is able to do
linear and non-linear calculations. Static, dynamic and thermal solutions are available. Both
programs can be used independently. Because the solver makes use of the abaqus input format
it is possible to use commercial pre-processors as well. In turn the pre-processor is able to
write mesh related data for nastran, abaqus, ansys, code-aster and for the free-cfd codes
dolfyn, duns, ISAAC and OpenFOAM. A simple step reader is included. In addition external
CAD interfaces like vda to fbd are available. The program is designed to run on Unix
platforms like Linux and Irix computers but also on MS-Windows.

O The CalculiX package was developed by a team of enthusiasts in their raw spare time. They
are employees of MTU Aero Engines in Munich, Germany which granted the publication.
Contact information can be found at the bottom of the "Download" page.
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CalculiXisa it "alysis application that uses an input
[format similar to . It has an implicit and explicit solver (CCX) written by Guido
Dhondt and a pre- and post-processor (CGX) written by Klaus Wittig."! The original
software was written for the Linux“ operating system. has

ported the application to the Windows operating system.
The pre-processor component of CalculiX can generate grid data for the

programs duns, ISAAC and . It can also generate input data
for the commercial FEM programs , and 4" The pre-processor can
also generate mesh data from STL files.
There is an active online community that provides support via a Yahoo! discussion
group.% Convergent Mechanical also provides installation support for their extended
version of CalculiX for Windows.
There is a friendly CalculiX Launcher /I with CCX wizard for both Windows and Linux.
Also possible is the Installation in Windows 10 Fall Creator (1709) with the new Linux

Subsystem WSL.

The CalculiX solver is available on the

A library, pycalculix,""'l was written to automate the creation of CalculiX models in
the programming language. The library provides Python access to building,

loading, meshing, solving, and querying CalculiX results for 2D models. Pycalculix was
written by Justin Black. Examples and tutorials are available on the pycalculix site.
FreeCAD has developed a FEM workbench which automates the creation of Calculix
models.
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/ https://code-aster.org/spip.php?rubriquez

Ce site utilise Google Analytics. En continuant & naviguer, vous nous aulorisez & déposer des cookies a des fins de mesure d'audience.

Structures and Thermomechanics Analysis for Studies
and Research

code_aster NEWS PRESENTATION DOCUMENTATION TRAINING FORUM DOWNLOAD SUPPORT PRONET

READ MORE
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deal.ll — an open source finite element library

What it is: A C++ software library supporting the creation of finite element codes and an open community of users and developers. (Learmn more.)

Mission: To provide well-documented tools to build finite slement codes for a broad variety of PDES, from laptops to supercomputers.

Vision: To create an open, inclusive, participatory community providing users and developers with a state-of-the-art, comprehensive software library that constitutes the go-to solution

for all finite element problems.
What is deal.ll?
deal.l — a name that originally meant to indicate that it is the

successor to the Differential Equations Analysis Library — is a
C++ program library targeted at the computational solution of
partial differential equations using adaptive finite elements. It uses
state-of-the-art programming techniques to offer you a modern
interface to the complex data structures and algorithms required.
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L1z ain aim of deal.ll is to enable rapid development of modern finite element codes,

using among other aspects adaptive meshes and a wide array of tools classes often
used in finite element program. Writing such programs is a non-trivial task, and
successful programs tend to become very large and complex. We believe that this is
best done using a program library that takes care of the details of grid handling and
refinement, handling of degrees of freedom, input of meshes and output of results in
graphics formats, and the like. Likewise, support for several space dimensions at once is
included in a way such that programs can be written independent of the space
dimension without unreasonable penalties on run-time and memory consumption.

deal.ll is widely used in many academic and commercial projects. For its creation, its
principal authors have received the 2007 J. H. Wilkinson Prize for Numerical Software. It
is also part of the industry standard SPEC CPU 2006 and SPEC CPU 2017 benchmark
suites used to determine the speed of computers and compilers.

deal .ll originally emerged from work at the Numerical Methods Group at Universitat
Heidelberg, Germany, which is at the forefront of adaptive finite element methods and
error estimators. Today, it is a global, open source project maintained by
a geographically diverse set of developers, and has dozens of contributors and several
hundred users scattered around the world. Over the years, development of deal.ll has
been funded as ancillary products of various grants from the Deutsche
Forschungsgemeinschaft, the National Science Foundation, and other funding agencies
around the world. We have also received direct funding for particular projects from
the Computational Infrastructure in Geodynamics initiative.
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dune-fem

dune-fem

dune-fem

Adiscre ion module providing an implementation of mathematical abstractians to solve PDEs on

pr
din

parallel computers inclu

schemes.

Maintainer:

Git repository:

DUNE (Distributed and Unified Numerics Environment) is a modular C++ library for the
solution of partial differential equations using grid-based methods.
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Elmer — Elmer

Elmer
Elmer

Elmer is an open source multiphysical simulation software mainly developed by CSC - IT Center for Science (CSC). Eimer
Elmer development was started 1995 in collaboration with Finnish Universities, research institutes and industry. After it's open
source publication in 2005, the use and development of Elmer has become international

Elmer includes physical models of fluid dynamics. structural mechanics, electromagnetics, heat transfer and acoustics, for
example. These are described by partial differential equations which Elmer solves by the Finite Element Method (FEM).

