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“‘:? Introduction

Fidesys LLC is an engineering software company with offices in Moscow,
Russia and NJ, USA, founded in 2009 as a research group of Lomonosov
Moscow State University.

Fidesys LLC develops the next-gen universal software suite for high-end
structural analysis (CAE, computer-aided engineering) using a new generation
of FEA methods.

CAE Fidesys is used in mechanical engineering, mining, oil and gas industries.
The company is a resident of the Skolkovo Innovation Center and a member
of NAFEMS, the International Association for the Engineering Modelling,

Analysis and Simulation Community.

CAE Fidesys is verified according to the NAFEMS standards.
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(
J:? Our Team

« 20 programmers—mathematicians (postgraduates,
PhDs and PhD candidates from the top Russian
universities*)

« 11 consulting professors, working in the Russian
Academy of Sciences, Columbia University,
University
of New Hampshire and lowa State University

« Management, sales and marketing specialists with
extensive experience in various technical fields and
international background

Board of directors incl. top-mangers of IT industry (former
VPs of PTC CIS, Autodesk CIS)

Key expertise: precise math modeling for structural

analysis and related engineering fields

*incl. Lomonosov Moscow State University, Bauman Moscow State Technical
University, Moscow Institute of Physics and Technology, and other leading regional
universities
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?\?Business directions

4 4 )
Development, support Engineering services
and commercialization of based on computational

CAE Fidesys kernels of CAE Fidesys
g g j
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CAE Fidesys Standard 1.7

Linear problems of elasticity

Plane stress and plane strains problems

3D static and dynamic (transient) analysis

Modal and buckling analysis

Beam/Shell/Solid elements and their combinations

CAE Fidesys Professional 1.7 =
CAE Fidesys Standard 1.7 +

Accurate estimation of the nonlinear effects: physical,
geometrical and contact nonlinearities

Problems for weakly compressible and completely
incompressible materials

Strength analysis for elastoplastic materials: Mises,
Drucker-Prager

Bonded/sliding/friction contacts
Hyperelastic materials (Murnaghan, Mooney-Rivlin)
Thermal conductivity and thermoelastic problems

CAE Fidesys - Desktop bundles

v' Fidesys HPC

Parallelization of major stages of computational
process

Speed-up calculations by up to 30 times
OpenMP technology: parallelization on all
computational cores of a workstation

MPI technology: parallelization on several
workstations inside a network or on nodes of a
supercomputer

v Fidesys Dynamics

Application of spectral element method for linear
and nonlinear problems

Non-stationary problems

Full waveform modeling

Seismic modeling
Non-destructive control modeling

v' Fidesys Composite

Analysis of composites’ effective properties

Construction of the realistic composite’s
microstructure

Strength analysis of tools and parts made of
composite materials (including porous, fiber-
laminated and woven composites)

Estimation of effective properties of a monolayer
Rubber-cord materials modelling

© 2018 Fidesys LLC



fc)

Analysis process

~
~

* Preprocessor
— GUI
— Console interface with an integrated automation mechanism

« Calculation
— Console application with an external Python based API

 Postprocessor (Fidesys Viewer)
— GUI
— Console interface with an integrated automation mechanism

© 2018 Fidesys LLC :



CAE Fidesys Standard




r(? CAE Fidesys Standard

3D, plane
stresses and
plane strains
problems

Beam,
shell, solid
finite
elements
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Strain distribution

Vg” Truss structure analysis

Strain Magnitude
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"7 Section lifting

floor

Rigid sections
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Fidesys Bundle 1.7 UNPROTECTED
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Analysis of the pressure tank
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?c) Compatibility and support

= Support for the most CAD/CAE formats

I INVENTOR @ COMMAG.3D creo SIEMENS

A PTC Product

p7 CATIA p7S SOLIDWORKS p% SIMULIA

= Support of general data types

« ACIS « AVS « STL
* IGES * Genesis/Exodus * |deas
« STEP * Facets * Cubit
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=) Modal analysis of the cover
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Railway wheel side analysis
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~JpData formats,
finite elements

ACIS (*.sat, *.sab);

IGES (*.igs, *.iges);

STEP (*.stp, *.step);

AVS (*.avs);

Genesis/Exodus (*.g, *.gen, *.e,
*.ex0);

Facets (*.fac);

GAMBIT Real Geometry (*.dbs)
Catia (*.CATPart, *.CATProduct,
*.ncgm);

Parasolid (*.x_t, *.x_Db)
SolidWorks (*.sldprt, *.sldasm)
Pro/E (*.prt, *.asm)

STL Files (*.st);

Patran (*.pat, *.neu, *.out);
Ideas (*.unv);

Abaqus (*.inp);

Fluent (*.msh);

Nastran (*.bdf);

LS-Dyna (*.k*)

Ansys (*.cdb)

© 2018 Fidesys LLC

BEAM2 (beam)

BEAMS3 (curved beam)

QUAD4 (4-noded quadrilateral)
QUADS (8-noded quadrilateral)
QUAD?9 (9-noded quadrilateral)
SHELL4 (4-noded quadrilateral)
SHELLS (8-noded quadrilateral)
SHELL9 (9-noded quadrilateral)
TRI3 (3-noded triangle)

TRI6 (6-noded triangle)
TRISHELL3 (3-noded triangle)
TRISHELLG6 (6-noded triangle)
HEX8 (8-noded hexahedron)
HEX20 (20-noded hexahedron)
HEX27 (27-noded hexahedron)
TETRAA4 (4-noded tetrahedron)
TETRA10 (10-noded tetrahedron)
WEDGES®6 (6-noded wedge)
WEDGE15 (15-noded wedge)
PYRAMID5 (5-noded pyramid)
PYRAMID13 (13-noded pyramid)
SPRING

