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Hands on Test Drive

When you complete this manual, you will have experienced

firsthand an introduction to the capabilities of SolidWorks®
Simulation products, including:

m  SolidWorks® Simulation

®  SolidWorks® Simulation Professional
m  SolidWorks® Flow Simulation

®  SolidWorks® Motion
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SolidWorks Simulation Hands on Test Drive

Introduction

The SolidWorks® Simulation Hands-on Test Drive provides you with an

understanding of the capabilities and benefits of using SolidWorks® Simulation
analysis software to perform powerful analysis from your desktop. Only
SolidWorks Simulation validation tools provide seamless integration with

SolidWorks® 3D CAD software, with the benefit of the easy-to-use Windows®
user interface.

Learn how you can use SolidWorks Simulations to perform stress analysis on your
design; SolidWorks® Simulation Professional to perform stress, thermal,
optimization, and fatigue analysis; SolidWorks® Motion to perform motion

simulations; and SolidWorks® Flow Simulation to perform fluid-flow analysis on
your designs.

Introduction 3
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The SeaBotix LBV150

During this hands-on session, you will analyze some of the parts and assemblies
that are components of the SeaBotix LBV 150 assembly shown below.

SeaBotix, Inc. designed, manufactured, and introduced the first lightweight, low-
cost, fully production submersible, remotely operated vehicle, the Little Benthic
Vehicle. Bringing this breakthrough product to a wider market required modern
3D design and analysis tools, so product developers could shorten design cycles,
validate cutting-edge technologies, and employ organic shapes and surfaces.

The company selected SolidWorks mechanical design software for the Little
Benthic Vehicle project because of its ease of use, ability to model organic shapes
and surfaces, SolidWorks® eDrawings® communication capabilities, and seamless
integration with SolidWorks® Simulation analysis software.

The SeaBotix assembly can be remotely operated for use at depths of up to 1,500

meters. Weighing less than 25 pounds, the SeaBotix assembly represents a
breakthrough in tethered submersible design.

Bent Bar

MiniGra’/

Assembly

SeaBotix
LBV150

You will have a chance to experience firsthand the ease of using SolidWorks®
Simulation analysis software on the following items:

1. SeaBotix LBV150 assembly

2. Housing assembly
3. MiniGrab assembly
4. EndCap part

5. 3 Finger Jaw part

4 The SeaBotix LBV150
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Today, you will use the SolidWorks Simulation family of products:

m  SolidWorks® Simulation - The static analysis application that determines the
stresses on the Housing assembly and the EndCap part.

B SolidWorks® Simulation Professional - The static, thermal, drop test, and
optimization analysis application that validate the design of the Housing
assembly, EndCap part, and the 3 Finger Jaw part.

m  SolidWorks® Motion - The ridge body motion analysis application that
simulates the mechanical operation of the motorized MiniGrab assembly and
the physical forces it generates.

m  SolidWorks® Flow Simulation - The fluid flow analysis application that
provides insight into the SeaBotix LBV 150 assembly related to fluid flow and
forces on the immersed model.

The SeaBotix LBV150 5
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User Interface

The first thing that you notice about the SolidWorks® user interface is that it looks
like Microsoft® Windows®. That is because it is Windows!

The SolidWorks 2010 (UI) is designed to make maximum use of the Graphics
area space. Displayed toolbars and commands are kept to a minimum.
Communicate with SolidWorks through the drop-down menus, Context document
sensitive toolbars, Consolidated toolbars, or the CommandManager tabs.

Menu Bar Toolbar

The Menu Bar toolbar contains a set of the most frequently used tool buttons. The
available tools are: New - Creates a new document, Open - Opens an
existing document, Save - Saves an active document, Print 2| - Prints an
active document, Undo - Reverses the last action, Select E - Selects sketch
entities, faces, edges and so on, Rebuild - Rebuilds the active part, assembly,

or drawing, Options - Changes system options, document properties, and
Add-Ins for SolidWorks.

[@sotiaworks p O -2-W-%- K]]8 E]

Menu Bar Menu

Note:

Click the SolidWorks name in the Menu Bar toolbar to display the default Menu
Bar menu. SolidWorks provides a context-sensitive menu structure. The menu
tittles remain the same for all three types of documents; part, assembly, and
drawing but the menu items change depending on which type of document is
active. The display of the menu is also dependent on the work flow customization
that you have select. The default menu items for an active document are: File,
Edit, View, Insert, Tools, Window, Help, and Pin.

The Pin option displays both the Menu Bar toolbar and the Menu Bar menu.

|®SulidWo;ké}\i File Edit View Insert Tools Simulaton Window Help -IFJI

|@SulidW0fks i File Edit View Insert Tools Window HV | O-F-H-%- Ly -| B E '|

User Interface
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Drop-down menu / Context Toolbar

. . . _E Edit View Insert Tools % |@ | |%| @‘ | >

Communicate with SolidWorks 0 e (T
either thought the Drop-down ¥ | open... %P_Iartsl {Default < <Default>_Appea
menu or the Pop-up Context (| Qose =
toolbar. The Drop-down menu 5
from the Menu Bar toolbar or the S 1--,_k:’“: """“le’

. 5 w1 | 30 Sketch On Plane
Menu Bar menu provides access to |l 5 <§ 17 | section view
various commands. Comment

. . Parent/Child. ..
When you select, (click or right- & | Properties. .
click) items in the Graphics area or T
FeatureManagerf Context toolbars e e
appear and provide access to
frequently performed actions for -
that context.

Keyboard Shortcuts

Some menu items indicate a keyboard shortcut like this: | O | Redraw dilett

SolidWorks conforms to standard Windows conventions for shortcuts such as
Ctri+O for File, Open; Ctrl+S for File, Save; Ctrl+X for Cut; Ctrl+C for Copy;
and so on. In addition, you can customize SolidWorks by creating your own
shortcuts.

FeatureManager Design Tree

The FeatureManager® design tree is a unique part of the
SolidWorks software that employs patented SolidWorks
technology to visually display all of the features in a
part, assembly, or drawing.

As features are created, they are added to the
FeatureManager. As a result, the FeatureManager
represents the chronological sequence of modeling
operations. The FeatureManager also allows access to
editing the features and objects that it contains. The Part
FeatureManager consist of four default tabs:

FeatureManager , PropertyManager ,

ConfigurationManager , and DimXpertManager .