These pages are intended to give basic information on the Elmer software. The content of the pages s rather static, For
more concurrent information visit the discussion forum and wiki at http:/www: elmerfem.org

Elmer is computational tool for multi-physics problems. It has been developed by CSCI' in
collaboration with Finnish universities, research laboratories and industry. EImer FEM solver is free
and open-source software, subject to the requirements of the GNU General Public License (GPL),
version 2 or any later.”2!

Elmer includes physical models of fluid dynamics, structural mechanics, electromagnetics, heat
transfer and acoustics, for example.2l These are described by partial differential equations which
Elmer solves by the Finite Element Method (FEM).
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FEBio?/(Finite Elements for Biomechanics) is a for

and was specifically designed for applications in and
bioengineering. It was developed in collaboration with research groups from the
University of Utah (MRL, SCI) and Columbia University (MBL).
FEBio offers modeling scenarios, constitutive models, and that are
relevant to numerous research areas and specializes in the analysis of 3D multiphysics
models that can undergo large deformations. Users can solve problems in

, contact analysis, problems, and as of release 2.7, fluid
mechanics problems as well. FEBio supports both quasi-static and dynamic analyses. A
more detailed overview of FEBIio's features follows below.
The source code for FEBIo is publicly available but it is not considered

because it is only free for non-commercial use.
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The FEniCS computing platform

QO FEniCS is a popular open-source ( ) computing platform for solving partial
differential equations (PDEs).

O FENICS enables users to quickly translate scientific models into efficient finite element
code. With the high-level Python and C++ interfaces to FEnICS, it is easy to get
started, but FEniCS offers also powerful capabilities for more experienced
programmers.

Q FENICS runs on a multitude of platforms ranging from laptops to high-performance
clusters.
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|+ FEAT2D/FEAT3D
L ekroun The software packages FEAT2D/FEAT3D
- FEATFLOWZ
I« parPP3D The original progam package FEAT is a general purpose subroutine system for the numerical solution of partial
[~ Documentation differential equations by the finite element method. The package part FEAT2D is designed to handle problems
L. Team in two space dimensions, while the part FEAT3D handies the 3D case.
Le 1inks

FeatFlow (for "Finite Element Analysis Toolbox for Flow") is a free and open-source

high-performance computational fluid dynamics Forfran CFD code solving the

incompressible Navier—Stokes equations in two and three dimensions.

FEATool Multiphysics Multiphysics CFD FEATool Articles Doc FAQ About

L.
EEATCOIV

creain win

FEATool Multiphysics ("Finite Element Analysis Toolbox for Multiphysics") is an easy to
use physics and finite element PDE simulation toolbox for MATLAB® and GNU Octavel®l,
FEATool Multiphysics features the ability to model fully coupled heat transfer, fluid
dynamics, chemical reactions, structural mechanics, and electromagnetic problems in
1D, 2D (axisymmetry), or 3D, all within a convenient scriptable graphical user interface
(GUI)“. Having specifically been designed to have a low learning curve and be used
without requiring consulting documentation, FEATool has been employed and used in

academic research, teaching, and industrial engineering simulation contexts°!,
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Femap

About Femap

Femap, part of Siemens PLM Simcenter product portfolio, is one of the best-known FEA
solutions. It’s applied in the industry for over 30 years now. With the program you prepare your
simulation models (pre-process) and get a comprehensive display of the analysis results (post-
process). The software is open to all commercial solvers, including NX Nastran, Ansys, LS-DYNA,
and Abaqus and can access geometry data from all major CAD systems. From beginner to
advanced users, Femap combines exceptional ease of use, with cost efficiency and has the
power to model the toughest problems.
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Introduction

= - FreeFem++ is a partial differential equation solver It has its own language. freefem scripts can solve
| multiphysics non linear systems in 2D and 3D.
b

mail to FreeFem=+ list

I I
Sections Problems involving PDE (2d, 3d) from several branches of physics such as fluid-structure interactions require
Home interpolations of data on several meshes and their manipulation within one program. FreeFem++ includes a fast
Wiki 2"d-tree-based interpolation algorithm and a language for the manipulation of data on multiple meshes (as a
Mailing fist follow up of bamg (now a part of FreeFem++ )
FreeFem++-cs
FreeFem++ on the web

FreeFem++ is written in C++ and the FreeFem++ language is a C++ idiom. It runs on Macs, Windows, Unix

Showcase machines. FreeFem++ replaces the older freefem and freefem+
;ﬁg :,:J: I YOU USe Fraeren. please cite the following reference in your work (books, articles, reports, etc.): Hecht, F. New development in FraeFem-++. J. Numer. Math. 20 (2012}, no. 3-4,
251-265. 65Y15
FreeFem++ is a and a software focused on solving
using the . FreeFem++ is written in and
developed and maintained by and
. It runs on , , and systems. FreeFem++
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GiD is a universal, adaptive and user-friendly pre and post processor for numerical simulations in science
and engineering. It has been designed to cover all the common needs in the numerical simulations field
from pre to post-processing:

o Geometrical modeling (CAD) o Definition of analysis data o Postprocessing operations
© Mesh generation o Data transfer to analysis software o Visualization of results
(FEM) 39000 51321 95
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GetFEM++

Gl

Download
Download GetFEM++

Main documentations
GetFE

iocumantation

An open-source finite element library

Gn

GetFEM++ project

Other resources
Screenshots.

d links:

Hosted by Savannah

NEW (July 2017): Version 5.2 has been released

Parts of the documentation:

U GetFEM++ is an open source library based on collaborative development. It aims to
offer the most flexible framework for solving potentially coupled systems of linear and
nonlinear partial differential equations with the finite element method.

