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Speaker Biography

Based in Lake Oswego, Oregon, Andrew Sears is a quality assurance engineer working on Autodesk
Nastran In-CAD software. He was designing heavy equipment for the mining and aggregate industries
for 6 years before coming to Autodesk, Inc., in 2011. He has spent most of his time designing assemblies
with over 10,000 parts, so he brings some practical knowledge of designing large assemblies and
creating simulations. Andrew is well connected to the engineering community in the Portland Metro area
and has been president of the local Inventor User Group for over 6 years.

Learning Objectives
e Learn about FE model setup and analysis

e Learn about results and post-processing
e Learn about FE model setup with advanced analysis types

e Learn about advanced results and post-processing

Description

This lab will focus on getting started with Autodesk Nastran In-CAD software inside of Inventor 2016
software. Participants should have an understanding of finite element analysis (FEA) and the preferred
participants are currently using FEA in their jobs. We will explore the Ribbon, Browser, and different
analysis types. We will have a few workflows for basic users that are looking to crest the initial hurdle
when learning new software, as well as a few examples for the more advanced users who are familiar
with FEA software.

Your AU Experts

Mitch Muncy is a simulation enthusiast with over 15 years in the computer-aided engineering industry.
Before joining Autodesk, Inc., as a product manager, he was executive vice president of NEi Software (NEi
Nastran), where he managed day-to-day operations of the Sales, Marketing, and Technical Teams. Mitch
holds a degree in mechanical engineering from the University of California, Irvine.

Wasim Younis is a Simulation Solutions manager at Symetri, with more than 20 years of experience in
the manufacturing field, including working at Rolls Royce, British Aerospace, and Nuclear Electric. He has
been teaching at AU for more than 5 years. Wasim has been involved with Simulation software from
Autodesk since the company first introduced it, and he is well known throughout the worldwide Autodesk
Simulation community. He authored the Up and Running with Autodesk Inventor Simulation books,

which are available via Amazon. He also runs a dedicated forum for simulation users on LinkedIn: Up and
Running with Autodesk Inventor Simulation

Andrew Sartorelli is a 2012 graduate of the University of New Hampshire, with a bachelor’s of science in

mechanical engineering. He went on to work for a number of small companies using computational fluid
dynamics software to optimize power consumption in the data center and mission critical facility field.
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Andrew has been with Autodesk, Inc., since the Fall of 2013 as a technical support specialist for
Simulation Mechanical software, most recently acting as knowledge domain expert for Autodesk Nastran
software and Autodesk Nastran In-CAD software.
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Learn About FE Model Setup and Analysis

Small Block
Let's take a small block example to become familiar with the In-CAD user interface.

User Interface

Step:

We will use this small, simple block as the starting point to help you focus on the user interface
for In-CAD. If you are not familiar with Inventor, open the Small Block folder and double click
the [Small Block.ipj] file to launch Inventor.

Step:

Open [Small Block.ipt]

Step:

Switch to the In-CAD environment. Select the Environments tab and select the Autodesk
Nastran In-CAD icon. Once you enter the In-CAD environment, you will notice the CAD model
material is imported and used to define the Finite Element (FE) Physical Properties and is added
to the FE model.

3D Model View

flag B & Q

Stress  Inventor  Create BIM  Eco Materials Advisef Autodesk Mastran| Recognize | Convertto | 3D Print | Add-Ins
Analysis Studic  Mold Design Exchange In-CAD Revit Features | Sheet Metal

Sketch

Inspect  Tools  Manage

Begin Convert | 3D Print | Manage |8

Now let’s discuss the In-CAD Browser. The In-CAD Browser can be thought of as 4 high level
parts. The items in the Browser will be referred to as nodes.

- 1listhe Analysis node.

- 2isthe Finite Element (FE) Model node.
- 3isthe analysis Subcase node.

- 4isthe Model node.
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_--@ Part

1 - _ Analysis1 [Linear Static]
----- Units : CAD Model
@ Part1
20— i FE Model
-] Mesh Model g,
. o Total Nodes 0
[ Total Elements 0
-{i Physical Properties

+@ Physical Property 1 [l
3 _% Subcases
-y Subcasel

----- & Loads

q—— = ,_.--E Model

- o
E} Iron, Cast
‘ii Physical Properties
+@ Physical Property 1 [l
+§ Composite Layups
L e

The Analysis node can be used to define the Analysis Type and high level modifications to the
active analysis. The FE Model node handles mesh and Physical Properties. Subcases are used to
break the analysis into steps. A good example for adding additional Subcases would be a
multiple stage loading scenario like a car suspension. The car suspension is initially loaded with
the weight of the vehicle and a second subcase could be used to simulate multiple external
loads to the suspension, like a speed bump. The Model node will hold all of the information for
every analysis. Items under the Model node can be edited with the changes showing in all
Analyses.

With the part open now, let’s start with a basic linear static analysis. Linear static is the default
analysis type for every new analysis created.

Step:

Start by generating the mesh. In the Ribbon, select Generate Mesh in the Mesh Panel. This will
use the default settings to generate the mesh and create the Nastran file.
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Autodesk Inventor
Autodesk Nastran

e EI & Show/Hide ] Mesh Control | &
Table

e Generate Mesh
| Mesh

Mesh Settings

Step:

In the Ribbon, select Constraints.

,D'BEC-_\JIFD ﬂ@'@'@glron,(:ast -

3D Model  Sketch  Inspect Tools Manage View  Enviro

U B & &£ X
Default | New Edit  Importfrom | Matenal Physical | Constraints Loads
Settings Stress Analysis

System | Analysis | Properties | etup

Step:

Pick one of the end faces on the part to define this as having a fixed constraint and select OK.
You will notice the Selected Entities area is showing the face you selected.

NOTE: Multiple faces, edges and vertices can be selected and will show in the Selected Entities
dialog. The default option for constraints is fixed.

5 ¢ AUTODESK UNIVERSITY 2015 5
o



BAM! - Let’s Throw a Little In-CAD into your Simulation
Soup

A5 Constraint | ? ® |

Degrees of Freedom
Name:  Constraint 1
Coordinate System:

Type: | Structural - #T1, @71, T,

elected Entities: FR, FR, FR,

Fixed Finned

Free Mo Rotation

Display Options Symmetry:

Seei ) [x] (]

Pl i AntiSymmetry:

o | g e

# Oeo [ ok ][ coned |
Step:

In the Ribbon, select Loads.

¥ IO-EHOE M- oG

3D Model  Sketch  Inspect  Tools Manage View  Enwviro

EF BEE W B 2 &£ X

Default | Mew Edit  Importfrom | Material Physical | Constraints Loads

Settings Stress Analysis

Analysis Properties ‘ Setup

System

Step:
Add a 1 Ibf load to the top face in the Y-Direction.