LUMPMASS

CONSTRAINT
SEM N (spectral element of Nth order)



' Solid-Shell structural analysis
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Analysis of the wing box
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(f?? Analysis of the wing box

Stress (Mises), MPa

& 3 2 8 & 3 2 8 & 3 2 8
@ ~ © © w < ] ) o~ - o o
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lysis of engine blades

NODAL SOLUTION

Displacement
0,022

-.0659213 ) -.0 L 004371

Blade,
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\/ Analysis of engine blades

NODAL SOLUTION
LUG

STEP=1

SUB =1

TIME=1

SEQV (RVG)

DMX =.768001

SMN =.046423

SMX =223.096

Stress (Mises)

220.562
-200.000
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V CAE Fidesys features

Integration with CAD software

= A push-button export of CAD-model into
CAE Fidesys

» Automatic meshing

» Simulation and analysis at the early
design stages

= Evaluation of structural performance for
design alternatives

NANOCAD

)’ BRICSBAD YMHOE MPOEKTUPOBAHME

@ KOMMAC-3D I INVENTOR Be)yyeiV/.\lel=
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Authorized Developer

’;) CAE Fidesys features {\ AUTODESK

Integration with Autodesk Inventor

| Generic J 5 bz SN LS M ' = -
he anage  View ts BIM G ki) =
E @I @ QLoft 2 coil @ @) Chamfer & Th@d 'i;_z, MoveFax‘:e El’j DAXE,S SR - | ? 5& &'g :’iCqud
u One-button eX Ort Of Create Box Extrude Revolve % i ?gh b Hele Fillet Shel g el % Gy Bhject Plane - Poict @ @ * E‘g [&] Convert to W FidgsjeBundle
p 2D Sketch ‘ 5 | |T_l, Rib [ Derive @ Draft L.";] Combine D‘.;. Move Bodies i l/_ ucs |}||ﬂ \g‘ Bx & 3 53 | Sheet Metal
C AD m Od eI fro m Sketch | Primjtives l Create = Modify ~ Wonk Features Patteny | Surface = | Plastic Part | Harness | Convent | Fidesys Caleulations
. Hodel i
Inventor into CAE x5
1 . tipt
Fidesys; iy IR

- 73 Sokid Bodies(1)
5& T View: Master
- [ orign

- E’Lﬁ part1

= No need to re-build FEA || ™
model if the CAD-model
parameters were
changed in Inventor;

= Export to Sim4Design
for analysis in the cloud

Ready -
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CAE Fidesys features

BRICSCAD

Integration with

A BricsCAD Platinum (NOT FOR RESALE License) - [Drawing1] e X

.
BrICS‘ AD L File Edit View Inset Seftings Tools Draw Model Dimension Modify Parametric Assembly Window Help Fidesys .8 x
Home Ske Solid Surface Assembly Anrotate View Settings Tools
POEHIS. DS DAl cpee ——mw® 5ok es
: N"*Wkn open 5 e B | Moy - 2 e o L tsmt B ity snas | L | ] Send  eTranemit.., | P Frrt. Rel el
ew o ng DEn EVE ile as! el rawing EYOU ettings. . n naps AYErs T eTransmit. . review, i elease lelp
- - ® 5 - ~ Explorer...~ s} - - GG ELELYEELERE Mail.. notes.. @
File Chapoo Clipboard Settings Layers Transmit Print / Plot Help
“““ *| Drawingl X | x
= One-button export of
n n X r Model  Library Report Mo Selection «|Z
I 't Bleenerar
CAD model from Color [l overer
Layer 0
. . 5] Component Linetype ByLayer
BricsCAD into CAE e
Description Lineweight Bylayer

Transparency |Bylayer

Fidesys;

2] View
Camera 2.1154, 0.7011, 0.1835
Target 1.1154, -0.2989, -0.8165
2 Perspective off
I} T Lens length 50.0000 mm
. . Field of view |39
= Automatization of -
Width 577.6823 mm

engineering analysis of —
the model in BricsCAD; e

Annotation scale 1:1
Default lighting | On

.

= A possibility to perform
model optimization and [ :
tuning o v

Ready -99.2523, 308.3513, 0.0000 Standard 150 Mechanical SMAP GRID ORTHO POLAR ESMAP STRACK LWT TILE DUCS DYM QUAD RT TIPS None

222
~ @ TJ 9) ENG

1| 4] » | M| Model [ Layoutt [Layoutz

16:22

2016-10-03
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CAE Fidesys Professional




(f ) Contact mechanics of elastic bodies

Non-linear contact interactions between solids

Static or dynamic (with/without friction) contact problems

= Bonded contact
Internal penalty method, Lagrange multipliers method
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Fidesys Bundle 1.7 UNPROTECTED
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?\? Bonded contact

« Support for nonconformal meshes with
gaps/overlaps between contacting bodies
=> no need for simplification/healing of an
iInput CAD assembly

« Continuous displacements and stresses
even in case of gaps/overlaps!