U GetFEM++ is interfaced with some script languages (Python, Scilab and Matlab) so
that almost all of the functionalities can be used just writing scripts. It works in
arbitrary dimension and allow to couple 1D, 2D and 3D problems.
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Home Hermes Agros2D Gallery Video Gallery Events Research Group and Citing

Institutions
Hermes
University of Reno, Nevada, USA
. University of West Bohemia, Pilsen, Czech
Hermes hp-FEM & hp-DG Library Republi
Institute of Thermomechanics, Prague, Czech

. Republi
Hermes is a C++ library for rapid development of A

adaptive hp-FEM / hp-DG solvers. Novel hp-adaptivity v
algorithms help solve a large variety of problems -
ranging from ODE and stationary linear PDE to

complex time-dependent nonlinear multiphysics PDE

systems.

ﬂ News

« Hermes2D version3.1 released - more info on
bty

Hermes2D (Higher-order modular finite element system) is a C++/Python library of
algorithms for rapid development of adaptive hp-FEM solvers.['! hp-FEM is a modern
version of the finite element method (FEM) that is capable of extremely fast, exponential
convergence.
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Home - Download - Documentation - Show cases -

HiFlow?® is a multi-purpose finite element software providing
powerful tools for efficient and accurate solution of a wide range
of problems modeled by partial differential equations (PDEs).
Based on object-oriented concepts and the full capabilities of C++
the HiFlow?® project follows a modular and generic approach for
building efficient parallel numerical solvers.
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latest ¥

JuliaFEM,jl documentation

= JuliaFEM.jl documentation
Home i r
o Installing and testing package

Instaliing and testing package o Contributing

i * APl documentation
Contributing ¢ o

o Index
Developer's guide o Types
Meit) = Functions

Q The JuliaFEM project develops open-source software for reliable, scalable, distributed
Finite Element Method.

Q The JuliaFEM software library is a framework that allows for the distributed processing
of large Finite Element Models across clusters of computers using simple
programming models. It is designed to scale up from single servers to thousands of
machines, each offering local computation and storage. The basic design principle is:

everything is nonlinear. All physics models are nonlinear from which the linearization

are made as a special cases.
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AceFEM System

AceFEM System

The ica Finite Element

AceFEM is 3 general finite element
system for Mathematica that effectively
combines symbolic and numenc

2 hes. AceFEM includes a general
finite element environment designed te
solve multi-physics and multi-field

problems, the powerful AceGen automatic code
generation package for symbolic generation of new finite elements and access to the AceShare
finite element file-sharing system.

AceFEM is a general finite element system for Mathematica that effectively
combines symbolic and numeric approaches. AceFEM includes a general finite
element environment designed to solve multi-physics and multi-field
problems, the powerful AceGen automatic code generation package for
symbolic generation of new finite elements and access to the AceShare finite
element file-sharing system.
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MoFEM landing page

Introduction

(Mesh Oriented Finite Element Method) it is C++ library supporting the
solution of finite elements problems. Is developed to provide free and open, inclusive,
participation community finite element code for engineers, students and academics.

is a finite element analysis code tailored for the solution of multi-physics
problems with arbitrary levels of approximation, different levels of mesh refinement and
optimised for high-performance computing. It is designed to be able to manage
complexities related to a heterogeneous order of approximations for L2,H1,H-div and H-

curl spaces, see
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About News Calendar Registration

OpenSees, the Open System for Simulation, is an
, software framework created at the -sponsored Pacific Earthquake
Engineering ( ) Center. It allows users to create applications for

simulating the response of structural and geotechnical systems subjected
to . This framework was developed by Frank McKenna and

with significant contributions from Michael H. Scott, Terje Haukaas, Armen Der
Kiureghian, Remo M. de Souza, Filip C. Filippou, Silvia Mazzoni, and Boris Jeremic.
OpenSees is primarily written in and uses several numerical libraries for

linear equation solving.
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Range Software

Software for engineering simulations

Multiphysics Finite Element Analysis Software

Range Software is finiic element analysis software package.
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Z88 is a software package for the (FEM) and topology
optimization. A team led by at the started

development in 1985 and now the software is used by several universities, as well

as . Z88 is capable of calculating two and three

dimensional element types with a linear approach. The software package contains

several solvers and two post-processors and is available for ,

and / computers in and versions. Benchmark tests

conducted in 2007 showed a performance on par with commercial software.
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CONSELF Cloud Simulation “p

What's New

zral | - Prescribe on how many CPUs to run your simulation

al | - Monitor most recent steps, their status and result message

neral | - More credits for the free plan and limited storage space
sh | - Improved geometry discretization for hexohedral meshes
| - Calculate natural frequencies and modal displacements