NOTE: The default option for Load is Force. Pick one of the faces on the part to define this as
having a load and type in a value for Fx, Fy, or Fz and select OK. You will notice the Selected

Entities area is showing the face you selected.
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(% Load [ER=)
Load Definition
Name: ' Load 1 Direction:
Type: Coordinate System:
sty

[ Total Force
Magnitude (bf}:

Selected Entities:

face<i>

Fe 0
Fy 1
: ? B 0

Display Options
Size: 1
Density: [}

Advanced Options >>

&g [ ok [ coc

Now you should have the model ready to solve.
Step:
In the Ribbon, click Run.

Autodesk Inventor Professional 2016 smam

Autodesk Mastran
: EI Hg: Show/Hide ¥ Mesh Control % ulr@ Eﬂ
. Table
Mesh Settings Run | Load Results
Mz Generate Mesh

Mesh Solve

When the analysis is finished, select OK to start reviewing your results.
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Sketch  Inspect

OB w &

Default | New Edit  Importfrom | Material P

Settings Stress Analysis

System Analysis Proper

x

2

B--@ Part -

- ElE] (R [Linear Static] T

Units: CAD Model
{) Part1
5 . FE Model

Mesh Model
Total Modes 23044
i L.l Total Elements 15252
El ;’ Physical Properties

(8 Physical Property 1 Il
—--% Subcases
E| % Subcasel

5] 4; Constraints
i Constraint 1
\é| @ Results

. von Mises
b} . Displacement
. Safety Factor
. Deformed

To review any of the results, double click on one of the default result types you are interested in
Your results might be slightly different from the images shown.
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- FEModel 8400
=& Mesh Model
| iwo Total Nodes 22052
| bodb Total Elements 15170
=38 Physical Properties
@-£FJ) Physical Property 1 [
-[fy Subcases
-y Subcasel
¥ Loads

5.494400

8.047400

. FE00400

7.163400

L Loadl B.706400
-4 Constraints
i i Constraint1
E@ Results
o i
.8 Displacement
-y safety Factor
. Deformed
B %v Plot
FE Model
[P Parameters
A Coordinate Systems

£.259400

5812400

- 5365400

4.916400

4471400

4.024400

3577400

3130400

Results values are shown in the legend on the left side. At the bottom left you will see high level
information about the results you are viewing.

Now you have finished the basic introduction to In-CAD! You can leave Inventor open if you
want to review this model later. If you are comfortable, save and close the model then close
Inventor. The next walkthrough will cover a slightly more complicated analysis of an assembly
with contacts along with more post processing options.

Learn About FE Model Setup, Analysis and Post Processing of an Assembly

Leaf Spring

Let's use a Leaf Spring example to become familiar with assembly analysis. If you are not familiar with
the user interface of In-CAD, please go back to the small block example or ask one of the experts in the
room.

Step:

We will use a leaf spring for this walk though. The focus for this section is to help you become
familiar with defining contacts. Open the Leaf Spring folder and double click the [Leaf
Spring.ipj] file to launch Inventor.

Step:
Open [Leaf Spring-New.iam]
Step:

Switch to the In-CAD environment. Select the Environments tab and select the Autodesk
Nastran In-CAD icon.
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Editing the Active Analysis

Step:

Let’s review and change some of the default analysis settings. In the Ribbon, select Edit to open

the active analysis settings.

Default
Settings

Systemn

=

i\ssemble

-

Simplify

B & Wi

Edit

Design

Mew Import from | M

Stress Analysis

/\j\alysis

In this dialog, you will see:

- Type — Defines the analysis you want to run.
- Output Controls — Defines the data you want available for post-processing.
- Options — Defines the contact type and tolerance.
- Model State — Allows you to take advantage of Inventor Representations Level of Detail

(LOD) and Design Views.

il N ' B e B
Analysis M Analysis lilg Analysis m
MName:  Analysis 1 Title: Name:  Analysis 1 Title: Name:  Analysis L Title:
Type: I'-ineaf Static 'I Uniits: [ Select Units ] Type: ILmear Static v] Uniits: [ Select Units ] Type: [linear Static vl Units: I Select Units ]
Output Controls | Options | Model State | | Output Controls | Options | Model State | [ cutput Controls | Options | Modsl State
Contact Data
Nodal Elemental EhiEE A Representations
9 Displocement Dota Type Contoct Type: Deign View
[T Applied Load Tolerance: 01 [Default ']
SpC Output Sets Level of Detail
[ mpc [ Force [Master -
[] Grid Point Force Stress
Balance
[0 Strain Energy
Output Options
Step:

Select the Options tab and change the Contact Type to Sliding/No Separation with a Tolerance
of Imm. Hit OK to apply these changes.
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Meshing

Step:

Let’s take a look at the mesh. In the Ribbon, select Mesh Settings.

Get Started  Add-Ins  Vault  Autodesk A360

ace EI '3\:2‘-% Show/Hide E Mesh Control | #
EE Table
Mesh Settings =
gg Generate Mesh

(%]

| Mesh

This will open the Mesh Settings dialog and you can verify these settings or change so they
match the data below.

- Set Element Size to 5mm

- Verify Element Order is set to Parabolic
Uncheck Continuous Mesh if checked

Hit OK to generate the mesh with these settings

EI Mesh Settings ? =

Mesh Settings

Element Size (mm): 5

Tolerance {mm): 0.000308734

Element Order:

[] Continuous Meshing

(for solids only merges nodes on perimeter)

[ Generate Mesh ]

NOTE: Continuous meshing will merge all external nodes between solid elements that are within
the Tolerance specified in the Mesh Settings. In this example, we will need these mesh nodes to
be free since we will be defining a sliding contact below.
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Contacts

Step:
In the Ribbon, select Automatic in the Contacts Panel. This will generate all of the
Separation/No Sliding contacts between Geometry that is within the contact tolerance.

ﬂ- | e ik

Assernble  Simplify  Design 3D Model  Sketch

i— . _. + i % + lfjg, Automatic ‘
EE B W * & 2= o

anua
Default | Mew Edit  Import from | Material Physical | Constraints Loads == Find
Settings Stress Analysis Bo

Inspect  Tools

Properties ‘ Setup ‘ Contacts ‘

5 |

Analysis

System

You should see the Surface contacts are now populated in the Browser.