« Automatic contact zones detection based
on a specified geometrical parameter

© 2018 Fidesys LLC



?C‘) Bonded contact: example

Nonconformal spectral element
mesh of different orders and mixed
types of elements

Continuous solution even in the
presence of the gap between solids




g;) Collet lock

« Kinematic movement of the collet until its
complete exit from the bushing

Stress Mises
2.26e+009 -

1.69346+9
" 1.1289e+9

' 5.6447e+8
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Physical nonlinearity

cr_;‘

Yield surface

= Nonlinear elastic material models (Murnaghan, Mooney—Rivlin)

= Elastoplastic models (Mises, Drucker-Prager)
= Non-associated plastic flow rule

= Linear/Polylinear/Power hardening

Plastic Strain Intensity Cumulative
0.23-

['—,'0.1727

0.11513

0057566

8.1 be—023—[
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Stresses In the bearing support
due to te fan blade breakage
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Mathematical modeling of whiplash limiters for pipeline ruptures

* Compressivé force vs displacement of the top end of the cylinder
,_____——4\
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Elastoplastic nonlinear
hardening under finite
strains and multiple self
contacts

I\

St
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Numerical results
at high order

spectral element
mesh

© 2018 Fidesys LLC

Curvilinear coarse
mesh used for
simulation
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Complex nonlinear problems

» Steady-state and transient thermal conduction

= Different kinds of BCs: temperature, heat flux, convective heat transfer and radiative
heat transfer

» Thermo(Poro)elasticity, Thermo(Poro)elastoplasticity
» Self contact problems under large plastic strains

Displacement I\/Ic:gnHude Tmactrueckne gedopmannn (Muzec)

0.051 _pgs .

Eo.oa

£0.03

0.0

Z -
X

¥ =0.01

0.000311 . ° 0
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Additional modules
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CAE Fidesys structure

Fidesys HPC Acceleration of calculations

high-performance computing

= All major analysis stages are parallelized by
= OpenMP & MPI technologies at

= Multi-core systems and

» Cluster/network systems which gives

= A drastic reduction of the total analysis time

Dimensions: 3D - ng = rﬁ < MetisPartiumber - E
[] use spectral elements method Solid Colar E
Processors cellMNarmale
Use MPI H
MPL Seth ﬁ_'i Materiallndex
EHinas %ipeline Browser & Displacement X
() Local. Mumber of processors: 4 = ﬁ builtin: 2 InitialNodelD ]
i | ' +  MetisPartMumber
@) Multiple hosts (2) a BPBLEEE - Strain
Model ©_stress
Elasticity
[] Plasticity
[] Heat transfer
[ Finite deformations [ Add ] [ Delete l ;’ Save Result File
[] contact -
[ o ] - ;U [ 1 \ns25\calc_MPI
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rc) Scalability — 500 thousands of DOFs

Process vs. Speed Up

SpeedlUp

© 2018 Fidesys LLC



"/ Scalability — 4 millions of DOFs

Process vs. Speed Up

SpeedUp

Mumber of CPLs
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~P»HPC example: geomechanical analysis of
V» mine workings (> 30 min. elements)

.\

The current geomechanical situation in the mine is reproduced and the result of the possible strengthening of the rock mass after

puffing (tamponage) or the replacement of the linings.

Reinforcement Reinforcement (tamponage) +

Current situation Replacement of SVP 27 for (ﬁmponatgelz) Replacement of SVP 27 at SVP 33
horizontal convergence SVP 33 Horizontal orizon 22 Horizontal convergence 30 cm
70cm convergence 64 cm convergence oc cm

© 2018 Fidesys LLC



CAE Fidesys structure

Fidesys Dynamics High order space discretization (SEM)

Spectral element method.

= High accuracy and stability of the numerical algorithm
= Automatization of grid convergence analysis

» Lack of locking issues for high orders of the numerical scheme

A 3D discrete model of the deck eye Spectral element mesh of the model Analysis of stress concentrations

© 2018 Fidesys LLC



Additional modules

Spectral element method — a modern FEM modification

Most effective for dynamical analysis
Fidesys Dynamics

Spectral element method.
High-precision non-stationary problems

Non-stationary problems with fast changing processes

Increased speed and accuracy of calculations

Effective parallelization available with Fidesys HPC

Displacement Md

3D seismic full wave modelling

© 2018 Fidesys LLC



@:? Spectral Element Method

Basis functions — Legendre Elements of the gri
polynomials, providing a

spectral-order ’
approximation in space

12| Legendre polynomials i
' n=1 n=2

oo 0 7 High aceuracy in

sl L . % 1 | | approximating the
"~/ /1 curvilinear geometry of the
e body

-0.4
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CAE Fidesys structure

Fidesys Composite Estimation of the composite
Multiscale simulation effeCt|Ve propertles

Engineering analysis of composites and structural
elements made of them

Multiscale simulations
» Properties of reinforcing fibers
» Composite matrix modeling

» Effective properties of the composite are estimated based
on the representative volumetric element (RVE) analysis

Progressive fracture growth in the composite
» Determination of the critical stress value of the structure
» Simulation of a composite behavior after fracture initiation

Nonlinear effective properties, prestressed materials




¢ Evaluation of rubber cord effective
V properties
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V Numerical vs Analytical results

* Linear problem, dual-layer rubber cord
* Young's modulus of the cord and the rubber differ in 4 orders

12000 3000

2500 -
2000 -
1500 -

1000 -

C] 122 MPa

500

10 20 30 40 50 60 70 &0

Angle | ° Angle | °

10 20 30 40 50 60 70 80

————— Numerical solution
alytical solution (Bidermann,1963)
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r) CAE Fidesys structure