User Interface

Y E=YEY >
7

%8, CH End Cap - 300m STED-no tab-rd
il Sensars
+ LA Annotations
3= Material <not specified:>
& Planet
% Planez
£y Plane3
I.. Crigin
(! 6?3 Base-Revalve
%> Plane
+ @ Ribs Extrude

CirPatterni

[+ . Cub-Extrudel
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SolidWorks Simulation CommandManager Tab

Note:

Note:

Mouse Buttons

The SolidWorks Simulation CommandManager enables you to quickly create a
Simulation Study. Click the SolidWorks Simulation tab in the CommandManager
to create a new study. Studies are organized in tabs and are displayed in the
bottom section of the Graphics area.

Create a New Study using
@Sulidkas | File Edit View Insert Tools Simulation Toolbox

the New Study tool or aQ
right-click on a Study tab, suy, Deson

click Create New —

Simulation Study. ;__%___Study A?isgr keich | Evaluate | Office Products | Simulation
%”New Skun If 3 I - ‘

Duplicate

Rename

Delete

Delete all Simulaton Studies

Create Mew Motion Study
Cre v Simulation Study
Mew Design Study

To activate SolidWorks

Simulation, click the Options | &l | drop-down arrow from
the Menu bar toolbar. Click Add-Ins. The Add-Ins dialog
box is displayed. Check the SolidWorks Simulation

LBV_ASSY.SLDASM

,ﬂ ptions
Customize. ..
Add-Ins...

box. Click OK from the Add-Ins dialog box. The %gz:smz:’z b
Simulation tab is displayed in the CommandManager. b Solidworks Toolbox

E’ Solidworks Toolbow Browser
[ salidwarks Utiities

The left, middle, and right mouse buttons have specific uses in SolidWorks.

m Left — Selects objects such as geometry, menu buttons, and objects in the
FeatureManager design tree.

m Middle — Holding the middle mouse button as you drag the mouse rotates the
view. Holding the Shift key down while you use the middle mouse button
zooms the view. Using the Ctrl key scrolls or pans the view.

m  Right — Activates context-sensitive pop-up menus. The contents of the menu
differ depending on what object the cursor is over. These right-mouse button
menus give you shortcuts to frequently used commands.

User Interface
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System Feedback
s

System feedback is provided by a symbol attached = \R"_‘ D;’*“ &
to the cursor arrow indicating what you are ¥ace + dge--Dunension-- Vertexy|
selecting or what the system is expecting you to
select. As the cursor floats across the model,
feedback comes in the form of symbols riding
next to the cursor arrow.

Getting SolidWorks Hel T
g P wep | @13 -[d- &
SolidWorks has a comprehensive Home help Page ( 3-E§smidwUrks Help
function that is design to assist the new and experience FolhorkaThdkaria
. . . 5 SolidWorks Simulation L2
user. It provides information on What’s New, L rt oS
SolidWorks Glossary, New Release notes, and more. Toolbox Help
. Release Notes
Click Help, SolidWorks Help from the Menu bar What's New 8
menu to view the comprehensive SolidWorks online B e
Home help Page_ Muoving From 20 ko 30
rz| Use Solidwiorks Web Help
Note: Use SolidWorks Web Help is checked by default. e
Activate Licenses...
Transfer Licenses. ..
Show Licenses. ..
About Solidworks. .
About Toolba,..
Customize Menu

User Interface 9
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Getting SolidWorks

Simulation Help.

Click Study Advisor,

Study Advisor

from the Simulation tab

in the

CommandManager with

SolidWorks Simulation

1 Q %tudy Advisor

L Q Mew Study

Q| = o W

rial

73

Fixtures External Connections Run | Results

Study A: i
Advisor PPY  Advisor Loads...  Advisor
Mate

G & i
.. Compare
Advisor Results

ch_[ Evaluate | Office Products | Simulation

Study Properties

an active study to obtain the Simulation Advisor.

The Simulation Advisor is a tool to help the user to determine how to create the
proper study. It is broken into the following categories: Study, Bodies and
Material, Interactions, Mesh and Run, and Results.

The Simulation Advisor walks you through by asking basic questions to lead to
the correct action. By default, when you click on a tool in the Simulation

CommandManager, it launches the relevant advisor. Deactivate the Simulation
Advisor in the Simulation Options section.

Note:

tab is displayed in

the Task Pane.

10

The Simulation Advisor

simulation process.

The Simulation Advisor does
not support other types of
studies in this release. It also
does not pravide access to
some features used in static
studies. To access full
functionality, use the
Commandianager, right-
mouse clicks on tree folders
and features, ar menus.

Click here for online training on
Solichorks Simulation Courses.

%ﬂ

Do not show me this
again.

@ Simulation Advisor Lo Simulation Advisor 59
@i} | | Welcome to SolidWorks @. 1 stud
f&g’ Simulation Advisor E 2 Baor _.Y %
|| The Simulation Advisar helps o
g ; =]
vau determine the proper

m study type. ;@_

e‘ o | | Forbasic static studies of [~ Tohelpyou create the proper
. parts and assemblies, the g_ study, select one of the

| | Advisor provides infarmation et following:

L v . L

|== | and drives the interface to P

x guide you through the ﬁ | am concerned about

excessive deformation or
stresses.

| am concerned about the
effect of loadfunioad
cycles,

| am concerned about
@ sudden collapse under
campression.

l'am concerned about
excessive shaking.

@ | am concerned about
temperatures.

User Interface
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SolidWorks Tutorials and
SolidWorks Simulation

Hands on Test Drive

ien ) 9|0 - 2 -l - & -9 -[&]-)8

Tutorials

Note:

Note:

The SolidWorks Tutorials
provide step-by-step
lessons with sample files
covering SolidWorks
terminology, concepts,
functions, features, and
many Add-Ins. Work or
view the lesson tutorials to

learn and strengthen your
skills.

Click Help, SolidWorks
Tutorials or click
SolidWorks Simulation,
Tutorials from the Menu
Bar menu. View the results.
The Tutorials are displayed
by category.

You can also access the
SolidWorks Tutorials, click
the SolidWorks Resources

tab from the Task Pane
and click Tutorials. View
the available tutorials.

Use the What’s New
Tutorials to view whats
new in SolidWorks 2010.