!3’ AUTODESK UNIVERSITY 2015 12



BAM! - Let’s Throw a Little In-CAD into your Simulation
Soup

---% Assembly
- Analysis 1 [Linear Static]
- Units: CAD Model
+% Leaf Spring.iarm
iy FE Model
2. Mesh Model
-? Surface Contacts N
----- & Contact (1) - leaf2:l <->» leaf3:l
----- = Contact (2) - leaf2:1 <-> leaf3:l
----- & Contact (3) - 06 <-> Upper
----- = Contact (4) - 06 <-> Hook
----- = Contact (5) - 06 <-> shaftl
----- &= Contact (8] - leaf3:1 <-> Upper:2
----- & Contact (7] - leafd:l <->» leafs:l
----- = Contact (8) - leaf3:1 <-> leafd:l
----- & Contact (9) - 06 <-> leaf2:1
----- & Contact (10) - 06 =<-> leaf2:1
----- = Contact (11) - Hook <-> Hook_Part:1
----- = Contact (12) - Hook <-> Hook_Part:1
----- & Contact (13) - leafd:l <-» leaf3:1
----- & Contact (14) - leaf3:1 <-> leafd:l

\_ﬁ . - v,
B I'II_}' |Lﬂ|r|UP:|L|:

-~

Now let’s add a Manual Bonded contact to hold the center hole of the suspension. This will act
like a bolt holding the springs and sandwich plates together and keep things from flying apart
during the analysis.

Step:

To make this easier to view, keeping the In-CAD environment active, select the View tab in the
Ribbon and choose Half Section View from the appearance Panel. Pick one of the outside faces
and move the slider until you can clearly see the center holes of the springs and sandwich
plates.

Step:

Click the green checkmark if you like the way the section view looks.
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Manage Environments  GetStarted  Add-Ins  Vault  Autodesk A360  Electromechanical

‘hographic - O Textures On -~

'__h O B Cascade
sundiBlane i EEH HaIfSection‘u‘iewj E El O = = [ New

User Clean Switch ~ Tile All

-

Interface Screen

Appearance = Windows ‘

Step:
Switch back to the In-CAD tab and select the Manual icon in the Contacts Panel.
Step:

Change the Contact Type to Bonded. Change the Contact definition to Manual. Uncheck the
Max Activation Distance box. Click inside the Master Entity field and choose one of the
sandwich plate holes. This will be the starting point for the contact definition. See the image
below for reference.
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Contact Data
Name: Surface Contact 15 Contact Type:
= 15 Penetration Type:
, ,
© i Unsymmeteco |
Stiffness Factor:
Type:
1
Surface to Surface -
Coefficient of Friction:
eMaster Entity:
face«8»@Upper -
Penetration Surface Offset (mm):
1]
Max Activation Distance {mm)
E == |
Slave Entity:
Advanced Options
Add To FE Model
\,

Step:

Now click in the Slave Entity box and pick the remaining center holes. You should be selecting
all of the leaf spring holes and the other sandwich plate hole.

Contact Data

Name: Surface Contact 15 Contact Type:

15 Penetration Type:

. .

Stiffness Factor:
Type: 1
Surface to Surface +
Coeffident of Friction:
Master Entity: 0
face<8>@Upper
Penetration Surface Offset {mm):
0
[T Max Activation Distance (mp
ﬁs\ave Entity:
e 1ot §
face< 1> @leaft: 1 Advanced Options
face<4>@leaf5:1 |E|
face<8>@Upper:2 =—
.
Add To FE Model

Step:

Once you are confident the remaining holes are selected, click OK and save the model.
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Step:
Select the View tab and change this back to the full view by selecting End Section View.
Step:

Switch back to the In-CAD environment.

Constraints

Now let’s add constraints. In this section you will add fixed constraints to the end pin and
support to simulate the assembly in an installed configuration.

Step:

In the Ribbon, under the Setup Panel, select constraints.

Dl e G-

Assemble  Simplify  Design

EII@ B 8 & &7

Default | New Edit  Import from | Material Physical | Constraints Loads

Settings Stress Analysis
System | Analysis [ Properties
|—

NOTE: The default setting is fixed, Structural constraint. This can be applied to multiple faces,
edges and vertices.
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f Y
A5 Constraint M

Degrees of Freedom

Name:  Constraint 1
Coordinate System:

D 1 Leaf Spring.iam ¥
Type: |Structural - T, FTy, T,
Selected Entities: Ry Ry Rz

Fixed Pinned

Free Mo Rotation

Subcases:

_ . Symmetry:

Display Options

S [x] (=]
Density: I AntiSymmetry:

oo | <] =]

[ OK ][ Cancel ]

———

We added a selection filter that can be accessed by RMB in the Selected Entities box. RMB in
the Selected Entities box and choose Select Faces.

i Y
A& Constraint M

Degrees of Freedom

Name:  Constraint 1
Coordinate System:

Type:  |Structural - @T, FT1, FET,

Selected Entities: ¥R, MRy R,
Ve A
Delete Pinned

Subcases: Clear All
Select Faces Mo Rotation

Select Edges
Deplayeas Select Vertices :l \Z\
Size: 17
Density: [J AntiSymmetry:

o N [ O 2

Dﬂl‘d’ [ OK ][ Cancel ]
R

Now select the 3 faces shown below. These will be the two ends of the pin and the flat face of
the Hook_Part. Hit OK to apply the fixed constraint.
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Constraint 1 is now added in the active Subcase under Constraints in the Browser.

EH‘F“ Physical Properties
&-{F) Physical Property 1 [l
B% Subcases
B% Subcasel
ggg Loads
145 Constraints

.. & Constraint 1 ":‘:::

@ Results

Loads

Now let’s add a Load. In this section you will add a load to simulate an upward force. This will
simulate the initial loading as if an axel was mounted and the trailer placed on the ground.

Step:

In the Ribbon, under the Setup Panel, select Loads. See the image below and select the bottom
face of the plate shown.
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-
2% Load
o Load Definition
lame:
Load 1 Direction:
Type: Coordinate System:
Sub Type: Leaf Spring.iam +
[ Total Force
Selected Entities: Magnitude (M):
face <1>@Upper:2 F
x
Fy 2000
Subcases: F.
Display Options
Size: r I
Density: [}
Advanced Options > >
Dew [ ]

Step:

Leave the Type as Force and the Coordinate System as the assembly. Input 2000N into the Fy
field to apply the load in the Global Y direction.

NOTE: This will act as the trailer weight on one side of the suspension.

Step:

Change the color of the force and increase the Density and Size so the force is easier to see.
NOTE: You will not see changes to the visual part of the load until you select OK.

Step:

Hit OK to apply the load and the changes to the Load display.
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Bolted Connections

In this section you will simulate a bolted connection. The bolted connection will have a preload
and will be used to idealize the connection between the suspension and the axel.

Step:

Expand the Model node in the Browser and look for Connectors.

I/ O-EHO D G

Assemble  Simplify  Design

= B W

Default | Mew Edit  Importfrom | M

Settings Stress Analysis
Systermn Analysis
=

=
¢ [ Analysis1 [Linear Static]
:E> 28 Model

[]--Er Materials

[]..;“ Physical Properties
#-E) Composite Layups
-5 Constraints

% Loads

..... ¥ Concentrated Masses
..... Connectors

- Dampings

-] Tables

- Surface Contacts

@ Plot Templates

----- m Groups

..... P Parameters

gy Coordinate Systems
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Step:
RMB on Connectors and select New.