Is | - Create colored STL accordingly to STEP colors or faces

With CONSELF you can exploit Computational Fluid Dynamics (CFD) and Finite Element Analysis
(FEA) to improve your products design: minimize drag and fluid dynamics losses, increase
efficiency, maximize heat exchange performances, estimate pressure loads, verify material
resistance, evaluate components shape deformation, calculate natural frequencies and modes,

and much more.
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FEM Module

The FEM Workbench provides modern Finite Element Analysis (FEA) workflow for FreeCAD. Mainly this means all tools to make an Finite Element Analysis are combined in one
GUI

Wiki Home:
Features
Sereenshots
Downloads
Getting started
FAQ

Forum

Tracker
Tutorials

FreeCAD is a free and open-source (under
the LGPLv2+ license) general-
purpose parametric 3D CAD modeler and
a building information modeling (BIM)
software with finite-element-method (FEM)
support. FreeCAD is aimed directly
at mechanical engineering product design
but also expands to a wider range of uses
around engineering, such as architecture
or electrical engineering. FreeCAD can be
used interactively, or its functionality can
be accessed and extended using
the Python programming language and is
currently in a beta stage of development

Users documentation
User Hub

Overview

Installing FreeCAD
Navigating in the 3D
space

The FreeCAD
Document

Setiing user preferences

Working with
workbenches

Drafling 2D objects
Working with constraints
Working with meshes
Working with 3D parts
Using architectural
objects

Printing vour work n 20
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ADVANCE
G DesiGN
Vi

or FEM structural analysis 4

CLIMATIC FEM STRUCTURAL

GENERATOR ANALYSIS 211\%

Advance Design was specifically developed for industry professionals that require a superio
solution for the structural analysis and design of Reinforced Concrete, Steel and Timber structures
according to the latest versions of Eurocodes (ECO, EC1, EC2, EC3, EC5 and EC8), North American (AC]
/ AISC) codes and Canadian codes (A23.3, S16).

Advance Design features include easy modeling, a powerful FEM analysis engine, top-level design
wizards, automated post-processing of results and automated detailed reports. Achieve a new level
of computer-assisted engineering with Advance Design!
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Autodesk Simulation is a general-purpose multiphysics software

package initially developed by ALGOR Incorporated and acquired by Autodesk in January
2009. " It is intended for use with and Cltis

distributed in a number of different core packages to cater to specific applications, such as
mechanical event simulation and
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KEYCREATOR Analysis

Digital Editions ~ Subscriber Services *  ContactUs »  About!

Advertise in Digital Engineering:  Privacy Policy  Site Map.

SIS, oo
Mapsystems  ON Demgnd Prototypes and v o o H .
mmie=n  Production Parts Samcheect Ut A s
= P =

Digital Engineering

HOME | DESIGN E II Hi’ PROTOTYPE/CAM
@ Home/ New Products / Kubotek KeyCreator Analysis Provides Fast CAD Simulation Software s BSCRIBE

Kubotek KeyCreator Analysis Provides Fast CAD . . LIVE

TEST | PLM | lOT COMPUTING 'WEBCASTS | BUYER'SGUIDE RESOURCES

Simulation Software a B
See How Cummins Deployed
lin_share | (K share | E)RAPID READY System Simulation and Gained
TECHNOLOGY BLOG A
— a Competitive Edgg
By DE Editors Navy to Develop
Printed Repair Parts
Kubotek has released its new multiphysics simulation product, KeyCreator Analysis. The software An April Additive
is powered by Sefea, a new technology with unique algorithms that make analysis easier to prepare. Manufacturing sponsoredty SIEMENS
KeyCreator Analysis is combined with Kubotek KeyCreator direct modeling software, enabling ease Odyssey: RAPID + TCT
of model preparation and editing. 2018 FEATURED VIDEO

An April Additive
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CosmosWorks
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Introducing COSMOSWorh

Part of SolidWorks
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3 ( F Search (o]
A new approach to field modelling -

8 5, hA ®
NEWS

PRODUCT APPLICATIONS SUPPORT + DOWNLOAD + b CONTACTS *

)

B

Main => Produet >> Try professional FEM software for free

Order

Evaluation

Try professional FEM software for free

professional Finite element anaiysis software for free, professional simuiation software free preview Editions

You have already tried our free simulation software QuickField Student Edition, but your problem Veersion history

requires more dense finite element mesh?.
Packages

Components

Programming

Consulting
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QuickField is a finite element analysis software package running on \Windows platforms.

It is developed by the Danish company Tera Analysis Ltd. in cooperation with Russian

firm Tor Ltd. QuickField is available as a commercial program or as a free Student

Edition  with  limited functionality. =~ Main  applications include  computer

simulations of electromagnetic fields I for scientific and industrial purposes 2, and use

as a teaching aid in the college and university electromaagnetic or physics courses
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m Mecway rea

Mecway is a comprehensive user friendly finite element analysis package for Windows with a focus on mechanical and thermal
simulation such as stress analysis, vibration and heat flow. It is inexpensive and has an intuitive graphical interface for easy
mesh creation and display of solutions.

Powerful

= Dynamic, static, thermal, buckling, acoustic, etc.