User Interface

'\’},' | Sclidwarks Help
| Solidwiorks Tutorials

SolidW&k(s Sirmulation
| ToolboXHelp Tutarials 4—
| API Help Walidation L4

| Release Motes

Help Topics

Customize Menu

E? SolidWorks Tutorials

B e m S

Show Back Home Print

These tutorials present SaolidWaorks
functionality in an example-based learning
format. Read the Conventions information

Ifyou are new to the Solidvorks software,
famniliarize yaurselfwith the tutorials in
Getting Started first. All other tutorials can
be completed in any arder.

s by Category

Getting Started Special Types of

SolidWorks Resources =

= o
Getting Started —
|:'| e Document

[%' Open & Document

|2 Tutorisls
?.e \A?‘}E =

f'\i/' General Information

e o &

Show Back Home Frint

The lessons present SolidWorksE
Simulation functionality in an example-
based learning farmat. Read the
Convertions information

Selections marked with a (Prafessional)
are availahle with Solidwiorks®
Simulation Professional and above
Selections marked with a (Premium) are
only availahle with SolidWorks®
Simulation Premiurm

Models
ing Models Erndumi\m;f
Working with " o |—Im
Models Desian habysls e Nonlinear
ic i
All SolidWorks Tutorials (Set 1) et
All SolidWorks Tutorials (Set 2) Frequency,
- Buckling, and Fatigue
)y \what's New Tutorials Thermal {Professional)
e (Professional)

Tutorials by
Focusl/industry

CSWPICSWA Consumer Product
Pr i Design

Machine Design Mold Design

Optimization, Drop
Test, and Pressure |Linear Dynamics
\Vessel Design {Premium)

(Professional)

New Simulation Tutorials

11
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SolidWorks Simulation

SolidWorks® Simulation is a design analysis application fully integrated with
SolidWorks. It provides a one-screen solution for stress analysis and also enables
you to solve large problems quickly using your personal computer. In this section
of SolidWorks Simulation, you will address the following:

SolidWorks Simulation User Interface

The integration between SolidWorks Simulation and SolidWorks
Creating Design Studies

Understanding the Analysis Steps

Assigning Materials

Applying Fixtures and Loads

Meshing the Model

Running the Analysis

Viewing the Results

Time: 55 - 60 minutes

12 User Interface
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SolidWorks and SolidWorks Simulation

SolidWorks Simulation allows you to test a design and run multiple analysis
iterations without ever leaving SolidWorks.

SolidWorks Simulation utilizes the SolidWorks FeatureManager | ¥ | tab,

PropertyManager tab, and ConfigurationManager tab, the
CommandManager, Motion Study tabs, Material Library, etc. and many of the
same mouse and keyboard commands.

Anyone who can design a model in SolidWorks can analyze it without having to
learn a new user interface. SolidWorks Simulation utilizes the power of
SolidWorks configurations to test multiple designs. Plus, since SolidWorks
Simulation uses native SolidWorks geometry, design changes made in one
application are automatically updated in the other.

Regardless of the industry application, from aerospace to medical, SolidWorks
Simulation provides significant product quality benefits, enabling engineers and
designers to go beyond hand calculations and verify proof of concept for their
designs.

i= I\s i& ?; [ & [HE]
Study A ‘_I" Fixtures External Connections Run | Results .
Advisor PPY  Advisor Loads...  Advisor Advisor Pl
Material Results

| Assembly | Layout | Sketch | Evaluate | Office Products | Simulation

000111 |_Model | Wofion Study - Default h, S 1 Stud:
Solidwiorks Premium 2010

Material X
= Steel # | | Properties | Tables & Curwes | Appearance | CrossHatch | Custom | Application Data | F € 2

3= 1023 Carbon Steel shest (55) At et

§Z 201 Annealed Stanless Steel (5) Materials in the default lbrary can not be edited. You must first copy the material to

3= A28 Iron Base Superaloy a custom llbrary o edt it,

$= AISI 1010 Steel, hot rolled bar

3= AIsL 1015 Steel, Cold Dravn (55)

EE] ArsI 1020 | S1-Hjm~2 (Pa) v

3= AIsl 1020 teel, Cold Ralked =

$= AISI 1035 Steel (55)

3= AlsI 1045 Steel, cold drawn |

3= a4 =

3= AIsl 316 Arnealed Stainless Steel Bar (55

$= AISL 316 Stainless Steel Sheet (55)

3= AIsl 321 Arnealed Stainess Steel (353

$= AISL 347 Annealed Stainless Steel (553 |

3= AIsI 4130 Steel, amnealed ot 86SC

|Linear Elastic Iscbropic ~|

$= AIST 4130 Steel, normalized at 570C Brxedy ol Lok
= Eietic Modus 00000000000 A2
§= AIST 4340 Steel, arnealed
2 Poissons Ratio
§E At R, B Shear Madulus 77000000000 Nim"2
3= AISI Type 316L stainless stesl Density 7900 K3
$= AIST Type 42 Tool Stesl Tensie Strenth 420507000 N2
3= Alloy steel Compressive Strength in X 2
3= Aloy Steel (55} Vield Strength IS0 N2
$= AsT Az6 el Thermal Expansion Coefficiert 0000015 ¢
§5 Cast Aloy Steel Thermal Canguctiviy a7 Wit
=L Specific Heet 420 g K)
= Misterisl Damping Retie e,
3= Cast Carbon Steel (5M)
$= Cast Stainless Steel @
= a |

SolidWorks and SolidWorks Simulation 13
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Analyze the Housing

14

For your first analysis, explore the design
validation of the Housing components in the
SeaBotix LBV150 assembly using
SolidWorks Simulation.

The Housing was simplified for today’s class
due to limited time. The Housing consists of
two EndCaps and a View Port. The support
tube, camera, and other components have
been removed.

Your design goal in this section is to obtain a
Factor of Safety (FOS) greater than one. You
will first perform a static analysis on the
Housing assembly containing the EndCaps
without structural ribs as illustrated.

You will then perform a second static
analysis on the Housing assembly containing
the EndCaps with the addition of structural
ribs as illustrated in hopes that the addition
of the structural ribs will obtain your design
goal of an FOS greater than one.

You will then compare the two studies side-
by-side for a final design comparison.

SolidWorks Simulation

EndCap
with Ribs

Analyze the Housing
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Starting a SolidWorks Session

1 Start a SolidWorks Session.
m  Click the Start menu.
® Click All Programs, SolidWorks 2010, SolidWorks 2010.

Note: You can quickly start a SolidWorks 2010 session by double-clicking the
left mouse button on the desktop shortcut, if there is a shortcut icon on
the system desktop.