Step:

When the Connector dialog opens, make these changes.

- Set Connector Type as Bolt.
- Preload as Axial with 400N.

f Connector
MName:  Connector 1
=
Add To FE Mode

Connector Element

Bearing surface fedge for
bolt head:

edge< 18 = @Upy

Now you can select the start and stop edges for the bolt. For this example, the bolt head will be
at the top of the plate and the nut at the bottom. To add the top hole edge, click in the

Bolt
dit @ Bolt
4 @ cap saew

Bolt Diameter (mm):
20

Head Washer Height {mm):

PreLoad

@ Axial

() Torque
PreLoad (M):

400

\_ Torgue Coefficient:

Connector dialog under bolt head and select the top hole edge shown below.

& Connector

Bolt

PreLoad

Name:  comnector 1

Tipe
Add To FE Mode!

Connector Element

Bearing surface/edge for
bolt head:

4IF @ Bolt

[ © capsaew
Bolt Diameter (mm):
20

Mut Washer Height (mi

rials:

Steel, Alloy -

[ user Defined
E

v

o

Head Washer Height (mm):

@ Axial
() Torque
PreLoad (N):

400

Display Options

Size:

Density:

Colar: -
\

To add the bottom hole edge, click in the window under nut and select the bottom hole edge.
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o Connector P &=

Balt PreLoad

Name:  Connector 1
ik @ Bolt @) Axial

e o _
W ) Cap Saew () Torque

[¥] Add To FE Mode! _
Bolt Diameter (mm): PreLoad (N):

Connector Element 20 0

B p RS Head Washer Height (mm):

bolt head:

Tarque Coefficient;

Nut Washer Height (mmj):

Materials:

Steel, Alloy -
[] user Defined
E
v
&

Display Options
Size: -

Diensity:

This should give you a preview with the bolt head at the top and the nut at the bottom.

f Connector

Bolt PreLoad
Mame:  Comnector 1

Ak @ Boit @ Axial
e o _

W () Cap Screw (1 Torque
Add To FE Model T

Bolt Diameter (mm): PreLoad (M):
Connector Element 20 0
e e Head Washer Height (mm):

bolt head:

edge< 18> @Upy
Mut Washer Height (mm):

Bearing surfacefedge for
nut:

Torgue Coefficient:

Materials:
Steel, Alloy -
[ user Defined
=
v
o
Display Options
Size;
Density:

Step:

You will need to create 3 more bolt connectors. Instead of hitting OK to apply this bolt
connector, you can select the New icon at the bottom to create the first bolt and keep the dialog
open to define the remaining 3 bolts.

NOTE: The dialog will reset so be sure to select Bolt type again. Use the same parameters from
the above steps when defining the remaining three bolts.
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Display Options

Color:

-~

oK ‘ I Cancel

} E

—

That is it! The model is ready to solve but | don’t want you to solve it because it takes about 10
minutes. To save time | have included the solved model.

Step:
Save the current model and close Inventor before reviewing the solved results.
Step:

Open the folder called [Leaf Spring-Solved] and browse for [Leaf Spring.ipj] to launch Inventor.
Once Inventor launches open [Leaf Spring-Solved.iam] and switch to the In-CAD environment.

Step:

You will need to load the results. To load the results, RMB on the Results node in the Browser
and choose Load.
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O-EHS & @B

Assemnble  Simplify  Design

E B uw B o

Default | Mew Edit  Importfrom | Material Phy

Settings Stress Analysis
System | Analysis | Propertie
x
(2]
9--% Assembly

B Analysis1 [Linear Static]
i Units: CAD Model
% Leaf Spring.iam
w-fly FE Model
&Iy Subcases
9% Subcasel
¥ Loads
LA Loadl
EK Constraints
" & Constraint1
=R JResults
@ von Mises
@ Displacement
T Safety Factor
..{@p Deformed

#-Fg Model
----- P Parameters
[l Coordinate Systemns

Step:

You can view any of the results by double clicking on one of the result types. You can also edit
any of the default result plots that are shown. RMB on one of the result types and select Edit to
open the Plot Template.

=} LONSTIAINGS
. . & Constraint1
=-{Fp Results

{8 Displa Edit == ":']

E Safety) Copy

ﬁ Defor
g XY Plot Delete
|

= Rename

fneters ]

dinate Systems Display
Animate
Create AVI

v Element Edges
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NOTE: Think of the Plot editor as two sections. The left side controls how you want to review
the results and the right side controls what you want to see. The right side will have a column of
tabs that will expand to show more information. To make the tab active, you only need to select
it but to edit the information within the tab you will need to ensure the box is checked. In the
image below, Contour Options and Deform Options are the only two areas that you can modify
because they have the box checked. You can still view information in the tabbed areas, you are
just not able to edit them until the box is checked.

s ~
(% Plot B ||
N\ | D
Name: | von Mses Contour Result Data:
Opfions
SOLID VOM MISES STRES -
Plot Deform
i) & [ Section View [ Specify MinMax
Display  Animate Create AVI -
Part Vie Data Min: 0
a
Display Options Data Max: 300.302
Rendering : Vector
Cpnons Data Conversion:
Levels: 24 Options fyeraqe hd
Data Type:
Min/Max Markers Visibility _
- Options Corner A
Global Values .
; @) Real Imaginary
(@) Visible View Values
Contour Type:
o
Mo Averaging
Property Layer
Material Color
Angle: 20.0
. »

Play around with the Plot settings and ask questions to someone in the room if needed. To help
you get used to this, | created some steps below for you to edit the von Mises Plot.

Step:

Select the Deform Options tab and change the Deformation Scale to Actual. Leave the
Deformation Scale Value as 1 or play around with this to get a better feel of what it is doing.

NOTE: For the Deformation Scale, you will have two options to control visualization. These will
be Percent and Actual. The Percent value is calculated using the overall model geometry as the
base for measuring while Actual value is a multiplier of the actual Vector selected.
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? Py
Contour .
Options Vector: DISPLACEMENT +
Deform .
options | TP TOTAL -
Il Section VIEW peformation Scale:
o
() Percent @ Actual <
& Part View =]
Value: 1.0
Vector
Al Aan-

NOTE: After making changes to the Plot template, you will need to select the Display icon to
show these changes. For performance reasons, we disabled dynamic loading of changes to the
Plot.

Step:

After changing the Deform Options, select the Part View box to make it editable and it will
become active. Part View will allow you to select only the components in the model that you
want to see results on.

Step:

Select the part named Hook and click on display. You will see this part is now isolated for better
viewing.