= Full nonlinear capability though seamless integration with the -
included CalculiX solver -

= Wide range of element, load and material types

= Both manual and automatic meshing tools

= Up to 1,000,000 nodes

= CAD associativity

Easy

= Very quick learning curve
= Instant feedback on errors as you work

» Modern Windows interface

= Visualize your models both graphically and in an outline tree
= Units aware

Inexpensive, comprehensive, user friendly FEA package with a focus on mechanical and
thermal simulation; CalculiX interoperability
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RFEM - FEM Structural Analysis Software

Structural Analysis &
Engineering Software

The finite element analysis program RFEM is a powerful
software for quick and easy modeling, structural analysis
and design of 2D and 3D models consisting of member, plate.
wall, folded plate, shell solid, and contact elements

Due to the modular software concept, you can connect the main

program RFEM with the comresponding add-on modules in order
to meet your individual requirements.

Pylon Bridge Walsersieg" Across Loisach River | RFEM Model with Deformation | wb-busbaum de

RFEM is a 3D finite element analysis software working under Microsoft
Windows computer operating systems. RFEM can be wused for structural
analysis and design of steel, concrete, timber, glass, membrane and tensile structures
as well as for plant and mechanical engineering or dynamic analysis.
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Cookies on SimSeale: To deliver you best experience with this website we place cookies on your computer. By using our website you accept our use of cookies. P
Don't worry, we are not storing any personal information.

Finite Element Analysis

Perform FEA simulations in your browser

Sign UpNow

SimScale is a 100% cloud-based simulation software that enables you to test,
validate, and optimize your designs through Finite Element Analysis via a standard
web browser.

The Finite Element Analysis (FEA) component of SimScale enables you to virtually test
and predict the behavior of structures and hence solve complex structural engineering
problems subjected to static and dynamic loading conditions. The powerful online
simulation solution from SimScale uses scalable numerical methods that can calculate
mathematical expressions otherwise very challenging due to complex loading,
geometries or material properties. SimScale has adopted a pay-as-you-go policy

providing you with high-performance computing (HPC) directly in the Cloud, to help you
design better products faster and more cost-efficiently.
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Screen Demo of Recent Additions | Update Highlight Mesh Operation ovicd
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Frame fresform section aﬂ
Contour marking gm0

VisualFEA is an exceptiona

Mesh Intersection

Mesh Carving
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VisualFEA is a finite element analysis program running on MS Windows and Mac OS X

platforms. The program is being developed and distributed by Intuition Software, Inc. in

South Korea, and is used chiefly for structural and geotechnical analysis. The strongest

point of the program is its intuitive and user-friendly usage based on graphical pre- and

postprocessing capabilities. VisualFEA has educational functions for teaching and

learning structural mechanics and finite element analysis through graphical simulation.

Thus, this program is widely used in college courses related to structural mechanics and

finite element method.

2/20/2021

171



(FEM) 8900 (Sl 32! (995
_— — .
/ https://www.jcmwave.com/index.php/jcmsuite

FEM-SOFTWARE. DISCOVER T NOW. ) )
JCMsuite: The Complete Solution

JCMsuite provides a very comprehensive and flexible software platform for nearly all simulation tasks in

optics and microwave technologies requiring the solution of time-harmonic Maxwell's equations in frequency

1@ isuit

domain

JCMsuite provides solutions for:

Free Trial Version

DOWNLOAD

Optical scattering
Optical waveguide design

Optical resonances

Linear elasticity

Heat conduction

Simplified installation process since and Mutually dependent combinations of these problem

Version 3.2 classes

JCMsuite is designed to fully integrate into your MATLAB® or Python environment. The entire design task
esi i ot lod i igh- i
NEW RELEASE can, besides running stand alone, be embedded into the high-level scripting languages MATLAB® and Python
enabling an intuitive, comfortable and flexible scripting of complicated design setups in order to define parameter

dependent problems or fo run parameter scans

References
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Jemmte element analysis software package for the simulation and analysis

of electromagnetic waves, elasticity and heat conduction. It also allows a mutual

coupling between its optical, heat conduction and continuum mechanics solvers. The
software is mainly applied for the analysis and optimization of nanooptical and
microoptical systems. Its applications in research and development projects

include dimensional metrology systems,!l2I81 photolithographic systems,4! photonic

crystal fibers,BI6I71  VVCSELs,Bl Quantum-Dot emitters, light trapping in solar

cells,"% and plasmonic systems.™ The design tasks can be embedded into the high-

level scripting languages MATLAB and Python, enabling a scripting of design setups in

order to define parameter dependent problems or to run parameter scans.
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Know how the prod
manufacture be

A really easy web-based platform
for finite-element analysis
running in the cloud '
Powered by SEAM

CAEplex is a really easy web-based platform for performing finite-element analysis running in
the cloud. It is really easy because it is designed to be your first step into the world
of Computed-Aided Engineering. It relies on a do-it-yourself approach where beginners can

obtain results in a simple, easy and straightforward way.

(FEM) s9ue (81321 9.
//7 https://mﬁﬁ@m/iiﬂ

J MAG Simulation Technology for Electromechanical Design

Home ‘ Products

Events/Seminars Free Trial AboutUS  Careers Contact w» Japanese

Solutions | Markets | Technical Library | Downloads ‘ Partners ‘ User Support

It is now simple to be precise

JMAG is a comprehensive software suite for
electromechanical equipment design and development.
Powerful simulation and analysis technologies

provide a new standard in performance

and quality for product design

Capture complex phenomena and
gain valuable insights.