2 Open the SeaBotix LBV150

Assembly. e
. - - Look in: | 2 Selidwarks Simulstion Q3 > E
m  Click Open from the ML? B
Menu bar toolbar. Docunens | LRSS aLoash
m  Double-click LBV_ASSY €]
esktop
from the ]
SeaBotix\SolidWorks y DJ
. . y Documents
Simulation folder. A e | 8 Lo 1
Simpliﬁed SUb—aSSCmbly iS * R AU 2 ccembly [ asm.” sldasm]
. . . Favoiites
displayed in the Graphics - Descipion;  <None>
area. View the MNQ k [ Quick view -_Heferences..
ly Metwar
FeatureManager. Pt

Note: The FeatureManager design tree
on the left side of the SolidWorks
window provides an outline view
of the active part, assembly, or
drawing. This makes it easy to
see how the model or assembly
was constructed or to examine the
various sheets and views in a
drawing.

Analyze the Housing 15
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3 Select the Simulation_Original_Design
Configuration.

m Click the ConfigurationManager tab. The
various configurations are displayed.

B Double-click the Simulation_Original_Design
configuration. The Housing assembly (No Ribs) is
displayed in the Graphics area.

4 Activate SolidWorks Simulation.

®  Click the Options drop-down arrow
as illustrated from the Menu bar toolbar.

m  Click Add-Ins. The Add-Ins dialog box
is displayed.

B Check the SolidWorks Simulation box.

®  Click OK from the Add-Ins dialog box.

Note: Displayed Add-Ins may vary per system

setup.

16

SolidWorks Simulation

= ¥ Lew_AssY Configuration(s) (De
||'=iE| Default < <Default>_Photo

B = - 4— seabotixleviso

E Cptions
Customize. ..
Dn——
Add-Ins...

eformation

Active Add-ins

| start up |

|

|

= SolidWorks Premium Add-ins

13 30 Instant Website

[C]&R Circuitworks

[ &8 Featurewarks

B Phatovwarks

[l scanTazn

D-:Qf; Solidworks Desian Checker
] salidwiorks Mation

] salidwiorks Routing

r' Solidworks Simulation

Solidworks Toolbos

Fl ? Solidworks Toolbow Browser
[ salidwarks Utiities

Solidwiorks Workgroup PDM 2010

BT Talnakyst

= SolidWorks Add-ins

OO

ooooa

|

Autotrace

Solidworks 20 Emulatar
Solidworks Flow Simulation 2010
Solidworks MTS

Solidworks XPS Driver

00000 oooEOoooooodno

Ok ] [ Cancel

4

Analyze the Housing



SolidWorks Simulation SolidWorks Simulation

A Simulation tab is added to the CommandManager and a Simulation button is
added to the Menu bar menu.

EpiSolidWorks | Fle Edt Vew fmet Tods SidatongWidow rep @[ - ¥l - & -9 -8 E- 2--82

gy bk . B m\ (7] ko4

= 1] b %

et MEE e Sr;E;rt P Sﬁi\' ey REfer‘encE Bﬁf Exploded Explode Ins;j.”:t.’ﬂ

g oot S Fasteners Comrciedt Hidden Eeabtes ) Heane by Motion | Materials View Line
- i - Components - - Study Sketch
Assembly | Layout | Sketch | Evaluate | Office Products | Simulation FE
T [ I + -
ClER [ LAYME- @ -600-@ £-O-
= W LBv_AssY Configuration(s) [Sin
B Default [ LBY_ASSY ]
= @Iatianﬁrigina\jesign [
]
b
¥
o <Simulation_Original_Design=_P Q
A

] | >
[7] Link Display States to Configurations
Solidworks Premiurm 2010 Under Defined  Editing Assembly 3l

5 Set Default Options in SolidWorks Simulation.

| simulation J\Tm)lbcx Window  Hel

B Click the Simulation button from the Menu bar Q sty
menu. s .
® Click Options from the drop-down menu. The |
System Options - General dialog box is displayed. oo :
Mesh L3

| Plok Results 4
List Resulks L3
| Result Taols »

B | Design Study
Fatigue 2

xR

% | Parameters...

| Expart...
Import Mation Loads...

— —> Opkions. ..

Analyze the Housing 17
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Click the Defaults Options tab. View
the Default Options - Unit dialog box.
Click the Units folder.

Click the SI (MKS) Unit system box.
Select mm for Length/Displacement.
Select Kelvin for Temperature.

Select rad/sec for Angular velocity.
Select NN'mmA2(MPa) for Pressure/
Stress.

Set Number format.

SolidWorks Simulation

Unit zypstemn

j) S1MES)
() English [IPS)
O Metric [G)
Uitz
Length/Dizsplacement:
Temperature:
Angular velocity:
Prezsure/Stress: M 2[MF

B Click the Color Chart folder as illustrated.
®  Click Floating for number format. View your options.
B Click OK from the Default Options - Plot Color Chart dialog box.

Default Options - Plot - Color Chart

System Options [ Detaut Options |

Units
LoadFixture
Mesh
Resuls
I=-Plat
- Calor Chart 4—
=) Default Plots
= Q*Static Study Results
[, Plot 1
[, Plotz
[y Plots
QQFrequencw’Buckling Study Results
=] QﬂThermaI Study Resulks
[, Plot 1
=] Q'EDrop Test Study Results
[, Plot 1
[, Plotz
[y Plots
=] C?Fatigua Study Results
[P, Plot 1
[, Plotz
% Optimization Study Results
=] Q:Non\inear Study Results
Plot1
[, Plotz
[, Plots

User information
(=} Report
Study Repart

Dizplay color charts
Dizplay plot details
Positian
(&) Predefined positions
() User defined
Huorizantal from left: [

Wertical from top:
Width
O'whide
(@) Normal
) Thin

Number format
) Scientific

Floating
General -
Ma. of decimal places: i 3 |

Use 1000 separatar )

Color options

LD efault v | - i

No of chart colors: \12"1 [CIFlip

NI

[ Specify color for values sbove vield for vonMises plot -

_» ak _] [ Cancel ] [ Help

Analyze the Housing
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Create a Static Analysis Study

. : . BT (12
Create a Static study today. Static studies calculate Gtudy
displacements, reaction forces, strains, stresses, and ¥ X 4=
factor of safety distribution. P =
Factor of safety calculations are based on common [ o o
faﬂure criteria. | components with linear material
. ==
The first default Study name is Study 1. | [
SolidWorks Simulation offers six different results — =
options. They are: @ et
] Stress |@| Frequency
®m  Displacement @8] eucking
] Strain |Q_ﬁ| Thermal
®  Deformation i
|§| Drop Test
m Factory of Safety e
. . |§| Fatigue
®  Design Insight —
|‘£| Monlinear
Static studies can help you avoid failure due to high ¥ winar Dynemic
stresses. A factor of safety less than one indicates likely (@8] Pressure tiessel Design

material failure. Large factors of safety in a continuous
region indicate that you can probably remove some
material from this region.