% Plot v =
Name: von Mises Conto
Opfone SelectParts
Piot Deform
LI —
3 p——
sl

Display ~ Animate  Create AVI

[ I’ar!l'iew
Display Options

Vector
B ootions

Rendering :

. Animation
Levels: 24 2

Options

[] Min Max Markers

() Global values

Visiility
Options

@ Visble View Values

[ 1s0-5urfaces
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T —

3 g 3 @

-_—
8 B
33

Step:

Now Select the Visibility Options tab. This area will remove what you see in canvas or add it
back if you decide to view it later.

NOTE: | highlighted the on/off selectable items on the right side in the image below. These are
dynamically controlled because they already exist on the model so no performance hit is seen
when changing.

P K
Contour A
Options Element Edges: @
Deform Loads: )
Options
Certing Vien SONStraints: @
[ Section View
Connectors: @
Part View
@ Concentrated Masses: @
|:| ﬁ ﬂ Coordinate Systems: @
Animation Free Edges: @
Options \ LA
Visihility
Cpiions
[ showal |[ Hdeal |

Step:

To edit these, click the button and the blue “light” will turn off indicating that you do not wish to
see these visibility options on the model. First make sure you have selected Display on the left
side then select the button next to Element Edges to turn them off. This will make viewing the
results a little easier by removing the mesh from the display.
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287.26
274 (7 Plot 9| %
261
Name:  von Mises g Contour @
il il O<
Plot g Deform Loads: (6]
B 234 _ ' options
eection View Constraints: ()
B 221 > ’ /| —
Display ~Animate Create AVI Connectors: (®
| P @ Partview —
Display Options Concentrated Masses: @
~— 1981 Rendering: | Coordinate Systems: C®
Continuous x| Lty R
183 . )
i Animation  Free Edges: ®)
Levels: 24 iz Options
—1eq| _
[¥] Min/Max Markers Visbilty
bons —
156 Global Values b Show Al ] Hide All
9 Visble View Values
£ 143
Iso-Surfaces
B 13
B 117
£ 104
| EF
B sy — .
[a] oK Cancel
B 6
B 5222
39170
26113

Once you like the visualization, click on the Animate Options tab. This will allow you to change
the way the results are animated. Change the Animation Options settings to match the image
below and select the Animate icon on the left.

Contol
O|DJTJ'0|'|L‘ISF Mumber of Frames:

Deform 20 <

Options

=l

=l

Delay (msec):

Section View ] <::.
Mode: ..::::

Spline Interpolation

f
s
i

=
o
o
=1
=
m
=

Step:

Click the Animate icon on the left again to stop the animation and hit OK to apply the changes to
the Plot template.
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NOTE: You can hit OK to apply the changes and the animation will continue to run. To turn this
off, RMB on the highlighted von Mises node under Results in the Browser and uncheck Animate
to take you back to the FE model view.

Let’s look at some additional ways to view the results. It is sometimes easier to look at the
results of a component by graphing the results along some feature of the component. We will
take a look at the stress along the edge of part Upper.ipt.

Step:

In the Browser, you will see a node called XY Plot in the active analysis. RMB on the XY Plot and
select New.

[ el e A

Assernble  Simplify  Design

4 &
Default | Mew Edit  Importfrom | Materi:
Settings Stress Analysis

Systermn | Analysis | Pro

54

= o [

E Analysis 1 [Linear Static]
“ Units: CAD Model
% Leaf Spring.iam
- FE Model
|E Subcases
[ Xv Plot

-2 Model

[P Parameters

[ Coordinate Systems
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Step:

Refer to the image below for the changes to make in the XY Plot dialog. You can name this XY
Plot for easier reference. | called mine Stress along Upper Comp.

Items to change:

- Under General, change to Element.

VON MISES STRESS.

<] XY Plot

Under Entity to Plot, change to Along Selected Entity and select the edge shown below.
Under Y-Axis Output Sets, use the dropdown, scroll towards the bottom and select SOLID

G al X-Axiz: Qutput Sets
Name  Stress along Upper Comp. @) Single Set Multi Set
[ ——
() Node @ Element Subcase:
Entity To Plot |Subease 1 x)
@) Along Selected Entity Y-Axis: Qutput Sets
edge<21>@Upy Result Data
- [soLD von MIsEs STRESS  +
(") Select Elements
Elemental Distance Component | TOTAL
Position: X Diata Tyvpe
Coordinate System: @ Real Imaginary
Leaf Sprin w Curve List
@D 1 \-&
Group

I

Show XY Plat

I J

Close

Step:

If your settings look like the image above, click Show XY Plot at the bottom of the dialog.
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Eore . e
Curve Options Stress along Upper Comp.
[T 5pine [ Fill Avea 7

[[Logy [ Log¥

Curve Display

Calar: Choose Calar
O C— :

Wertical Bar Width: 1

Solid von mises stress

0%

0
60 70 80 90 100 110 120 130 140
Distance from element 61764

Copy Data to Clipboard

[ Show Grid

[ Detault Settings l [ SetAs Default Settings

NOTE: You can place your mouse cursor over the graph to review the values. Play around with
some of the XY Plot settings to modify how the data is displayed. For really skewed values, we
have included Log plotting abilities to help visualize data that might have large differences in
values.

Step:
Click OK to exit this dialog once you are happy with the way the data is displayed.
Step:

Click Save to add this XY Plot to your analysis and then select Close after the note pops up letting
you know this has been added to the analysis.

Step:

Save your work and exit the In-CAD environment. Do not close this model as you will use it in
the next steps.

inds... ﬁ jﬁ gﬁgnln - X @ -

@ @U @ 2bout @

. @ Read Me =
I'l Help Tutorials Finish
Forum Autodesk Mastran
| Nastran Support | Exit |
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Creating Assembly Representations

In this section you will look at creating Assembly Representations to review parts of the
assembly individually. You should be in the Assemble environment now. This is easier than
creating separate analyses on the individual parts because you can review everything from one
file.

Step:

Expand the Representations folder in the Browser then expand Level of Detail. RMB on the
Level of Detail node and select New Level of Detail.

AR

L Simplify  Design 3D Mods

[9—.3 C;l:_ '}'D Free Move L—ED EFI

c"D Free Rotate . .
Place Create Joint  Constrain

-

Compeonent = | Position * | Relaticnsl

x

? | 'q,_r Aszembly View - ik
% Leaf Spring.iam

[ relationships

= Representations

T_Tr- Wiew: Default
[z | .
Pasition

= EBE Repeat Save

Mo newtevelofoetsi | < ]

064 new Substitute >

Al
B Expand All Children

e Al I
Collapse All Children

[+ El Origin ~

[]—@DS How To...

[+ @ Upper H

Step:

A new Level of Detail is created and the default name is LevelofDetaill. Suppress all of the other
components except for Hook. If you are not familiar with Inventor or this functionality, let
someone in the room know and they will show you how to do this step.