Fidesys Composite Effective properties of composite materials

Multiscale simulation

» Modeling a realistic composite microstructure

siccpsd = Simulation of products made of a rubber cord
0.5460189

0.4

0.2
0

£-0.2

' g
SN ——

-0.359087 = < —

Cap Plies

Stress XX
0.4750409
0.4

0
-0.4
¥ 0.8

-1.2
-1.280673
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9 Analysis of the composite tank under
v iInternal hydrostatic pressure

Deformations x300

3'd Buckling mode
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CAE Fidesys Interfaces




«

CAE Fidesys interface

v

» Standard operations on files and

FidesysBundle 1.6 Professional -

projects ———

Name o
4 T Volumes
» B Volume4 4
445 Groups
4 picked 1
458 Boundary Conditions
» 83 CFD
b FEA
4 @ Materials
b 4B FEA Materials
@ CFD Medias
4@ Blocks
& Block 1
B Side Sets
1 £ Node Sets
B Boundary Layers

File Edit View Display Tools Calculation Help

DY@ NEEN P ®FPC

= The Model Tree

Power Tools

W e e ||« :

Command Line

BRI x|+ o A

Command Panel

Mode - Calculation settings

399-ne

Calauiation settings - Static

Dimensions: EN
] Use spectral elements method
Use MPL

MPI Settings

) Local, Number of processors: 4

Configure...

(® Mutiple hosts (2)
Model

Elasticty

[ Plasticity

[ Heat transfer

[ Finite deformations

Properties Page & x| [Journaled Command: spectralelement off
Current Yiew |Fu|| Tree - | Perform Action desysusene off
® Journaled Command: usempi off
-~ Fidesys >solver method auto try_other off

Journaled Command: solver method auto try_other off

Mame 3]
i (@ Volumes

Fidesys >solver method auto try_other off
Journaled Command: solver method auto try_other off

Fidesys>
Fidesys>

al [] contact

[] set noniinear aptions

5@ Apply
Start Calculati

[+ 4 Groups
D% Boundary Conditions
[ Q Materials
Jﬂ Blocks
P Block 1
B Side Sets
‘}‘:’{’ Mode Sets
ks Boundary Layers

command /\_/t Error J\ History ]

Working Directory: C:/Program Files/Fidesys/FidesysBundle-1.6/preprocessor/bin

Main window
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CAE Fidesys interface

= Logically arranged Command
Panel

Command Panel ix
Mode - Geometry
399 s L=

Entity - Volume

PSS M BT

m A s
o Createvnlumesi
IR | I

i il
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el FidesysBundle 1.6 Professional

File Edit View Display Tools Calculation Help

DNENEEN P 999

Power Tools.

M A @R

Mame D" Prop
4 @ Volumes
> @ Volume 4 4
4 Groups
i picked 1
488 Boundary Conditions
» & D
=8 FEA
4 Q) Materials
1+ 43} FEA Materials
4@ CFD Medias
4@ Blocks
& Block 1
b BE Side Sets
> £3 Node Sets
: Boundary Layers

IRIAELARQUOERIDY H - & & +- 4

z
-
< >
Properties Page & ¥ | || Journaled Command: spectralelement off
Perform Action

Fidesys >usempi off

Journaled Command: usempi off
=
fEz R

Fidesys>solver method auto try_other off
Journaled Command: solver method auto try_other off

Fidesys>salver method auto try_other off
Journaled Command: solver method auto try_other off

Fidesys>
Fidesys>
command /\_4 Error /\ History /
Working Directory: C:/Program Files/Fidesys/Fidesy 1.6/prepr +/bin

Command Panel
Mode - Geometry

299 <3=
* 89

=3

ndla

Y]

B s RE

Brick Dimensions

O ——
e —
e

Main window




«

= Properties of the selected object
(Properties Page)

Properties Page
Perform Action

ol 2|2

Property
4 General
Id 1
Idless Signature

£ e R

Value

calc

Marme Block
Description
| Element Type QuADd -
Color TRISHELL ~
Element Count TRISHELL3
Attributes TRISHELLG

TRISHELL7
SHELL
SHELL4
SHELL2
SHELLS
CQUAD

QuAD4 hd

© 2018 Fidesys LLC

CAE Fidesys interface

_— |

Perform Action

®

7 FidesysBundle 1.6 Professional
File Edit View Display Tools Calculation Help
DYE NEEN Pl 9999929 2AE2QQA9EEIDT T » & &> +- L B- @
Pawer Todls & x
EEE UL -BEEE
Name o P
4 Volumes
[ Volume 4 4
4 Groups
b picked 1
P -~ A i v
< 3>
Volume 4
Opertes rege

60 Fidesys =usempi off

Number of Elements Journaled Command: usempi off

Number of Nodes 75

Requested Intervals Mot Set Fidesys >solver method auto try_other off

Requested Size 0142587 (W) Journaled Command: solver method auto try_other off
Meshed Volume cale Fidesys>»solver method auto try_other off
Mesh Scheme Polyhed Journaled Command: salver method auto try_other off

Smooth Scheme
4 Metadata
Dart Name h

Equipotential I

Fidesys>

Property Value
4 General
1d 4 [y
Type Volume
Name Volume 4
Idless Signature cale { 7
Color Not Set -
4 Geometry
Engine ACIS
Volume calc Command Line =03
4 Meshing Journaled Command: spectralelement off ~
1s Meshed Yes

2 Command /f\_/t Error /\ History /
)

Working Directery: Ci/Program Files/Fidesys/FidesysBundle-1.6/prepr /bir

Command Panel 8 x
Mode - Geometry

Y

Entity - Volume

- EICY
S IRlgRI 1]

