SIMSOLID QUICK OVERVIEW
J\ ALTAIR MODULE 3 - STRUCTURAL LINEAR ANALYSIS

Sebastian Karp / Senior Application Engineer / February 19 2021




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

SimSolid Vision - A new paradigm for simulation

Altair SimSolid Is structural simulation that operates directly on
original, un-simplified CAD assemblies, does not create a mesh..

..and provides results in seconds to minutes
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Quick Overview Series

¢ Module 1: Introduction February  5th 2021
* Module 2: User Interface + Modal Analysis February 12th 2021

* Module 3: Linear Analysis February 19th 2021

* Module 4: Non-Linear Analysis February 26th 2021

* Module 5: Dynamic Analysis March 5th 2021

* Module 6: Thermal and SimSolid news March 12th 2021

* Module 7: Inspire/SimSolid Solver March 19th 2021
(all Fridays)
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Have a look at...

» Contact us for later communication etc.
trainings @altair.de

* Check out www.altair.com/SIMSOLID

2\ ALTAIR
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What Customers Are Saying
About SimSolid
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Download - www.altairone.com

Q
*

Altair One

Favorite Apps
My Apps

All Apps

Suites

Industrial Designer
Mechanical Designer
Concept Engineer
Data Analyst
Mechanical Engineer

Multiphysics /
Mechatronics
Engineer
Enterprise Suite

All Apps

SimSolid e
Latest Version: 2020.2

Eliminates geometry simplification
and meshing, the two most time-
consuming and expertise-extensive
tasks done in traditional FEA,...

i
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Have a look at...

« www.altair.de/resource/altair-simsolid-tutorial-projects

All SimSolid Demo Models, Training Materials, and Tutorials - —
T TR N RXa e TN A AN 7 BES RXACE WEITE N W AR At T TT———
X Sims : Sims " ETT Sims
Altair SimSolid - ERP with Altair SimSolid - Hydrostatic Altair SimSolid - Random Altair SimSolid - Thermo-
Constant Loading Tutorial Pressure Tutorial Response Analysis Tutorial structural Coupling Tutorial
Learn how to perform a Learn how to simulate an Learn how to perform a random Learn how to perform thermo-
dynamic frequency response... hydrostatic pressure in Altair... response analysis in Altair... structural coupling analyses in...
Tutorials Tutorials Tutorials Tutorials
A wNB 7 T KhA wnEdi7 B RX=AE WIEBE kN WOSTRIT 8 LRA ANEAI T
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SimSolid Simulation Capabilities

Solutions

* Modal

« Linear Statics

* Nonlinear Statics

* Frequency Response

* Linear Transient

* Random Response

* Thermal

e Thermal-Stress

* Inertia Relief

* Bolt Pretension

* Linear Superposition

* Partial dynamic
response

. I;atigue Analysis

Materials

* Isotropic

* Elastoplastic

* Rigid

* Fluid bodies

» User Extensible

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Connections

« Auto-connections

* Bonded, Sliding and
Separation with Friction

* Bolts

* Spot Welds

* Solid Seam Welds

* Bushings

¢ Rivets

* Virtual Connectors

* Adhesives

» Joints

Results

+ Contours and Animations

» Displacement, Stress, Strain,
Velocity, Acceleration, ERP

* Frequency and Mode Shapes

* XY Plots

* Modal Participation Factors

* Forces: Reaction, Contact,
Bolts and Welds

» Safety Factors

* Contact Responses

+ Strain Energy Density

/\ ALTAIR
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Set Structural Linear Analysis

Set structural  Specify contact Create boundary ~ Specify solution Run the analysis Interpreting
linear analysis conditions conditions settings results
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Set Structural Linear Analysis

Select from either the Analysis menu or main toolbar.
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Analysis = Settings

About

o

g

Structural
Modal

’ * Structural linear

fl Structural non-linear

er

Dynamics
Thermal

Post study

e
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Immovable
Support

Hinge Support

Pressureload

Gravity load

Remote load

Bearing load

Distribuited
mass

Nut tightening —

 —_—

-
e

et

«— Sliding Support

< Spring support

«— Force or displacement
<« Inertiaload

<— Thermal load

<— Hydrostatic load

«— Bolt tightening
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Geometry Considerations

SimSolid does not import CAD surface or solid geometry.