Create a Static Analysis Study 19
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Creating a Static Analysis

Study B SolidWorks jf Fle Edt View Insert Tods Smuation Tookbox
1 Create a Static ' S%Y : :
Analysis Study. ki
m  Click Simulation & Study Advisar ketch | Evaluate | Office Products | Simulation ,_
tab in the S e sy | =¥
CommandManager.
m  Click the Study Advisor drop-down arrow as
illustrated g b IE ] @‘—l
®  Click New Study . The Study PropertyManageris [« % 4=
displayed. Study 1 is the default name for the first Message A
study. Accept the default Study name. R
components with linear material
m  Click the Static button for Type. i
Name ]
Study 1
TEE ]
|~t¢ atic
k Skati
|Q Lstatic BUENCY
|§| Buckling
2 Display the Study. —
play Y ® Gl >
m  Click OK from the Study PropertyManager. T

@ LBY_A3SY (Simulation_Original _D Y

Study 1 (-Simulation_Original Design-) is displayed. (3] sersors
View the default folders. 8 € Design Binder

Annotations

[+ I;j Lights, Cameras and Scene

Note: A green check mark on a Study folder indicates that R Front

. . . \<§\ Top

material is assigned. 2, Right

I.. Crigin
s .
. Wy (-) Support Tube <1 > (COSME

Note: Ifneeded, return to the FeatureManager. ® () FLoATs<1>
(5 %h (F) Wiew Part, Acrylic 150m=1 ]

< >

fstudy 1 {-Simulation_Original_Desigry
2%
% [Z) cH End Cap - 300m STED-no
[Z) cH End Cap - 300m STED-no
- [ view Port, Acrylic 150m-1 (-]
= ﬁ; Connections
[E3] & Component Conkacks

g:f Fixtures

,é] External Loads

@ Mesh

20 Create a Static Analysis Study
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Assigning Materials in SolidWorks Simulation

?Study 1 {-Simulation_Criginal_Design-|

You can apply a material to a part, and create or edita | = ®rarts

material with the SolidWorks Simulation Material ) — -

dialo bOX -@View. = _Apply,l’Edit Material. ..
g ’ & ﬁ; Connect] la Exclude From Analysis

B

The Properties tab in the Material dialog box allows d%tuc::s“ T

you to define a material source, material model, and ectemal | Fix

material properties. You can define constant or Wi S N ol

temperature-dependent properties.

Defining materials in SolidWorks Simulation does not update the material
assigned to the model in SolidWorks.

Define and apply material to the two EndCaps in the Housing assembly in the next
section.

| = ’\' Properties | Tables & Curves | Appearance | CrossHatch | Custom | Application Data | F € )
~#= 1023 Carbon Steel Sheet {55) | e |
: QE 201 Annealed Stainless Steel (S5) Materials in the default library can not be edited, You must First copy the material ko
§E AZ286 Iron Base Superalloy a custom library to edit it,

= AISI 1010 Steel, hot rolled bar e T |

el ] |Linear Elastic Isotropic el

~#= AISI 1015 Steel, Cold Drawn (55) - =
851 a1s1 1020 | - [ 51 - npm~z (pa) |
§: AISI 1020 Steel, Cold Rolled i i' =) | ‘
= AISI 1035 Steel (55) & o
3= AISI 1045 Steel, cold drawn [ |
3= ars1 304 e = : |
§E AISI 316 Annealed Stainless Steel Bar {55
= AISI 316 Stainless Steel Sheet (553 I |
2 §E AISI 321 Annealed Stainless Steel (S5) T
§E AISI 347 Annealed Stainless Steel (55) p— - -

= AISI 4130 Steel, annealed at 8652 -
= AISI 4130 Steel, normalized at 870C SR Halte s |
= Elaztic Modulus 200000000000 Rim*2
3= AISI 4340 Steel, annealed Poissone Ratio 029 i
~§ AISL 4340 Steel, normalized Shear Madulus 77000000000 Him?2
§E AISI Type 316L stainless steel Density 7o00 kg.l‘m"é
= AISI Type AZ Tool Steel Tensile Strength 420507000 him2
2= Alloy Steel Comprassive Strength in X Mim#2
3= Alloy Stesl (553 Yield Strength 351571000 Rin2
§E ASTM A36 Steel Thermal Expansion Coefficient D_.DDDD15 M
= Cast Alloy Steel Therrp.al Col_ﬂdudlvrty 47 W.l'(l_'n-K_)
P Specific Heat 420 ik
3= Cast Carbon Steel Material Damping Ratio RA,
3= Cast Carbon Steel (SM)

8= Cast Stainless Steel

Assigning Materials in SolidWorks Simulation 21
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Selecting parts and Applying Material in SolidWorks

Simulation

1

Note:

22

Select the two EndCaps.

Expand the Parts folder.

Click the first CH EndCap part.
Hold the Ctrl key down.

Click the second CH EndCap part.
Release the Ctrl key.

dialog box is displayed.

Assign Material.

®  Expand the Steel folder.

m  Click AISI 1020. View the available
material properties and information.

m  Click Apply.

B Click Close from the Material dialog
box. View the results in the Study tree.

A green check mark on the Parts folder
indicates that material is assigned to the
parts.

Click Apply Material from the Simulation
tab in the CommandManager. The Material

SolidWorks Simulation

Q*Study 1 {-Simulation_Original _Design
%
[% [5) cH End Cap - 300m STED-no
4@ “H End Cap - 300m STED-no
[ view Port, Acrylic 150m-1 (-
= ﬁ; Connections
ez} @ Component Conkacks

g:f Fixtures

é External Loads

@ Mesh

18

= Fixtures External
Apply

Study
A?Maherial Advisor Loads...

lidiorks Materials ”~
[ 15 Stesl
Ek 3= 1023 Carbon Steel Sheet (55)
8= 201 Annealed Stainless Steel (55)
§E A286 Iron Base Superalloy
3= AISI 1010 Steel, hot rolled bar
§E AISI 1015 Steel, Cold Drawn (55)
b ¢ = A1S1 1020 |
8= AlSI 1020 Steel, Cold Rolled
3= AISI 1035 Steel (55)
3= AISI 1045 Steel, cold drawn
3= ars1304
§E 4151 316 Annealed Stainless Steel Bar (S5
§E AISI 316 Stainless Steel Sheet (55)
§E AISI 321 Annealed Stainless Steel (55)
§E AISI 347 Annealed Stainless Steel (55)
§E AISI 4130 Steel, annealed at 865C
§E AISI 4130 Steel, normalized at §70C
3= AISI 4340 Steel, annealed
8= AISI 4340 Steel, normalized
8= AISI Type 316L stainless steel
3= AISI Type A2 Tool Steel
3= alloy Steel
3= alloy Steel (55)
8= aSTM 476 Steel
3= Cast Alloy Steel
8= Cast Carbon Steel
8= Cast Carbon Steel (SM)
e . ;