&

amweRe
e ¥
|Brick -

Brick Dimensions

= T

Main window



CAE Fidesys interface

= Console

Fidesys »set duplicate block elements off
Setting duplicate block elements to OFF,
Journaled Command: set duplicate block elements off

Fidesys =block 1 valume all
Added Volume 4 to Block 1
Journaled Command: black 1 valume all

Fidesys »block 1 element type hexa
Journaled Command: block 1 element type HEXE

Fidesys =

Command Line E
Current entity is Surface 31. -

[l

\. Command /\ /% Error_/\ History /

Entering Commands
Displaying messages
History

Running scripts

ANENENEN

© 2018 Fidesys LLC

e FidesysBundle 1.6 Professional

-

File Edit View Display Tools Calculation Help

SEB YNEEN Pe 999982

Power Tools 3
M s @ |2 ¥
Current View |Full Tree -
Name o prA
4P Volumes
o[ Volume4 4
4.5 Groups
Y v
< >
Volume 4 k.
Properties Page & x

Perform Action

whe2?E R

2RAQERIITE > & - +> L- H-> @

Command Panel 8 x
Mode - Geometry

3991w

Entity - Volume

REEIC
é

Action - Create

amue R ®
& K

Fidesys >usempi off

Mumber of Elements 60 Journaled Command: usempi off

Number of Nodes s
Requested Intervals Mot Set Fidesys >solver method auto try_other off
Journaled Command: solver method auto try_other off

Requested Size 0.142587 (N)
Meshed Volume cale Fidesys >solver method auto try_other off
Mesh Scheme Polyhed Journaled Command: solver method auto try_other off
. M;r:::tt: Scheme  Equipotential Felesye>
. | Jf Fidesvs>
art hame

Brick -
Property Value ~ Brick Dimensions
4 General X (width) |10

Id 4

¥ (height)

Type Volume

Mame Volume 4 Z (depth)

Idless Signature cale v o,

Color Not Set wt
4 Geometry

Engine ACIS

Volume calc e a8 x
4 Meshing Journaled Command: spectralelement off ~ 2] = F—

Is Meshed Ves 22

> Command J/\ 1) Error )

Working Directory: C:/Program Files/Fidesys/FidesysBundle-1.6/preprocessor/bin

Main window




f\? CAE Fidesys interface

Geometry creation

RSy Iy N

Vertex Curve Surface Volume Body

B = Action - Create

Mode - Geometry
e |
A | 8

299 ~ 5=

olol = eF FIE3
:

3L

Action - Create

Cylinder
Prism
Pyramid
Sphere

[Brick - Torus

TrhTerers From Bounding Surfaces
. Lofted Yolume &7
¥ (width) 10
¥ (height)
Z (depth)
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V CAE Fidesys interface

Geometry editing

Action - Boolean

EILICTEIFS L

@/ %]
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"/ CAD vs CAE

« CAD-model
— In most cases is 3D
— Acknowledges all the geometrical tiny details
— Possible intersections and overlappings

« CAE-model

— Strength characteristics are of major importance

— Some three-dimensional parts should be replaced
by beams and shells
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(f\? Model preparation

« 3D — 2D, 1D
— Beam structure generation
— Shell structure generation

» 3D geometry editing Il oaning
— Chamfers and roundings elimination

— Virtual combining of surfaces
— Conformity of volumes
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CAE Fidesys interface

Meshing

1. Geometry import 2. Specifying meshing intervals 3. Mesh generation 4. Mesh quality checking 5. Creating BCs 6. Calculation parameters

= Supported types of the finite elements for meshes:

=

3D 2D Shells Beams

4-noded tetrahedron 3-noded triangle

) 3-noded triangle (TRI/TRI3), (TRISHELL/TRISHELLS3), 2-noded beam
mf;ﬁgjgf?f%ﬁnl%‘;ed 6-noded triangle (TRI6) 4-noded quadrilateral (BEAM/BEAM?)
(SHELL/SHELL4)
4-noded quadrilateral 6-noded triangle
8-noded hexahedron
) (QUAD/QUAD4), 8-noded (TRISHELLS), 8-noded ]
(FIESH=E), 20 ekt quadrilateral (QUADS), quadrilateral (SHELLS), ETERIEE) (2R (BERE)

hexahedron (HEX20), 27-

noded hexahedron (HEX27) 9-noded quadrilateral 9-noded quadrilateral

(QUADY) (SHELL9)

5-noded pyramid
(PYRAMID/PYRAMIDS5),
13-noded pyramid
(PYRAMID13)

6-noded wedge
(WEDGE/WEDGES),
15-noded wedge
(WEDGE15)
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CAE Fidesys interface

Command Panel

2|2 @ x|

AR

Mode - Mesh
Meshing M[ﬂ@ -
. Entity - Violume
o ™" (@l
= Several meshing algorithms: s ‘ H ‘ Al
» Automatic E
» Specifying approximate element R
size 1 e
» Geometry-adaptive E‘ =
» Interval meshing =
= Meshing schemes and attributes;  Select volumes
= Mesh refinement; ’
= Mesh optimization and smoothing. Lt“;ﬁmr
-
(| Propagate
V] Preview

Approximate Size
Geometry-adaptive
Classic Geometry-adaptive
Interval

Sizing Function

Specify meshing schemes
and attributes

[General Refinement -

Volume ID(s)
Refinement Condition

() split Tterations | 1

@ Target Size 1

Bias 1.0
Refinement Boundary
i@ Element Depth 1

") Refinement Radius | 1

Mesh refinement
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Generation of irregular mesh and quality control