* From CAD (SolidWorks, Fusion 360, Onshape, ecc)

12

Full CAD hierarchical assembly tree structure used
CAD part faces used (preferred)

Facets are based on CAD add-in faceting parameters

From STL

Multi-body STL used. Flat assembly tree structure only

SimSolid determined part face structure based on surface
curvature (will miss fillet faces, see example on the right)

Facets are based on STL file export parameters
(must take care as some CAD system export poor quality STL)

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CAD face structure

STL face structure

No fillet faces

J\ ALTAIR
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Geometry Considerations

Facet Settings - Resolution

4 levels: standard (default), enhanced, fine, custom.

 Increasing the level of resolution the run time increases, so should be used only when necessary.

! Geometry import settings

Face faceting parameters

N E=T—

Angular devistion, [deg] | 15,0000
Chordal devistion, [mm] |0,5350000

Units for dimensionless CAD files
[] Always check part overiaps on import
[ use Parasciid reader

[ tmport materials
Custom metadsta sttributes

=Click here to add a new entry>

I Geometry import settings

Face facsting paramsters
Resolution

Angulsr devistion, [deg] | 12,5000
Chardal devistion, [mm] |0,2400000

Unis for dimensaniess GAD fles
[¥] Always check part overiaps on import
[] Use Parasclid reader

] 1mport materizls
Custom metadsts sttributes

«Click here to add a new entry>

§ Geometry import settings

Face faceting parameters

Resolution

Angular devistion, [deg]  6,2500
‘Chordal deviation, [mm] | 0,1200000

Units for dimensionless CAD fils
7] Always check part overlaps on import
[ se Parasciid reader

[ 1mport materils
Custom metadsta sftributes

<Click here to add a new entry>

2\ ALTAIR
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Examples of Permitted Connections

All Connections found

Note: While these contact are
permitted, it is not a good
Smaller part overlap practice to have excessive
overlap in areas where
stress detail is desired.

Gap between parts

A Y

J\ ALTAIR



Automatically Create Connections

Connections can be automatically
found by SimSolid using the
Automatic connections button on the
Connections toolbar.

Dialog Settings

* Gap and penetration tolerances is the
search distances that will be used.
Best practice is to set as small a value as
possible to still find the connection.

« Domain Resolution level (Normal,
Increased, High) sets the precision of the
connection search algorithm.

In most cases Normal will be fine.
Only needs to be changed for extreme
aspect parts - very thin, very long, etc.

15
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4k Automatic connections X

Gap and penstration tolerances

Gap

4 | fmm]
Penetration

1 | [rom]

Connaction resclution level

Normal v

D Connect not welded parts only
D Create local connections at bolts

? Cancel oK

Edit tolerances

Gap Tol. Pen Tol.

Will get connected

Will get connected

Waon't get connected

Won't get connected

/\ ALTAIR
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Automatically Create Connections
Resolution

Connections resolution is visualized by icon density.
* Make sure there is adequate coverage in thin or curved regions.

« Connections that are too weak may lead to mechanisms (rigid body motion).

NORMAL INCREASED
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Automatically Create Connections

Resolution

Stress evaluation around connections require higher resolution

Do Not always use higher resolution

as it really slows the solution without
Normal VS Higher Resolution any benefit

J\ ALTAIR
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Review Contact Conditions

Project Analysis  Settings Help

Works the same as connections. LI 1 "”‘@ff‘;' DV Er L N 3 R0

® Default materiak: Not specified

The differences are that contact conditions | &= i ‘ Separating
are color coded: e s Sliding Conctact Conctact
=

« Bonded = red [ v

« Sliding 2 vellow o e

« Separating =2 green
« Disabled - black

» Separating-closing = cyan/blue ” i
o Separating-closing

Also the contact conditions is specific to Fonctact
P Bonded Contact

analysis.

18 J\ ALTAIR
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i cmn ErE Rt I8 v s w A Cvgt?
Spot / Seam Welds e
T T
i
¥ Result " gy
-
i
o
E
Project tres X o
v 8 Project: 5A-Test-Rig-FilletWelds il b
M Units: 5 aﬁ — = 1
% Default material: Mot specified ' = V(
%+ Solution settings: Custom = oy e Dssign study 1| Stuctural 1 ol
v €7 Design study 1, BASELINE
? '{‘} Azzembly 707
» & Connections sﬂ’ -

Weld pitch

- .
- Lt

L e

19 Weld segment length
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Virtual Connectors

SIMSOLID

In SimSolid, virtual connectors can be applied in cases where the
corresponding connecting parts are missing in the model.