GET a Trial Version for Free
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JMAG is simulation software for the development and design of electrical devices.
JMAG was originally released in 1983 as a tool to support design for devices such as
motors, actuators, circuit components, and antennas.

JMAG incorporates simulation technology to accurately analyze a wide range of physical
phenomenon that includes complicated geometry, various material properties, and the
heat and structure at the center of electromagnetic fields. JMAG has an interface
capable of linking to third-party software and a portion of the JMAG analysis functions
can also be executed from many of the major CAD and CAE systems.

JMAG is used actively to analyze designs at a system level that includes drive circuits by
utilizing links to power electronic simulators. JMAG is also being used for the

development of drive motors for eleciric vehicles.

(FEM) d9um0 (Sl 3>! (595

— \7\ /
S http://www.intes.de/

Sitemap | Contact | Imprint W oeutsch [l Frangais | @ ExE

P— INTES Engineering Software u K
News. b
Our Know-How: Finite Elements
Get more
Events INTES is your competent partner for all aspects of numerical simulation using Finite Elements (FE). INTES
develops and markets the standard software PERMAS to perform FE analysis tasks.
Publications
e INTES provides FE training courses and offers consulting services for analysis projects of her customers.

o In addition, software development projects are performed for customers to improve productivity of the CAE PERMAS

55 in the PERMAS envi t. s
Contact BemensRinamn e Users’ Conference
Jobs Stuttgart 2018
PERMAS FERMAS Tnvitation to attend the
PERMAS PERMAS is an internationally established AR PERMAS hers

Conference on 12-13 April

FE analysis system with users in many
2018 in Stuttgart (Details)

Inocion countries. It offers powerful capabilities,
ultimate computing power and high

software reliability.

New in PERMAS Version 16

Applications
Modules PERMAS enables the engineer to perform INTES has moved!
comprehensive analyses and simulations
Interfaces y
in many fields of applications like stiffness h A
Performance and stress analysis, contact analysis, F e
¥ stic si S, J
e ¥ vibrations, acoustic simulations, il Mgy
| temperature fields and electromagnetic
More Infomation www.intes.de fields.
i PERMAS integrates numerous optimization ;‘:&Zd:';is:
VisPER Tg“?::g ﬂ“f "‘::Bsz"ifsw;"ﬁwifgﬂ . _ methods, like topalogy optimization, shape R A
Overview ok itops dnfokzielon nec ol Ee oS eEtn) aptimization including bead desion, and ¢

70565 Stuttgart
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Traditional Discretisation
Methods

Finite Difference
*Finite Element
*Finite Volume

Finite Difference Method (FDM)

- 'j+1. ii+1 i+.1’j+1 o(up) ‘ < (UP)y15;—WpP)iy ;) O(Ax?)
Ax Ay ox i 2Ax
() () () central
i-1, ij i+1,

a(up)‘ z((up)m,,—(up)i,,,-)
ox i,j Ax

forward
op  Oup) 00vp) _,
ot Ox oy

0 (7 5 _(up)i—l,j) . ((Vp)i7j+l _(Vp)i,j—l) -0

o
o 2Ax 2Ay
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Finite Volume Method (FVM)

A
V‘
1
- >
nx

9p , Olup)  Oovp) _,
ot ox oy
j a(M,O) dO+ j a(v,O) dO =0

0
Iga—fdQ+

From Gauss Divergence Theorem:

B
5 jQ A+ jr(up)nxdn jr(vp)nydrzo
% 1+ Y pus + L pnS, =0

J J

A 1
Finite Element Method (FEM)  Element Nodes
5 @ P 68 15 165 4 5
68 p=pN,; =
i PsNs+ o, N, + PisNigs + 015N 5
® Y
165

15

op  oup) olvp)

ot ox

0 0
J, a0+ [, 550

ot

Weighted residual analysis:
= j PN, dQ+ [

7(j NW,dQ)p +(j

oy

”p)dQ+j 00vP) 4 = ¢
X Q@ Jy

8(“"’)NWdQ Ia(Vp)N’WdQ 0

a(N) o)
W,dQup, +( LW W,dQ)vp, =0
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Finite Element Method (FEM) Weighted residual analysis:

—(jNWdQ) +(j )WdQ) +(j IND y d@)yvp, = 0

If W is chosen to be the same as N the method is called Galerkin method.

—(jNNdQ) +(j )NdQ) +(j IND N dQ)vp, =0

For easy implementation of boundary conditions this is integrated by parts.

7(1 N,N,dQ)p,

+(f N,N n.dD)up, +(j NN n,dT)vp, =0

_(J'

0
E M....0: + B yonti; + By, v, =0

Finite Element Method (FEM)

0
+B,, up,+B,, v
1) Divides computational space into elements 8¢ Metonso; + Bttt + Brsen VP, =
For every element constructs M., B o> Bretom Petens WP tems VP et
2) Reconnects elements at nodes
Agglomerates for the whole domain M_Z M, .B, Z B, .B, Z B,

p= Z Poten UP = Z up,,,.Vp = Z VP e

3) As aresult a set of algebraic equations is formed and its solution follows

%M p +Byup+B,vp=0

0
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SHAPE FUNCTIONS P= ZNi Pi
1

And when derivatives are of interest:
dp N dNip.
de < dx’'

We know functions N,
they are frequently polynomials
-obtaining their derivatives is easy.