(f’study 1 {-Simulation_Original_Design-]
_»— % Parts
[ cH End Cap - 300m STED-no ¢
[ cH End Cap - 300m STED-no ¢
[ view Port, Acrvlic 150m-1 ([
= ﬁ; Connections
[+ & Component Contacks

g:f Fixtures

;] External Loads

@ Mesh

Assigning Materials in SolidWorks Simulation
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|§'I' £ il@ |

Applying Fixtures

A component that is not fixed will

travel indefinitely in the direction of v % 4= v % =
the applied load as a rigid body. (rvee [500) (Tvee o)

Fixtures and loads define the
environment of the model.

A rigid body contains six degrees of
freedom, three rotational and three a
translational. You apply restraints to

remove degrees of freedom.

=
3

. i Standard {(Fixed Geometry) # |Standard {Fixed Geomelry) ¥ |
Each load or fixture condition is () i Geometry

. . Advanced £
represented by an icon in the Study. (@) rois (@) syt
In this section, address an On () Feed Hinge (@) creir syrnetry
Cylindrical face ﬁXture. m |®| Use Reference Geometry

|[2| On Flat Faces

|E| On Cylindrical Faces

| Advanced ¥ |{:)| O Spherical Faces
Symbol Settings & m
s o)
1l [0 =
s e Symbol Settings ~
s o)
il | 100 =
Show preview

Applying Fixtures 23
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Applying a Fixture
1 Apply a Fixture.

SolidWorks Simulation

18 !

B &

2 Select the Faces to be Fixed.
m  Click the cylindrical face of

m  Click the Fixtures Advisor drop-

down arrow from the Simulation tab
in the CommandManager.

Click Fixed Geometry. The Fixture
PropertyManager is displayed. The
Fixed Geometry option is selected by
default. Fix the model to simulate
how the two EndCaps are mounted to
the Housing.

Study

Advisor Apply

A
= W Lev_assy
P& Default |

o T

ironlabic

" g:\ﬁ [E:z
o Fixtures | External Connections Run | Results
! | Advisor | Loads...  Advisor Advisor
Material

Assembly | Lay g:\s'%xtures Advisar

fiice Products |
Fixed Geometry 4__
RaollerSlider
Fixed Hinge

Elastic Support:

Advanced Fixtures

Standard (Fixed Geometry) #

the right EndCap as
illustrated. Face<1> is

displayed in the Standard () Fedtinge
(Fixed Geometry) box. T

Click the cylindrical face of

the left EndCap as

illustrated.

[| Fixed Geometry
|

3 Set Fixture Type.
® Expand the Advanced dialog box.
m  Click the On Cylindrical Faces box. The

Translations dialog box is displayed.

f Base-RevoIve of CH End Cap - 300m
it

Advanced 2
|_L|_-‘)| Circular Symimetry

|I’C—D| Use Reference Geometry

|L_j| On Flat Faces

| I_L‘\I\ on Cylindrical Faces

|k_) | On Spherical Faces

)

Face<1>@CH End C:
Face<1>@CH End C:

£

Symbol Settings

Applying Fixtures
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4 Select Units and Displacement
Components.
m  Select mm from the Unit
drop-down menu.
m Click the Circumferential

box.

m  Click the Axial | [box. View
the results in the Graphics
area.

5 Apply the Fixture.

m  Click OK from the Fixture

SolidWorks Simulation

Translations ] e —
On Cylindrical Faces: | |
E| i —» Circumferential (racd): |0 |
. Axial (mm): i}
&) -
C [E—
p direction
mm
[reverse direction
SEE =
(T~

PropertyManager. An icon named On
Cylindrical Faces-1 is displayed in the

Fixtures folder.

Note:
area.

Applying Fixtures

Press the f key to fit the model to the Graphics

@ LBY_ASSY (Simulation_Original_Design < #
@ Sensars
[+ @ Design Binder
H lil Annokations
(=] |£| Lights, Cameras and Scene
\<§\ Front
4 Top
&y Right
I.. Crigin
Ty () Support Tube<i > (COSMOS)
S | 5

Q*Study 1 {-Simulation_Criginal_Design-}
= % Parts
i [[¥j cH End Cap - 300m STED-no tab-re
[+ @ CH End Cap - 300m STED-no tab-ref
@ Wiews Part, Acrylic 150m-1 (-[SW]ac
= ﬁ; Connections
[+ & Component Conkacks
= g:fFixtures
B On Cylindrical Faces-1 (:variable:)
: @ External Loads

% Mesh

25
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Applying Loads

Loads are forces and pressures applied to
faces, edges, and vertices of the model.
In SolidWorks Simulation you can apply
uniform and variable force and pressure,
torque, bearing loads, and body forces
such as gravity and centrifugal force.

Note:

26

You will apply a Pressure load to the
Housing. The Pressure load will
simulate approximately 3,400 feet of
seawater.

You will use English (IPS) units in this
section. Each 33.3 ft. of seawater is
approximately equivalent to 1 ATM or
14.7 PSL.

Apply the Normal to selected face
option for Pressure Type.

Select all exposed faces of the
Housing to apply a pressure load to
simulate the seawater depth
pressure.

SolidWorks Simulation

(e )
Type ]

@

Mormal ko selected Face

O Use reference geometry

Pressure Yalue

A

Wt v iN,l’m’\Z

[reverse direction

[CIMonuniform Distribution

A

Equation coefficients
[} W

2

Symbol Settings

A

Show preview

C Em
il | 100 =

Applying Loads
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Applying a Pressure Load PRET pe =
Fixtures | External | Connections Run | Results @ X

1 Apply a Pressure Load- Advisor |Loads...| Advisor Advisor
m  Click the External Loads z el | oy o)
| . vpe || Split
drop-down arrow from the s ié%::;”a' Losds Adusor
Simulation tab in the L B o frpe T Faceﬁ
CommandManager' .atlgn% m L %lse reference geometry
m  Click Pressure . The @
Pressure
PropertyManager is
displayed. The Type tab is
selected by default.

m  Click the Normal to selected face box.
2 Select the Faces to Apply the

Load.

m  Rotate the model with the
middle mouse button as
illustrated.

m  Click the front EndCap as
illustrated. Face<1> is displayed
in the Faces for Pressure box.

ase-Revolve of CH End Cap - 300m STED-no kab-revf<1 =

B Zoom in on the front
EndCap as illustrated.

m  Click the other three
faces of the front
EndCap. Face<2>,
Face<3>, and Face<4>
are displayed in the Faces
for Pressure box.