= Mesh refinement in accordance to user-defined metric
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CAE Fidesys interface

Generation of irregular mesh and quality control

= 3D-mesh refinement

VAV
v
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=4 Displacement 2

BC Nam D Formula | Table I P|ut|
&5 Displacement 1 P r—
= = &5 Displacement 3 ‘lw'sin(xl ‘
T Pressure 1
cer [[ + [ - ([ = [+ [ = 1]
sin

T ] e ][ ] eo ] [ O]

o | [ o [ oe ][ e ][ een |

sth || wsh | @h || abs || ol || floor |

Boundary Conditions

Supporting different types of BCs:

» Force;
Pressure; |GEI'I'I'I'IE’I{|PEI1E| & X| BC Name D Formua | Table | Pt |

&4 Displacement 1 | O Time

Mode - Boundary Conditions =5 Displacement 2 S

=% Displacement 3 -55,0032 | -99,3355

M Y [ JPSTET N :
X 3 [OR
-52,8672 51,4005 Oz

Displacement; P Py

I=[a][][E]lF

w
vV V V V V VYV V V VY

Entlt"f -50,6412 36,6977 _:::t
Temperature; Py —
p - I; E #:. ‘ E ‘ E _.?_.‘_:J 424153 -961211
Convection; e p—
. U [= ] -46,1893 80,4378
Z Acceleration; 4|& | =| - | d Icf oo
L VelOCIty; Mode — Boundary Conditions [y [ ok ][ conee

Contact pair;

BC Name D Formuia | Taple | Plot

&> Rigid connection. ;g;::EEE:EE:i %_ﬂ ﬂ ﬂ ﬂ ﬂ ” ﬂ ﬂ
LRI
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(?c)

Materials

= Physical models:

» Linear isotropic material (Hooke’s material);
» Composite materials, concrete,

geomechanical samples;
» Rubber materials;

» Steel, plexiglass, copper, etc.

= Materials library;

CAE Fidesys interface

vy Process effective properties data ?
Data file: | H:fworkftest25/C_ijk. txt
Material Type:
() Orthotropic
O Transversely Isotropic
(®) Isotropic
Process data | |Export Material...

Name Value 24385,2 817,72 36,7224 78,4162 0,036054 0,123156
Young's Modulus  10478,9 2659,79 37,4092 40,5934 -0,171397  -86,7912
Poisson's Ratio  -0,141917 42,8152 0006055 0000648  -0,444483

112,99 -0,023243  0,003506

1,28037

0,02063

1,03233

Command Panel
Mode - Blocks and Materials

=

399

295

Action - Create Material

=& &

Mame: test material

Description:

[[] set

Copy Material [Stee{

z)

Property Group: [Hook Material

7

Property
Young's Modulus
Shear Modulus
Poisson’s Ratio
Density
Specific Heat
Conductivity
Coeff. of Thermal Expansion

Yield Strength in tension

Value it

Zes1l

0 =
03 3
8000

500

0.045
1.2e-05
1.6e+08
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Material generation

window

Power Tools =4
i & ® [ | ¥
Current View [Full Tree v]
Name o P
i @ Volumes
[+ 4 Groups
D% Boundary Conditions
4 Q Materials

JQ FEA Materials

Q test material 1
4 CFD Medias

Dg Blocks
> BR Side Sets
D‘}‘:’{’ Mode Sets

BL Boundary Layers
4 T b

Materials and blocks in
the Object Tree
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V CAE Fidesys interface CSRotaton Arge 0.

@ Select profile
I-Beam -
Beams and shells .
[ —
) | . z
= Thickness and Loft Factor for shells; ‘-’l L
= Beam cross section properties; T 7
d
[Shel Thickness - “;1 =
|
Block ID(=)
Display HEight( H) 0.1
@ Mormal Bottom Widm(B") 0.035
() Thickened op width{ 32 0.053
Scale 1.0 | Bottom Thidnessl C1)  0.0072
Use Constant Col
D =€ LLonstant Lolor Top Thidmess(cz) 0.0072
| Pick Calor || | d
Thidmess( ) 0.0045
[ Add Center mass coordinate (21
Thickness (") SetParameters

Loft Factor .5 Inertia moment Iy 1.94377e-06
Inertia moment Iz 2.003e-07

Inertia moment Ix 2. 14490 7e-06
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V CAE Fidesys interface

Calculation parameters

= Analysis types:

» Static;
» Dynamic (transient);
» Modal;
» Harmonic;
» Buckling;
» Effective properties of composites.  method
[[‘.hoose Automatically - ]
On fail

= Solvers:
> Finite element method (by default);

Try other Methods and Preconditioners

» Spectral element method. £

Start Calculation

= Solution progress in the console.

Static - General

[ Use spectral elements method
[ Use MPT
Model
Elasticity
[] Plasticity
[] Heat transfer
[] Finite deformations
[] Contact

Set nonlinear options

Monlinear options

Min load steps 1
Max load steps 10
Max iterations 100

Tolerance 185
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(?;) Harmonic analysis: damping parameters

[€] = +z " [M;] + (B + BK zm:( ﬁ,§>[1<j]+§n:[61
/ o / \ 7N

2 4 5 6 I

Calculation settings - Harmonic analysis Name Entity - Spring Properties

il [ o [ I gD
* o 7 Elasticity
zale. 6 v General Block ID
Harmonic - Damping ' Spring type:
& (@) O | 4 Damping coefficient Linear spring
1 \ Mass damping coefficient R —
Stiffness damping coefficient S
. orsion spring constant
2 Structural damping 5 ﬂ) Damping coefficient
$ Mass Matrix damping > Plast|C|ty Linear damping coefficient
Stiffness Matrix damping > Hardening
2 pu > Thermal
3 = - > Geomechanic
Start Calculation ? Preload & Apply
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f;? CAE Fidesys interface

Results Visualization and Postprocessing

= Visualization and analysis of the obtained results:
» Visualization of vector and tensor fields;
» 1D plots, export to CSV;,
» Time dependency analysis.