Virtual connectors are a rigid imaginary part created between selected
faces representing the geometrical support of the connector.

The type of contact interaction between a virtual connector and a real part
is defined by the type of virtual connector.

Read on to find out how virtual connectors are defined and used.

From the Connection Toolbar, click on icon to open the pull- down
menu and to visualize the kind of virtual connectors supported in
SimSolid:

*V v == Pin

»¥  General connector

Remote support
fing < Bushing

V == Rivet

- §* Remote mass

Joints

Note: Since virtual connectors create perfectly rigid boundaries, stresses along the boundary
faces can have local concentrations. J\ ALTAIR
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Virtual Joints

Universal Cylindrical Ball
2 DOF, 2 axes 2 DOF, 1 axis 3 DOF, no axes

Hinge Linear guide
21 1 DOF, 1 axis 1 DOF, 1 axis 5 DOF, 2 axes

Flexible shaft

g‘ Virtual connector

Bal joint 1

Joint type
@ eal O Hinge
O cyiinder O Linear guide
() universsl () Flexble shaft
Apply to

Spot

@ Face

Create new spot

W Face 11, Trim/Extend...
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Virtual Joints

SIMSOLID

Design study 1 | Modal 1

22 J\ ALTAIR
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Bolted Connectors and Bolt/Nut-Tightening

Project tree

& X

v @ Project: 6A-Step_Stool_Assembly...
1 Units: SI

A

% Default matenal: Not specified

%t Solution settings: Custom

v £7) Design study 1, EASELINE
v fg Assembly

S Front Foot 2, Steel

s Front Foot 1, Steel

! Back Foot 2, Steel

o Hexnutgrade A8&B ...
o Hex nutgrade A8 B ...
O Hexnutgrade ASB ...
o Hex nutgrade A8 B ...
f T Hex flange bolt small...

Inside hex head bolt

Outside hex head bolt

identified by their icons

Bolts, nuts and washers are

23

Wiasher ..,

=) [etc)

Select nuts

O} Mut tightening x
Mut(s) tightened 1
MNuts
O Nut
O Nut
O Nut
O Nut
Delete
Thread pitch
[ | tram]
MUt tightening
() Number of nut turns
E ML =G,
o Mut, St 'E - - O Torque
- Bolt tightening ]
== Hanger. . (o) Used to tighten bolt withaut -
s Washer . FICTION CoeTTicien
nut (blind balt)
s Vasher. .. (@ Target axial force
_§ Washer ... [3000] |
Lnits
<= Hanger... td] Torque [M*m] -
S Washer... Nut tightening Force IM] =
s Washer... Used to tighten nut on bolt
g washer... ar an ather bady (shaft, pin, || 5 p— o
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Solution Settings

- globally to the entire assembly or locally to individual groups of parts

Adapt for Stiffness - Use this objective for general load path prediction, modes and/or thermal analysis.
Adapt for Stress - Use this objective for general stress calculation.

Custom - Most general objective. All controls can be individually set. Set the max number of passes and

the setting options.
Objective
Adapt for stiffness
Adapt for stiffness  Adapt for stress Custom 2 B for e |
5 oK |
General load path These are default solution settings saved in registry. Ed
prediction, reaction General stress Fine grained S
forces, modes and prediction controls
thermal
Objective | Custom -
3 4 3-8 Max number of adaptive solutions
OFF ON User defined Seftings
[[] Adapt to festures
OFF ON User defined [[] Adapt to thin solids
N/A N/A User defined 7 conce oK
These are default sclution settings saved in
registry. Edit them i needed
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Validation Example — Auto Frame