Step:
Save the model to apply to LOD changes.
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LEEGLIEE  Simplify  Design = Sketch  Inspect Tools Manage View  Envirc
2l +D Free Move q EFI EF‘u‘ Show 22 Pattern Ej% f E
[57 j o ] . E x
{7 Free Rotate . i Ela Mirror
Place Create loint Constrain Bill of Parameters Cre
" oy Hide Al | B8 Copy | Materials Subst
Component « | Position | Relationships + Pattern = Manage + | Produ

x

)
v‘ 4;A;;emblv\fiew - ¢4

5 Leaf Spring.iam (LevelofDetail1)
D Relationships
E] E Representations

T5= View: Default
— e
Position

= El. Level of Detaill : LevelofDetail1
& Master
& All Components Suppressed
Eb All Parts Suppressed
E‘. All Content Center Suppresse|
leb LevelofDetaill

k- D Origin

- (5} oe-{Suppressed)

- (5} bpper{Suppressed)

H- (3 Hook

I (5 HookPartrt-{Suppressed)

- (5 lesfarifoumpressed)

(- (5 shaftrt Suppressed)

- [ leafartfSuspressed

- (53} lesfrt-{Sumpressed)

- (5 leaf5ri{Sumpressed)

- (55 bppers2{Suppressed)

Step:

Go back into the In-CAD environment. You should see your active analysis with all components
shown because this was the model state set for this analysis.

Step:

In the Ribbon, select New to create another analysis of this model.
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T . O-CHGO > B -5

Assemble  Simplify  Design 3D Model

B W & a4

Default | Mew Edit  Import from | Matenal Physi

Settings Stress Analysis
Analysis
st

1 x
Autodesastran Model T... ~ B

=y Assernbly

=-EE Analysis 1 [Linear Static]
~. Units: CAD Model
El% Leaf Spring.iam

@ Upper

@ Hook

] ook a1

) leaf2:1

System Properties

Step:

When the Edit Analysis dialog shows up, select the Model State tab and change the Level of
Detail to the one you created. Select OK to apply this change.

r Analysis m

Mame:  Analysis 2 Titl

Type: Uni l Select Units l
| Qutput Controls | Optians | Model State

Representations

Cesign View
[Defauﬂ - l
Level of Detail

Master >

Master
All Components Suppressed
All Parts Suppressed

All Content Center Suppressed
LevelofDetaill

NOTE: A new analysis is created and the only component shown is Hook. This will help you to
review individual components in the context of the assembly.
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Creating a New Physical Property

Step:

Select Physical in the Ribbon to create a new Physical Properties definition.

B = L A |

Assemble  Simplify  Design 3D Model  Sketch

B U & 2 &

Default | Mew Edit  Importfrom | Material Physical | Constrai

Settings Stress Analysis
System | Analysis | Propert/\ | Se

= Tj

NOTE: By default, if the check box next to Associated Geometry is unchecked, this will assume
you want to apply this Physical Property to all active components in the analysis.

NOTE: A physical Property was already defined for Analysis 1 and this could be reused. Under
the Model node in the browser, you can drag the existing Physical Property definition up into
the FE Model. For this example | wanted to show you how to create a new Physical Property.

Step:

Select the New Material icon.

[ 4% physical Property |2 e |

Material Axes

Name:  physical Property 2
Coordinate System:

= = Leaf Spring.iam
TyPe! |solid Elements =

Bar

Material:

Steel, Alloy ']

Color:

[ Assodated Geometry

NOTE: In the Material dialog, you can create a new material with custom properties or add one
from the database. For this example you will use a material from the database.
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Step:
With the Material dialog open, choose Select Material in the upper left.

B> Material 7=
General Allowables [ Thermal
Select Material
P 8.027e9 Sr € |sess
Name:  Material 2 GE o Se K |13

ID: 2 Toer Ss

=
e - g

Failure Theory

=]

4

Neo-Hookean G
Physical Properties: Vo032
Physical Property 1 &

Save New Material

Analysis Specific Data

PRFA

Step:

Select Iron — Cast under the Inventor Material Library.

i Y
£ Material DB S5

Material Tree

»

(- Autodesk Material Library

E| Inventor Material Library

- Acetal Resin

P . Acrylic

GH - Acrylonitrile Butadiene Styrene
- Alloy Steel

Toer - Aluminum

. Aluminum 6061

Strdl| . Aluminum 6061 - Welded

- Brass - Soft Yellow

- Brass - Soft Yellow - Welded

G .. Bronze - Cast

. Bronze - Soft Tin

- Carbon Fiber Reinforced Plastic
5 - Concrete

.. Copper

. Copper - Cast

e

m

- Copper - Wrought

- Copper Alloy

. Generic Material

.. Glass

- Glass Fiber Reinforced Concrete
.. Geld

. Iron - Ductile

[ Load Database ] [ OK ]
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Step:

Click on OK to accept Iron-Cast and OK again to define and close the Material Dialog.

g Physical Property ? P
Material Axes
Name:  physical Property 2
Coordinate System:

TyPe: | solid Elements  ~

Bar
Add To FE Model
Material:
Color:

[ Associated Geometry

L J

NOTE: Some materials are missing information for Failure Theory, such as brittle failure, so we
are letting you know with a popup after choosing a material.

Step:

Select OK to apply this definition.

Thatis it! You are ready to apply what you have learned to set up loads and boundary
conditions then run a Linear Static analysis on this single part within the context of the main

assembly. Practice what you learned for a few minutes and ask someone in the room if you are
stuck with something. For example, you might want to know about side loading on this part.

Learn About Model Setup and Modal Analysis

Modal Analysis
Let's look at a simple support beam that will have a vibrating motor attached installed.

We will use a small beam as a support for a vibrating motor as the starting point to help you
focus on the model setup for this modal analysis. In this workflow you will learn how to set up
the model for Modal Analysis and idealize the vibrating motor as a concentrated mass. The
Concentrated Mass will be connected to the beam using Rigid Connectors.
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Step:

Browse to the folder Modal and double click [Modal.ipj] file to launch Inventor.
Step:

Open [Modal.iam]

Step:

Switch to the In-CAD environment. Select the Environments tab and select the Autodesk
Nastran In-CAD icon.

NOTE: You will notice that two Physical Properties were automatically created and assigned to
the FE Model because the CAD models have different material definitions. One will cover the
beam and end plates while the other will cover the vibrating motor base.

Step:

Select the Edit icon and change the Analysis Type to Normal Modes.

[l T

Assemble  Simplify  Design

= BN EE W

Default | Mew Edit  Importfrom | M
Settings Stress Analysis

System | alysis |

Step:

We will not be reviewing Stress in this workflow so you can uncheck Stress from the Elemental
Output Sets.