Note: If you select an incorrect face,
right-click inside the Faces for
Pressure box and click Delete © Nomato selcted face
if deleting a single face or Ut e R
click Clear Selections if you [
want to clear all entries.

[Pressure valie (Ninz

Type ]

Face<5=@VYiew Port, + A
Face<4=@CHEnd Cap
Face<3=@CH End Cap

Face<2=@CH End CaE
Note: Face ID’s in list may vary. —-— ieaf Selections
]

Applying Loads 27
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3 Select the View Port Face.

m  Press the f key to fit the model to

the Graphics area.

m Rotate the model with the middle

mouse button as illustrated.
m  Click the View Port face.

Face<5> is displayed in the Faces

for Pressure box. Note the icon
feedback symbol for a face and
displayed feature information.

Note: Do not select an inside face.

4 Select the Faces to

Apply the Load.

B Zoom in on the
back EndCap
face as illustrated.

m Rotate the model
with the middle
mouse button to
select the other
four faces of the
back EndCap.

m  Click the four
faces of the back
EndCap as
illustrated. Nine
faces are
displayed in the
Faces for
Pressure box.

28

Pressure Yalue (Nim 27

Pressure Yalue (Rim"2):

SolidWorks Simulation
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5 Set the Pressure Value.
m  Select psi from the Units drop-down menu.
m  Enter 1500 in the Pressure Value box.

87 (B |
e

Type | Split

| Type ~

*) Normal ko selected Face

O Use reference geometry
T Plraces=aview port, A |
| Face<4=@CH End C:

|| Face <3>@0CH End C:
| Face<2=@CH End :
|IF

;:“PI‘ESSUI‘E‘"JaiUE ﬁ
B [ps —>
6 Apply the Pressure. 4 [1s00 lpsi
m  Click OK from the Pressure PropertyManager. < B
SolidWorks Simulation applies 1500 PSI pressure Tl >
and creates an icon named Pressure-1 in the g o | | |
. LEY_ASSY (Simulation_Criginal #
External Loads folder as illustrated. @;ensor: i
7 Fit the model to the Graphics area. i € Desian Binder
m  Press the f key. View the model in the Graphics 5 ol Sz:tosta oo otz
area. < Front
&y Top
. . . € might
Note: Ifyou change the units after typing a value, SolidWorks 1, origin
Simulation converts the value to the new units. NP G apoatiibesi>cs g
< | >

Q*Study 1 {-Simulation_Criginal _Desig
= % Parts
& [ CH End Cap - 300m STED-1
i [ CH End Cap - 300m STED-1
5 [ iew Part, Acrylic 150m-1 {
= ﬁ; Connections

[+ & Component Contacks

= g:fFixtures

Ej On Cylindrical Faces-1 {iva
= -_i;] External Loads

LU Pressure-1 (:1500 psi:)

@ Mesh
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SolidWorks Simulation SolidWorks Simulation

Creating a Mesh and Running the Analysis

Creating a Mesh is a very crucial step in design analysis. Meshing is basically
splitting the geometry into small, simply shaped pieces called finite elements. The
automatic mesher in SolidWorks Simulation generates a mesh based on a global
element size, tolerance, and local mesh control specifications. Mesh control lets
you specify different sizes of elements for components, faces, edges, and vertices.

SolidWorks Simulation estimates a global element size for the model taking into
consideration its volume, surface area, and other geometric details. The size of the
generated mesh (number of nodes and elements) depends on the geometry and
dimensions of the model, element size, mesh tolerance, mesh control, and contact
specifications.

Meshing generates 3D tetrahedral solid elements, and 2D triangular shell
elements or 1D beam elements. After the mesh is created, you can run the
analysis. SolidWorks Simulation solves a series of equations based on known
material properties, restraints, and loads. The Static solutions provide information
on displacement, stress, and strain.

Before Meshing After Meshing

30 Creating a Mesh and Running the Analysis
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Creating a Compatible Mesh

1 Create a Compatible Mesh

Note:

Expand Component Contact from the Study
tree.

Right-click Global Contact (-Bonded-).

Click Edit Definition. The Component Contact
PropertyManager is displayed.

Click Compatible mesh from the Options box.

Accept the default settings.

Click OK from the Component Contact
PropertyManager. In the next section, start the
Meshing process.

You can also right-click Study 1

and click Properties to set mesh
compatibility. Check the
Improve accuracy for
contacting surfaces with
incompatible mesh box.

Static

Gap/Contact
[ Inciude global friction

implified bonding contact

Edtucy | (Siwipancuaet o NI
= % Parts @ |Bun
& mCH E Update All Components
= [Fore Expott...
=
4 {i E::!:i Trend Tracker
£ &Com[ | Delete
= g:\ﬁ Fixtures
8 onQ Details...
= & External Froperties...
_MPres:_ e
% Mesh | Define Function Curves,

SolidWorks Simulation

T’Study 1 {-Simulation_Criginal_Desigr
= %Parts
i [[¥j CH End Cap - 300m STED-nC
i [¥j cH End Cap - 300m STED-nC
e [ view Port, Acrylic 150m-1 (]
=] ﬁ; Connections
= & Component Conkacks
A7 EEETTm
= g:fFixtures Suppress
B on o e g pofitn)
= Q External Lo - =
LU Pressu
@ Mesh

| Delete

Copy

¢ ® =

| Message A

Select the componentsfbodies to

define a Bonded contact. Mate:

Selecting the top level assembly will

apply a Bonded contack ko all
components,

| Contact Type

O Mo Penetration

(&) Bonded{No clearance)
3 Allow Penetration

»

; Components E3

[] Glabal Contact

| Options |
F (&) Compatible mesh

() Incompatible mesh

[ 1gniore clearance for suface contact

| Options | Adaptive | Flow/Thermel Effects | Remark|
Friction cosfficient: |0.05

%mpmve accuracy for no penetration contacting sufaces [glower)

Creating a Mesh and Running the Analysis
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Creating a Mesh
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Create a Mesh.

m  Click the Run drop-down arrow from the
Simulation tab in the CommandManager.

m  Click Create Mesh . The Mesh
PropertyManager is displayed suggesting
Global Size and Tolerance values.