= Evaluation of the mesh quality
= Slice and cross section views —

= Data export
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Harmonic analysis

¥ Fidesys Viewer 2.1.7
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\» Visual filters

y
Visualization Visualization Visualization
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@ Smoothing the obtained results

Physically consistent stresses and strains
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Q:? Safety margins

o
 The first theory of strength 7=
1 O-T
- Energy theory =
. Pisarenko-Lebedev theory |
o' o'
1= \ where Jy=—
xo,+(1- 7)o, o
*  Mohr’s theory n= where y =
o,— Y0, o
n= O'+
» Tresca theory ——

o, , 0, , 0; — principal stresses

0, — stress intensity (von Mises)

ot , o — tensile and compression strength
o’ — yield strength

n — safety margin
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(’;) Fidesys scripting language

Fidesys can be controlled using the commands:

— Commands in special language are generated in GUI and then
transferred to the command handler

— Command history is written to a *.jou file
— Commands are displayed in the command console window
— One can program using this command language

bri x 10

cyl radius 2 z 12

subtract vol 2 from vol 1
vol 1 size .5

vol 1 scheme auto

mesh vol 1

draw surf in vert 1

draw hex in node in surf 1
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(f:,) Aprepro

» Aprepro = Algebraic Pre-Processor

* |Integrated programming language:
— Parametrization of the journal files
— Error control
— Logical control

#{i=1}

#{size=10}

#{loop(50)}

brick x {size}

move volume {i} location {size*i} © ©
#{i++}

#{endloop}
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V' @ python

Python - widely used scripting language.
Lots of software use it for automation, eq.:
— Abaqus
— Paraview
— PyTrilinos
Installer and full documentation are available on the
official website www.python.orqg.
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http://www.python.org/

o
\? Example

# Results file open
from vtk import *
reader = vtkXMLUnstructuredGridReader()

filename = os.path.abspath(os.path.join(os.getcwd(), “C:/result/result.vtu”))
reader.SetFileName(filename)

reader.Update()
grid = vtkUnstructuredGrid()
grid = reader.GetOutput()

# Stress intensity calculation (based on Mises)

stress = grid.GetPointData().GetArray("Stress")
maxmises = -1.0

for i in xrange(stress.GetNumberOfTuples()):
XX = stress.GetTuple(i)[Q]
YY = stress.GetTuple(i)[1]
ZZ = stress.GetTuple(i)[2]
XY = stress.GetTuple(i)[3]
YZ = stress.GetTuple(i)[4]
ZX = stress.GetTuple(i)[5]
mises = math.sqrt( ( SQUARE(XX - YY) + SQUARE(YY - ZZ) + SQUARE(ZZ - XX) +
6 * ( SQUARE(XY) + SQUARE(YZ) + SQUARE(ZX) ) ) * 0.5)
if maxmises < mises:
maxmises = mises
print maxmises
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rc) Advantages of CAE Fidesys

‘ High speed and accuracy of calculations

‘ Flexible & adaptive geometry-mesh generator

‘ Wide range of supported CAD-formats

‘ Cross-platform (0S Windows, Linux)
‘ Low system requirements

‘ Low price compared to other solutions

‘ Cloud version - Fidesys online (SaaS)
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@\ Custom software development

* On the basis of CAE Fidesys'’s software modules, a custom corporate or
industry-specific software is developed (e.g. Fidesys Geomechanics for NTC
Gazpromneft).

« The customized package will be more functional and easy-to-use than the
general purpose CAE. It is focused on specific problems of the client.

« Development cycle of a custom software takes about 6-18 months depending on
the customer's specifications with the involvement of leading industry
consultants.

« As aresult, the customer obtains a dedicated corporate product.

« The package can be used as a simulation software which is capable for
fine tuning and extensively applied during R&D stage.
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fC? Simulation Designed for Design

Why aren’t more companies using Simulation as an
Integral part of Design?
— Simulation Is often considered too much to be used
for influencing design decision

Too difficult - Too complex - Too much expertise required -
Too expensive - Too compute intensive

— Just too much?

Simulation Designed for Design
IS now available!

— Simulation is no longer too much
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f;?SlmForDeygn - Released in January 2015

Streamlined simulation for design

— Making simulation accessible to
designers and other non-simulation
specialists

— Assess parts and simple assemblies

» Single material and linear behavior

— Web browser based analysis
* No software to license or install

— Pre-Paid Usage pricing
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\» Simulation Designed for Design

Streamlined simulation process
« Upload a STEP or IGES file
— CAD plug-ins coming
Mesh created automatically |
Define Material
Assign Boundary Conditions
Run Calculation
Visualize Results in Web browser
Generate a report
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«

Free

$O:|:|

1 User
0 CPU Hours
0 GB Storage

Free Examples Project

. Sign Up Now

© 2018 Fidesys LLC

Standard

10

1 User
1 CPU Hours
1 GB Storage

S Projects (+ Free Examples)

. Sign Up Nowl

Premium

50

1 User
10 CPU Hours
10 GB Storage

10 Projects (+ Free Examples)

~ Sign Up Now!