The tetrahedron family of elements

Y]

After Zienkiewicz et al FEM 2000

Development of Theory

m Rayleigh-Ritz Method
Total potential energy equation

m Galerkin’s Method
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reas where stiffeners would be instéd

Edge stiffeners would not prevent gusset plate yielding

gusset  /'gastt/
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Basic Concept of the Finite Element Method

Any continuous solution field such as stress, displacement,
temperature, pressure, etc. can be approximated by a
discrete model composed of a set of piecewise continuous
functions defined over a finite number of subdomains.

One-Dimensional Temperature Distribution

T T

Approximate Piecewise
Linear Solution

Exact Analytical Solution

Two-Dimensional Discretization

e
e
g

N

é
VA

O’Y
¥
3

/
/
/
u(x.y)
-1
/

i
i

|
|

Approximate Piecewise
Linear Representation 15

¢
j
i
o
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Discretization Concepts

Exact Temperature Distribution, T(x)

i > x

Finite Element Discretization

Linear Interpolation Model Quadratic Interpolation Model
T, (Four Elements) 7, (Two Elements)
S LR T,

5 T,

e R — I— —

»>Xx ! > X
Piecewise Linear Approximation Piecewise Quadratic Approximation
Temperature Continuous but with Temperature and Temperature Gradients
Discontinuous Temperature Gradients Continuous

Common Types of Elements

Two-Dimensional Elements

One-Dimensional Elements Triangular, Quadrilateral
Line Plates, Shells, 2-D Continua

Rods, Beams, Trusses, Frames

’r—

Three-Dimensional Elements
Tetrahedral, Rectangular Prism (Brick)
3-D Continua

2/20/2021
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Discretization Examples
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One-Dimensional
Frame Elements

Two-Dimensional
Triangular Elements
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Three-Dimensional
Brick Elements

Basic Steps in the Finite Element Method
Time Independent Problems

Domain Discretization

- Select Element Type (Shape and Approximation)
- Derive Element Equations (Variational and Energy Methods)
- Assemble Element Equations to Form Global System

[K[{U} = {F}

[K] = Stiffness or Property Matrix
{U} = Nodal Displacement Vector
{F} = Nodal Force Vector

- Incorporate Boundary and Initial Conditions
- Solve Assembled System of Equations for Unknown Nodal

Displacements and Secondary Unknowns of Stress and Strain Values

2/20/2021
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Common Sources of Error in FEA

* Domain Approximation

Element Interpolation/Approximation
* Numerical Integration Errors
(Including Spatial and Time Integration)

* Computer Errors (Round-Off, etc.,)

Measures of Accuracy in FEA

Accuracy
Error = |(Exact Solution)-(FEM Solution)|

Convergence s e

Limit of Error as:

Number of Elements (h-convergence)
or
Approximation Order (p-convergence)

Increases

Ideally, Error & 0 as Number of Elements or
Approximation Order B

2/20/2021
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Common Approximation Schemes
One-Dimensional Examples

Polynomial Approximation

Most often polynomials are used to construct approximation functions for each element. Depending on
the order of approximation, different numbers of element parameters are needed to construct the

appropriate function.

Linear Quadratic

Special Approximation

For some cases (e.g. infinite elements, crack or other singular elements) the approximation function is

chosen to have special properties as determined from theoretical considerations

(FEM,),,%M Sl w9y

Metheds of Solution:

Exact Solution

~ (Classical method

Approximate Solution

Engineering Analysis  _| __ Energy

| Boundary element

Numerical method

I Finite Difference

— Finite element
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Mathematical Model

Dividing of the geometry into simple
elements and assembling all elements
[K] = Stiffness matrix of the part
(Sum of all elements)
{U} = Components of the displacements
of the single nodes of the part
{F} = Components of the loads of
the single nodes of the part

[K] *{U} = {F}

Solving the matrix equation with
thousands of unknowns

MSQSOFTWARE
Wprowadzenie do MES - CELVEIMG CUS DR aLLE o

Steps in an FE Analysis

m Displacements
Stresses
Strains

a:?jl:fls —— — |Analysis Results|

Contour Plots

Listings

MSQSOFTWARE

Wprowadzenie do MES
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Introduction to FEM
» What an FEA user has to specify:

» Choose the element type

» Creation of the Finite Element Mesh

» Specification of the material properties

» Specification of the element properties

» Verification of the Mesh quality

» Application of the loads and boundary conditions

» Specification of the options of the desired analysis type
» Request of the desired results

» Interpretation of the results

MSQSOFTWARE '
Wprowadzenie do MES - DELIVERING CUSTOMER =

Standard Elements

First order

PAVAL (=1 RN

Second order

~ A O

MSQSOFTWARE '
Wprowadzenie d() MES - DELIVERING CUSTOUER VALUE =
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Element selection criteria

Which element type should be used?

» Beams, plates or solids?

» Quadrilateral or triangle?

» Hexahedral, pentahedral or tetrahedral ?
» Higher or lower order?