Reference Solution

70 Part Assembly
HyperMesh + OptiStruct
1.1 million 2" Order Tetras

26

33.732 Hz

41.501 Hz

59.170 Hz

64.644 Hz

79.403 Hz

80.094 Hz

94.660 Hz

100.35 Hz

114.48 Hz

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

33.749 Hz

41.992 Hz

59.439 Hz

63.811 Hz

80.317 Hz

81.729 Hz

95.598 Hz

103.20 Hz

117.88 Hz
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Frame — linear static analysis

SimSolid Max Disp ~ 1.36 mm OptiStruct Max Disp ~ 1.41 mm

ﬁ!"ﬂr%mlu e

1.067E+00
9.333E-01
— 8.000E-01
— 6.667E-01
= 5.333E-01

4.000E-01
I 2.667E-01

. 1.200E+00
isplacement I

1.333E-01
0.000E+00

Max = 1.413E+00
Min = 0.000E+00

Design study 1 | Structural 5 YQ/ X

6 solution passes, Adapt to thin solids 1.1 million 2"d Order Tetras

27
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Frame — linear static analysis

SimSolid Major Principal Stress OptiStruct Major Principal Stress

1: Model
Subgase 3 (sa_surf): Static Analysis : Frame 25

Design study 1 | Structural 5

6 solution passes, Adapt to thin solids 1.1 million 2"d Order Tetras

28



Validation Example — Engine

Reference Solution

44 Part Assembly
HyperMesh + OptiStruct
700,000 2 Order Tetras
Bonded Connections

OptiStruct

hMode 1 -F = 3146697E+02
hode 2 -F = B 15B3883E+02
hode 3-F =5370159E+02
hode 4-F = 1.018273E+03
hode 5-F =1.043172E+03
hode B-F = 1.061735E+03
bode 7 -F = 1.160738E+03
hode 8-F =1.197509E+03
hode 9-F =1.268972E+03
baode 10-F = 1.341870E+03

SimSolid

§° Frequency (H2)

X

WE oW W -

3.2272e+2
5.1654e+2
5.3824e+2
1.0138e+3
1.0589e+3
1.0747e+3
1.1623e+3
1.2118e+3
1.2278e+3

? | [

All rights reserved.
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Validation example - Piston assembly

B Geometry Cleanup M Meshing ® Connections [ Load Cases M Solution M Post-Processing
Traditional FE
SimSolid
0 200 400 600 800 1000 1200 1400 1600

-g‘g?;:;n??acaraer
Piston-Connecting Rod Assembly 1 913076E-02 - .
. ® Frequency (Hz)
- 8Parts 1.973376E-02 e
- 2 Bolts and Nuts 2.395112E-02 2 0.0000e+0
2.881051E-02 3 0004
Modal Analysis j?;?;g?ﬁgg  Soomas
- 10 Modes 4 867142E 402 it
S 8.5070e+2
8531503E+02 10 1.6355e+3
1.642003E+03
(7] (=]

30
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Validation example - Piston assembly

B Geometry Cleanup B Meshing  ® Connections Load Cases HSolution M Post-Processing

Traditional FE

SimSolid

0 200 400 600 800 1000 1200 1400 1600

Contour Plot

Piston-Connecting Rod Assembly
- 8 Parts
- 2 Bolts and Nuts

790E-+00

S66E+I0
[ 1.342E+00
1. 119E+010

Linear Static Analysis

8.948E-01
- Pressureload on the cap [ 6.711E-01
— 4.474E-01
— 2.237E-01
— 0.000E+00
B Noresult
Max = 2.013E+00
Grids 137334

Min = 0.000E+00

31 Grids 74683

Displacement
Mnrg]mtude
[m

Max 2.0300e+0

1.0151e+0
8.4597e-1
6.7682e-1
5.0767e-1
3.3852e-1
1.6937e-1

in 2.2589%e-4



© Altgr jneering, Inc. Proprietary and Confidential. All rights reserved.
e

Grapple 4

« Material (Steel equivalent)
» E=210000 MPa
» Nu=0.3
» Rho=7.85E-9 ton/mm?3

Linear Statics

« Load
> Fx=+/-1000N

« Constraint
> Fixed Upper hole

85 parts
- Contact 159.2 kg 1000N

> Bonded all

Altair Inspire”

Rendering by studio

32 Grapple - V1.step
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Linear static analysis

Displacement
Magnitude
[mm]

SimSolid

18.824 MPa

Contour Plot
Displacement(Mag)
Analysis system

Contour Plot
Grid Point Stresses (GlobaljjvonMises)