¢ AUTODESK UNIVERSITY 2015 38
/



BAM! - Let’s Throw a Little In-CAD into your Simulation
Soup

r Analysis B

Mame:  Analysis 1 Title:

| Type: | MNormal Modes - IUnl'ts: [ Select Units ]

Cutput Contrals | Options I Model State |

Modal Elemental
Displacerment Data Type
[C] Applied Load | Comer A\
SPC Cutput Sets
[C] mpc [C] Force
[C] Grid Point Force

Balance B stan

Step:

Switch to the Options tab. By default the Contact Type is set to Bonded. For this example, leave
as bonded. Select Ok to apply the changes to the active analysis.

NOTE: Analysis1 has been updated and you should see Normal Modes with the addition of the
Modal Setup shown under the Subcase.

' = 2l A=

Assemble  Simplify  Design 3D Model

d B s
Default | Mew Edit Impeortfrom | Material Physical

Settings Stress Analysis

System Analysis

Properties ‘

x

[2)

w-fily FE Model
= Subcases

[ -l Modal Setup1 |

=iy Subcase 1

¥ Loads

: Z& Constraints
@ Results

-2 Model

[P Parameters

[ gy CoOrdinate Systems
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Step:

Double click the Modal Setup 1 node in the Browser. For this analysis you will use the default
settings. Select OK to close the dialog.

Ll Modal Setup ? &

Mame:  Modal Setup 1 Extraction Method:

Mumber of Modes:

10 Mass Representation:

Lowest Frequency (Hz):

Modal Database:
Highest Frequency {Hz):

MName:

QK l [ Cancel

Model Setup

Step:

To create contacts, select Automatic in the contacts Panel to create a bonded contact between
the components.

Step:
Define a Fixed constraint to the four holes on each plate and select OK.
Step:

Now let’s replace the vibrating motor base with a Concentrated Mass. Under the Model node in
the Browser, RMB on the Concentrated Masses and select New.

Step:

Change the Type to Automatic and add the motor frame to the Selected Entities.
Step:

The Automatic option is asking for a density of the model. Input the density as 0.008.
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.
M Concentrated Mass

Name:  Concentrated Mass

Type
() Manual | @ Automatic

Coordinate System:

| Modal.iam - |

e
Selected Entities:

body<1>@Motor Base: 1

| |

Density:|  0.008|

Display Options

Size: ——

Add To FE Model

sl

Step:

Click OK to accept these settings. Now you should see the motor frame is replaced with the
Concentrated Mass icon.

-

Step:
Under the Model node, RMB on Connectors and select New.
Step:

Change the Connector Type to Rigid Body. Select the Concentrated Mass as the Independent
Vertex/Point. For the Dependent Entities, select the internal surfaces of the four holes on the
top of the beam.
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rf Connector

Rigid Body
Name:  Connector 1

e oty - —
Add To FE Model

Connector Element

Independent Vertex/Point:

vint< 2= @Motor Base: 1

Dependent Entities:

face <12>@AISC - W 6X «
face<13>@AISC - W 6x
-

Fm™ Frr Mz
[@lrx @Ry [#RrZ

Display Cptions

Size: ——
Density: T
Color:

.

Az

Step:

Select OK to apply the connectors.

NOTE: This will be an idealization of the motor base as if it were mounted to the beam. The
default definition for Rigid Connectors will have zero degrees of freedom available with respect
to each other. Uncheck the boxes to open these.

Step:

Select Generate Mesh in the Ribbon.

Step:

Run the analysis.

Step:

RMB on the Results and select Edit to view the mode shapes and corresponding frequencies.

Note: XY Plots are automatically created for Frequency vs. Mode Number along with Translation
and Rotation Effective Mass vs. Mode Numbers.
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.d, Concentrated Mass 1
_% Subcases
© iolul Modal Setupi
% Subcase 1

,z.*.s Loads

.55 Constraints
5 Constraint 1

Frequency Versus Mode Number

-Jd] T1 Effective Mass Versus Mode Number
--[79] T2 Effective Mass Versus Mode Number
-Jpd] T3 Effective Mass Versus Mode Number
79 Rl Effective Mass Versus Mode Number
2] R2 Effective Mass Versus Mode Number
R3 Effective Mass Versus Mode Mumber

= 'E§ Model

m

NOTE: Under XY Plot, the Effective Mass vs. Mode Number plot is reporting the vertical axis as a
percentage of mass.

That’s it! You have completed the Modal analysis on a simple model. Next you will look at a
nonlinear analysis.

Learn About FE Model Setup Using a Nonlinear Transient Response Analysis

Analysis Setup

Let's look at a simple steel bar that will have an impulse load applied to one end. The load will be
applied over a very short time. We will be looking at the response to this load and resulting stress with
the resulting vibration after the load is relieved.

User Interface

Step:

Open the folder NLTR — Bar and double click the [NLTR - Bar.ipj] file to launch Inventor.
Step:

Open [NLTR-Bar.ipt]

Step:

Switch to the In-CAD environment.

Step:

Edit the Analysis Type to be Nonlinear Transient Response and select OK.
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i

Sketch  Inspect Tools  Manage
-
E Analysis 4 . ‘

Mame:  Analysis 1 Title:

Type:  |Linear Static = | Units: [ Select Units l

Linear Static

Output 0 pormal Mades

Linear Buckling

hoda! Prestress Static
Prestress Normal Mades

MNonlinear Static
O MNonlinear Buckling M
.............................................
Direct Transient Response
1 | Madal Transient Response
B Impact Analysis
Direct Frequency Response

Madal Frequency Response
Random Response oy

-
5]

Output| Multi-Axial Fatigue

Plot | Vibration Fatigue
=t | Linear Steady State Heat Transfer

P i Monlinear Steady State Heat Transfer Cancel

Monlinear Transient Heat Transfer

NOTE: Changing the analysis type to Nonlinear Transient Response will show three new items in
the browser. You will see that Damping is added along with Nonlinear and Dynamics Setup. You
will look at Damping and Dynamics Setup later in this workflow but will leave Nonlinear Setup as
the default settings.

E EE w &

Default | Mew Edit  Importfrom | Material F

Settings Stress Analysis

System Analysis Prope
x

5--@ Part

El Analysis 1 [Monlinear Transient Res
. Units: CAD Model

1) Part1
{5 FE Model
9% Subcases

LI Damping 1 <:

% Subcasel

: FE Monlinear Setup 1 1

{ﬂ@ Dynamics Setup 1 <:|
S Loads

=t Loadl
245 Constraints
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Step:
Create a fixed constraint at one end of the bar and select OK.
Step:

Apply a load to the other end using these values below.

- Fx=1
- Fy=1
- Fz=1
Step:

You might notice that a new section became available in the Load dialog called Transient Table
Data. Click the New icon to create a new load table.