The choice of the element type is strongly dependent
on the structure to be analyzed

Wprowadzenie do MES

MS&SOFTWARE :

Examples of shell models

Wprowadzenie do MES
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Examples of Solid Models

Courtesy of Volvo Car

Wprowadzenie do MES

Element Selection Guidelines

Choose the simplest element type
» if you can make a shell model - do it
» If you can make a beam model - do it

For structural analysis, don’t use first order tetra-elements.
(But they are ok for thermal analysis)

= M 7\SOFTWARE
Wprowadzenie d() MES N DELIVERING CUSTOMER VALUE S
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The Model

» We have the following model:
It consist of rectangular beams that
are 100 mm wide and 200 mm high
with thickness 5 mm. The longest
beams are 2000 mm and the total width of the
model is 1000 mm. The centerline of the crossing
bars are located 550 mm from each end.

» The beams are welded together, but the weld fillets
are to be neglected due to their small size

» The structure carries a load of 2000 kg evenly
distributed over the two cross bars

4 MS&SOFTWARE
WprOWadzenie dO MES . DELIVERING CUSTOMER VALUE

Beam Model

Element size 100 mm

Wprowadzenie do MES
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Shell Model

S

.
= =

Element size 33 mm

Wprowadzenie do MES

MSC

SOFTWARE

DELIVERING CUSTOMER VALUE

Solid Model

Element size 25 mm

Wprowadzenie do MES

MSC

SOFTWARE

DELIVERING CUSTOMER VALUE
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Element Type

Before meshing the user must chose between different
element types:

» Beam, Shell or Solid

» First or second order

» Triangle or quadrilateral basis shape

When this is done, meshing of the structure can begin

MS&SOFTWARE |

Wprowadzenie do MES

Sguzxo syl sy 9 6Ly s Joo -Y
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358 Jo 55 et bl la oo aline B)b ) WlS e 45 W9l 00 5
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uniform loading

A

N

* Approximate method

,
3‘5‘: » Geometric model
3 vy El@ment « Node
§ ? Finite element “ | * Flement
-/ model * Mesh
E ? * Discretization
[ ;: \\\
y Node

Problem: Obtain the
stresses/strains in the

plate

dog s 4 b Sy 5l daid a8 Bl b axdad (s lexe)
a5) Hlgo 5l edel yiy Bl L Seb of(SIL sl Jie) ol
5 s a5 (Bl gt b ) (o)l ST (T 5 558 L oS
AiTr s Wl 5 (sl Jog o & b

cantilever
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..General scenario..

Engineering design

FEM analysis scheme

Step 1: Divide the problem domain into non
overlapping regions (‘elements”) connected to
each other through special points (“hodes”)

lement

Finite element model

..General scenario..

Engineering design

FEM analysis scheme

Step 2: Describe the behavior of each element

Step 3: Describe the behavior of the entire body by
putting together the behavior of each of the
elements (this is a process known as “assembly”)
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- 2.0 Finite Element Method

| “‘l Two interpretations
P = 1. Physical Interpretation:

The continous physical model is divided
into finite pieces called elements and laws
of nature are applied on the generic
element. The results are then recombined
to represent the continuum.

Mathematical Interpretation:

The differetional equation reppresenting the
system is converted into a variational form,
which is approximated by the linear
combination of a finite set of trial functions.

Joint Advanced Student School
St.Petersburg 2005 Gb

: ":-Elements are defined by the following
‘T properties:
' Dimensionality
Nodal Points
Geometry
Degrees of Freedom
Nodal Forces

(Non homogeneous RHS of the DE)

= RHS (Rectangular Hollow Section) DE (Differential Equations)

Joint Advanced Student School
St.Petersburg 2005 b

o

Lot SE

I

| &
N
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Joint Advanced Student School
St.Petersburg 2005

INTRODUCTION TO FINITE ELEMENT METHOD

* What is the finite element method (FEM)?

— A technique for obtaining approximate solutions to boundary value
problems.

— Partition of the domain into a set of simple shapes (element)
— Approximate the solution using piecewise polynomials within the

element
F oo or
T T T—— ——x gy Yo h =0
~ I
/ N\ ot o}
\ Structire ——+—=+b,=0
by \ ox oy
I
q'ao,z} h\ } Piecewise-Linear Approximation
N \\// u
Element

392
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INTRODUCTION TO FEM cont.

* How to discretize the domain?
— Using simple shapes (element)

— All elements are connected using “nodes”.

5 6 z 8 Nodes

I 1 2 3 I Elements

1 2 3 4

— Solution at Element 1 is described using the values at Nodes 1, 2, 6,
and 5 (Interpolation).

— Elements 1 and 2 share the solution at Nodes 2 and 6.

393

INTRODUCTION TO FEM cont.

» Finite element analysis solves for nodal values.
— All others can be calculated (or interpolated) from nodal solutions

- -

N, ) N,

T

— Displacement within the element
u(x)=a+bx=u, +u2;ul X % . e .

— Strain of the element

g(x)—a—u——lu +lu
ox L' L°

Interpolation (Shape) Function

394
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EXAMPLE: FINITE ELEMENTS

Plastic Wheel Cover Model

— 30,595 Nodes, 22,811 Elements

— Matrix size is larger than 150,000x150,000.
— MSC/PATRAN (Graphic user interface)

(FEM) 89020 (S! 3! v9)
(/ T e 8
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FEM simulation of heating disc brake with ABAQUS

LS v s
ﬂu\p 1l 4
|
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