Analysis system
. 2.856E-01 3.844E+01
O tl Stru Ct l 2.539E-01 l 1.000E+01
2.221E01 8.750E+00
— 1.904E-01 — 7.500E+00
[ 1.587E-01 6.250E+00
1.269E-01 I 5.000E+00
9.520E-02 3.750E+00
6.347E-02 2.500E+00
3.173E-02 1.250E+00

Norewtt 0.2856 mm

Max = 3.844E+01
Grids 3613747
Min = 9.009€-05
Grids 3865813

18.842 MPa

Grids 3862442

33
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Eigenvalue Analysis

SimSolid
114.7 Hz

OptiStruct

116.6 Hz

34
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Verification Manu

VNTRODU(.‘NON 7
Cocumen, Purbose 7
Teat Cecumentatio, Forma 7
SECTION 4 STAT, 3
Test vsoy, Straighe s
Test vso,, Twisteq 10
Test vsog, Curveq g, 1z
Test vsog, Simply syp, 1a
Test vsos, Clampag 1y, 16
Test vsog, Tapereq Soli 18
Test vsoy, Cantileye, 20
Test vsog, Plate wiep, , Hole 22
Test vsog, Scordels., Roof 2a
Test vsgo, Curved rie) Elliptical pragy 26
Test vy, Raascy, Challeng,

5t V1o, Notcheg Platq

Test vsys, Simpyy, *UPportey beam wiey, Mid-3pan joaqy

Test vsyg,
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NAFEMS about SimSolid

A#XQVQVQVQV o . . SimSolid
;V;VA#A#A# NAFEMS Benchmark | Description Quantity Target Solution B ults Discrepancy
AVAVAVAVAV 1 Pressure component Von Mises stress 534MPa 532MPa <1%
2 Coil spring Spring rate 20.8N/mm 20.76M/mm | <1%
3 Skew plate Maximum principal stress | 0.82MPa 0.82MPa <1%
4 Plate with hole Maximum principal stress | 314MPa 325.7MPa 3.7%
Minimum principal stress -114MPa -117.9MPa 4.2%
5 U-shaped notch Maximum principal stress | 48.2MPa 47 .6MPa 1.2%
‘THE INTERNATIONAL MAGAZINE FOR ENGINEERING DESIGNERS & ANALYSTS FROM NAFEMS Mode 1 0.42HZ 0.42HZ <l|}-’ﬂ
Mode 2 1.02Hz 1.02Hz <1%
6 Cantilevered plate Mode 3 2.58Hz 2.56Hz <1%
Mode 4 3.29Hz 3.27Hz <1%
Mode 5 3.75Hz 3.72Hz =1%
5 Cantilever under pure Sxx 221MPa 221.7MPa <1%
bending Uz 0.0247m 0.0247m <1%
8 Cantilever realistic Suw 356.5MPa 366.5MPa | 2.8%
support

A summary of results for all benchmarks(NAFEMS)

Check for Other Media Testimonials:

The Electromagnetics Issue
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https://www.digitalengineering247.com/article/altair-simsolid-walkthrough/simulate
https://www.nafems.org/publications/resource_center/bm_jan_20_1/
https://www.develop3d.com/reviews/review-altair-simsolid-simulation-CAD-design-engineering
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JOIN THE SIMULATION REVOLUTION

Enables Simulation
Driven Design

Fast, Easy to Use & Expand What is

Possible to Solve

SIMSOLID =" *:2 e

Accurate

e EX=d JRER " AEAN A Y ?
= s SIMSOLIE  :ooooee
x D ~ =Aareay N

SIMSOLID

TS o -
- .. = ~
= = : %
== == ¥
B B= i
- =7

O sty Do sy 1 Al Bt |

Dwsign sty Dwwgm sy 1 | Arsywin: Gt | | Ak
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Quick Overview Series

* Module 1: Introduction

* Module 2: User Interface + Modal Analysis
* Module 3: Linear Analysis

* Module 4: Non-Linear Analysis

* Module 5: Dynamic Analysis

* Module 6: Thermal and SimSolid news

* Module 7: Inspire/SimSolid Solver

- cContact: frainings@altair.de

« or give feedback after meeting finished
38

February
February
February
February
March
March
March

(all Fridays)
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5th 2021
12th 2021
19th 2021
26th 2021

5th 2021
12th 2021
19th 2021
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THANK YOU

altair.com
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