(& 1Load |5 e |

Load Definition

MName: | pad 1 Direction:

Type: Coordinate System:
[ Total Force
Selected Entities: Magnitude (bf):
Subcases:
pr—
Display Options [
e
Size: {1

Step:
Change the Type to Load Scale Factor vs. Time and input the data below and select OK.
Time(s) Load Scale Factor
0 0
0.001 100
0.002 0
0.003 0

NOTE: If you have the table data electronically, you can copy/paste into the load table. Also, the
extra zero load scale factor tells the Nastran solver that the load magnitude is zero for the rest
of the analysis. If you do not add this last zero, the solver will assume you want the load to
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continue as a typical y=mx+b derived from the last two data points. Setting these last two
inputs to zero will make m=0 and b=0 in the equation.

Step:

Select OK to close the Load dialog and apply this to the active analysis.

Step:

Mesh the model using the default settings. This should be coarse to reduce the analysis time.
Step:

Now let’s take a look at the Damping. Double click on the Damping node in the Browser and
uncheck Structural Damping.

i N
A= Damping | 2 o
MName:  Damping 1 || rayleigh Damping
Mass Proportional, ALPHA:
I0: 1
[] strfyctural Damping
g Value, G (%): Stiffness Proportional, BETA:

P

Dominant Frequency, W3 (Hz): Modal Damping

P Type: Constant

Dominant Frequency, W4 (Hz): Damping Definition:

P

Percent Critical

Damping Value(3):

OK l [ Cancel

NOTE: For this example we are going to remove damping from the structure. This can add
significantly to the analysis time.
Step:

RMB on the Dynamics Setup node in the Browser and select Edit. For the Interval Setup, leave
as Duration. Input .001 for the Time Step and 10 for the Number of Timesteps. This should give
you a 0.01 second simulation to see how the structure behaves during and after the impulse
load. Select OK to apply the changes.
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}5@ Dynamics Setup l D -

Interval Setup
Cyde Dependent

Mame:  Dynamics Setup 1

ke 1 Duration () -
Interval Listing: Time Step (s):
0to0.01s 0,001

Mumber of Timesteps:
10

0.01

Skip Factor (for output):

1

OK ” Cancel l

Thatis it! You have finished setting up a Nonlinear Transient Analysis Setup and are ready to
run.

Step:

This will take around 5 minutes to solve. If you are running out of time, browse to [NLTR — Bar-
Solved.ipj] to launch Inventor and open the [NLTR - Bar.ipt] file from this location. RMB on the
Results node in the Browser and select Load to add the saved results.

Learn About Impact Analysis Setup and Results

Impact Analysis

In this workflow you will perform an Impact Analysis on a thin tube. You will learn about idealizing solids
as shell elements. You will also learn how to set the model up from scratch. This will be helpful when
you want to create multiple analyses in the document or to just start over.

Impact Analysis Setup

Step:

Browse to the Impact Analysis folder and double click the [Impact Analysis.ipj] file to launch
Inventor.

Step:
Open [Impact Analysis.iam]
Step:

Switch to the In-CAD environment. Change the Analysis Type to be Impact Analysis.
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Step:

Looking in the browser, you will see two Physical Properties are created. Modify the tube
Physical Property and change the Type from Solid elements to Shell elements and add the outer
face of the tube to the Selected Quadrilaterals section. On the right side of the dialog, set t as
0.125. Click OK.

{’ Physical Property ? X

(@) Standard
Name:  physical Property 1

t 0.125
I0: 1

TYPE! | ghell lements  ~
Lire: Element Type: Advanced Options

Bar

M5M:

() Laminate

New Laminate (=i
Material:

Associated Geometry

Selected Quadrilaterals:
face <2>@Tube:1

Selected Triangles:

=l Indude Crilling DOF
(CQUADR/CTRIAR)

[ OK ] [ Cancel

Step:

Mesh the model.

Step:

Create a Fixed constraint on the outer edge at one end of the tube and select OK.

NOTE: The solid geometry for the tube is still shown but since it does not have a Physical
Property defined it will be ignored.

NOTE: The impact analysis requires a path for the projectile to travel on and an element node at
each end of that path. You will need to create mesh refinement points at the tube and plate.

Step:

Zoom into the gap between the two components and you will see a sketch line that will define
the path. To better view this area, switch to the view tab and use Half Section View.
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Step:

Select Mesh Control in the Mesh panel and add a mesh refinement to the vertices of the sketch

line. Set the Vertex Element Size to 0.1. Hit OK to apply the Mesh control. Rerun the Mesh
Generator.

. Vertex Data F
Mame:  Mesh Contral 1 srtexba =]
Element Size (in): El
Display Cptions 1
Size: —T} '
Density: - Selected Points and Vertices: S
Color:

Edge Data

Spedfy By:
(@) Number of Elements
() Blement Size

Number of Elements:

Selected Edges:
Step:

Switch back to the View tab and end section viewing if still active.

Step:

Under the Model Subcase, double click the Impact Setup to open the dialog.
Step:

Select the Plate as the Projectile Body.
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L
2, Impact Analysis (9] = |

General Select Projectile Path

Initial Velocity (infs):

Acceleration (in/s2):

Lo ][ o |

Step:

Now zoom into the sketch line again and select this as the Projectile Path. After you select the
sketch, it should show up in the dialog.

=

General Select Projectile Path

Select Projectile Body:

Step:

The next step is to verify the Projectile Path direction is correct. Click the icon next to the

Projectile Path and see if the arrows are pointing from the projectile body to the impacted
object. If not, reverse the direction by clicking the icon again.
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— (@ -

Select Projectile Path

5 ietch segment<1>@Tube:

itial Velodty (in/s):

Acceleration (in/s2):

[ OK J [ Cancel

Step:
Add an Initial Velocity of 40 in/s then click OK to accept these changes.
Step

That's it! Click Run! The model takes about 5 minutes to run. If you have time, start the solving
and watch the results as they are being calculated. Once the analysis is complete, click OK and
continue to post-processing the results below.

If you do not want to wait, or running out of time, you can open the Impact Analysis-Solved
folder and review the results on a solved model. After opening, continue with the post-
processing results below.

Step:

If you opened the solved model, you will need to manually load the results. RMB on the Results
node in the Browser and select Multiset Animation Settings. Below are some items you can
change for better viewing of the results.

- Looking at the Output Set on the left, set the End Set to the last Timestep.

- In Contour Options, Set the Result Data to be SHELL VON MISES STRESS.

- Check the Specify Min/Max box and set the Data Min to 30000.

- Change the Deform Options to 30 Percent.

- Edit the Part View and select the outer tube shell as the only visible component. The
projectile is bouncing off but you can leave this option unchecked if you want to see that
also.

Now select the Animate icon to start the Animation.
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This will conclude the Lab. Thank you so much for taking this lab and providing any feedback to us in the
room. If you have any questions after AU about this please email me at andrew.sears@autodesk.com.

Thanks again!

Andy Sears
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