Professional

250

1 User
&0 CPU Hours

100 GB Storage

Unlimited Projects (+ Free Examples)

~ Sign Up Now!

\» Pay-as-you-go pricing model

Corporate

$500¢

Multiple Users
150 CPU Hours

1000 GB Storage

Unlimited Projects (+ Free Examples)

Sign Up Now!



({’;7 Fidesys Online — cloud CAE

« Available 24/7 in your browser at http://sim4design.com
 All calculations, renderings etc are done by the cloud
« Collaboration and joint project analysis

==
4 m Documents - Onshape x | '
&« C £ https://partner.dev.onshape.com/documents?filier=rerentv-spenedicnlumn=modifisd Af&nrrler =dexss =
Onshape : Invite friends O @ ~  Ivan Nikiforoy ~
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g;) Corporate CAE-platform

 Private cloud solution for the client’s internal usage
« Avallable from any device connected to internal Ethernet/VPN

* Cost reductlon cost of ownership, support, securlty
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Fi desys Viewer

Postprocessing, analysis
and visualization of computational results

Buy CAE Fidesys About Training

The CAE Ficesys Standard costs less than  Fidesys, an enginzering consulting company,  Fidesys expents can provide training at the
ons s and and at cur taiming cenler

© 2018 Fidesys LLC



Fidesys in Azure/Amazon marketplaces

Fidesys X ‘ + v = g X

<« > 0O @ a azuremarketplace.microsoft.com/e f fe b w = L e P reproceSSi ng ]

Why Azure Solutions  Products Documentation  Pricing  Training  Marketplace  Partners Support Blog More

. I t .
Azure Marketplace Apps Consulting services Sell Learn Search Marketplace ) © Sign in S I u I O n ]
. .
Products > Fidesys anaIySIS’ renderlng

Fidesys etc. are done in

Fidesys

the cloud. 24/7

-
Innovative CAE system, which performs a full cycle of engineering-strength analysis a‘ :‘ : e SS I n th e
GET IT NOW CAE Fidesys is an innovative CAE system, which performs a full cycle of engineering-strength analysis from meshing to results visualization.

Pricing information By choosing our software you get:
Starting at 0,30 $/hour .

+ Azure infrastructure costs + The universal CAE system with the wide functionality range for any type of industry
Categories  Attractive price - several times lower than for well-known international CAE brands
Compute = Powerful and flexible pre-processor allowing to get high-quality finite-element meshing
5 " * High speed and accuracy of calculations confirmed by international NAFEMS tests
uppo i AR i = e & T
Support * Convenient interface. C & https://aws.amazon.com/marketplace/seller-profile?id=7c456747-5771-41a7-ae00-55a874b8d645
Legal
License Agreement u- Amazon Web Services Home
Pisinge marketplace
e e o p Sign in or Create a new account Your Account | Help | Sell on AWS Marketplace
Shop All Categories v m » Your Software
Pay-as-you go and -~ rissye
- -— (
\ Visit the Fidesys Website
- - N
Su bSC”ptIOl l based Fidesys Products (2)
- - CAE Fidesys
licensing models Pnnesrs Lo
The Fidesys engineering company was founded in Plans from $10 to $500
- - 2009 by experts and graduates of Lomonosov CAE Fidesys is an easy-to-use and effective tool for performing a full cycle of
Moscow State University, Department of Mechanics engineering-strength analysis including loading a CAD mode and its analysis,
and Mathematics. The Fidesys team includes 35 meshing, setting ...
graduates of Lomonosov Moscow State University, Software as a Service
Bauman Moscow State Technical University,
Moscow Institute of Physics and Technology, and -~ CAE Fidesys on Windows
leading regional universities. Led by 11 professor- b FIDESYS \ersion 163560 | Sold by Fidesys
consultants wiltvsiionaiscientific backgrounds;and $1.00 to $11.506/hr for software + Charges for EC2 with Windows + AWS usage fees
iredepthiexperience In solving co‘mphcateq ) CAE Fidesys makes the full cycle of engineering strengh analysis including loading
problems, the company?s focus is on engineering. a CAD model and its analysis, meshing, setting loads and material mechanical

Fidesys has many professional connections and properties: ...



=) CAE Fidesys trial version

V http:/ /www.cae-fidesys.com/

PRODUCTS DOWNLOAD SUPPORT

SIMFORDESIGN

Download Andy Gusev [Logout]

» 30 days

Fidesys Professional

» Fully functional ane
CAE Fidesys 15R2 Linux, 64-bit 2014-08-05
CAE Fidesys 16R2 Windows 7 /8/8.1/

CAE Fidesys 18R2 Windows XP /T /8/

» Step by step examples -

- t CAE Fidesys 16R2 Windows XP / 2003 R2, 64-bit
(+SCrI p S) Journal files 16R2
User Guide 16R2

* Al Fidesys Professional distributions contain Fidesys Viewer as well. Spectral element analysis and MPI technology are available for 64 bit versions only

» Test report

Fidesys Viewer

. - Name Version Operating System Date
> WI ndOWS/LI nuX 32/64 Fidesys Viewer 115 Windows x32 2014-08-08
Fidesys \Viewer 1.1.5 Windows x54 2014-08-08

Please check system requirements before installing

» Fidesys Viewer (free of
charge!)
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@;) Thank you!

Anatoly Vershinin, CTO
Email: a.v.vershinin@cae-fidesys.com
Phone: +7 (916) 184-49-28
WWW: www.cae-fidesys.com
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