2 Review the Meshing Options.

SolidWorks Simulation

73

Advisor

fvaluate

Connections

S

[B[g]
Compare|
Results

Results
Advisor

o
o
L= |

Off Run

ﬁ Run Design Scenarios
& Create Mesh 4—

Run Al Studies

®  Expand the Mesh Parameters box. View the

available options.

m  Expand the Advanced box. View the available
advanced options for additional control.

"I;Ie-sh Parameters »-Q-
(%) standard mesh

| Mesh Density
& = |
¥
Coarse Fine

b3

(O Curvature based mesh

[ from ¥ |

Py

& [1r37%emm

A [osesssimm v 2|

|:| Autamatic transition

Advanced N
Jacobian points :4 Hiints v‘n
[Coraft Quality Mesh

[ automatic krials for solid

Remesh failed parts with
incompatible mesh

> |

:"lfl|-:|-l.:i.ons

0 Save settings without
meshing

[CIrun {solve) the analysis
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3 Start the Mesh Process.
B Click OK from the Mesh

PropertyManager. Meshing starts and the
Mesh Progress window appears. After

meshing is completed, SolidWorks

Simulation displays the meshed model. A
green check mark is applied next to

the Mesh folder in the Study.

SolidWorks Simulation

Note: Right-click Mesh. Click Hide — T ,
= g:fletures = 73 Connections J
Mesh/Show Mesh to tOggle the B ©n Cylindrical Faces-1 (iva &Component Contacts jl
IETISTE = [ External Loads o f T !
visibility of the mesh. e 5o & | adisor..
. . . & | Simplify Model For Meshing (= L Exter Fixed Geometry...
. . o
Note: Right-click Fixtures. Click Hide By | Croste vesh... - #Li' RollerSiider...
c g eqe - es
All/Show All to toggle the visibility Mesh and fun Fixed Hinge...
Elastic 5 lsnng
Ofthe 10ads and ﬁXtureS. Failure Diagnostics... = .IC quDr
e Bearing Fixture. ..
_ e Grounded Balt...
1] | pply Mesth0|ntr0I. " Advanced Fixtures,,
Create Mesh Plat...
g Fooh Create Mew Folder
4 Lisk Selecke B
& | Probe | %ﬁ?l!'
- 3 All
e e
Hide %l Contral Symbols Copy
Show All Contral Symbols
Copy
4 Run the Analysis.
. . . 48 1 B &
m Click Run from the Simulation External Connections Run | Results o
Loads...  Advisor Advisor Rc

tab in the CommandManager. Three
default plots are created.

Creating a Mesh and Running the Analysis

sich | Evaluate A Office Products | Simulation

= g:fFixtures
B On Cylindrical Faces-1 (v
(= é] External Loads
LU Pressure-1 (31500 psi:)
% Mesh
= Q Results
o
@l Displacement] {-Res disp-)
&E Strainl {-Equivalent-)
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Viewing the Results

Note: Results may vary depending on the mesh speed.

34

After a successful run of a Static analysis, L’Study 1 {-5imulation_Originl_Desi
. . . . 9% Parts
Sodeor'ks Simulation createg three default plots: " G 4 o~ 300 5700
Stress, Displacement, and Strain. i [ cHEnd cap - 300m 5TED1
. ) . o i [ view Port, Acrylic 150m-1 {
The results are utilized with your design criteria to =173 gnections
. . . i g, Component Contacks
answer the following questions: o s
. . - [ on cylindrical Faces-1 (:
m Will the model fail? é_gger:al i
®  How will the model deform? W pressure-1 (1500 psit)
m C d terial or ch terial B
an you reduce material or change materia o fiesubs
without affecting performance? o

: ﬂl Displacement (-Res disp-)
: he Strain (-Equivalent-)

iSolidWorks | Fis ot Ven et Tods Smision Toohox Window Hep glD-2-@-%-9 [F-8 2--0x
- o 18 73 B = B Desion Insight
Study Ap;y Fixtures External Connections Run | Results R oo @3 Plot Tooks .
Advisor Material Advisor Loads...  Advisor Advisor 8 Restits
- - - - i - 5 w Report
Assembly | Layout [ Sketch [ Evaluate | Office Products | Simulation | 8 %
Wiodel name: LB _ASSY QAYHE-T - - @L-O-
Study name: Study 1
Plot type: Static nodal stress Stress1
Creformation scale: 1
von Mises (Mimm*2 (MPs
528937
485836
L 441736
Q*Study 1 {-Simulation_Criginal_Desig d
= W parts | 397 636
[P H End Cap - 300m STBO-T
Bl . 353535
& [ cH End Cap - 300m STBD-r] i
@--@ Wiew Port, Ackylic 150m-1 ¢ 309435
= T Connections
= g Component Conkacts 265334
2 -#Glnbal Contact (-Bonde 331 234
=] dFixturss
- B on Cylindrical Faces-1 {iva 177134
= & External Loads Y saom
LI Pressure-1 {1500 psic) |
S rresh 56.933
Result
S EResults _ 44832
o
u‘l Displacement1 (-Res disp-) ﬁ 0732
hEStrainl (-Equivalent-)
Under Defined  Edting Assembly 2] &
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View the Results

1 Hide the External Loads. id:wAL
m  Right-click the External Loads folder. =
m  Click Hide All. =
2 View the von Mises Stresses. s [
®  Double-click Stress1 (-von Mises-). The Stress Plot [ on cylindrical Faces-1 {1+

E| @ External Loads

L Pressure-1 (11500 psit)
%Mesh

E} {E] Results

m Click OK from the Stress Plot PropertyManager. Wz

- -wDispI cementl {-Res disp-
i he Strainl {-Equivalent-)

PropertyManager is displayed. Plot units if needed can
be modified from the PropertyManager.

Note: The von Mises stress indicates the internal forces in a body
when subjected to external loads for ductile materials.
Most engineering materials are ductile.

Model name: LBY_ASSY

Study name: Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 1

win Mizes (Minm*2 (MPa))
520937
I 465636
441 736
. 397 B36
. 353535
309435
265334
221.234
177134
. 133.033
68933

44832

0732
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Note:
3
4
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To view the stress plot in a different unit system, right-

click the active plot icon. Click Edit Definition. Set units.

Click OK from the Stress Plot PropertyManager.

Hide the Fixtures.
m  Right-click the Fixtures folder.
m  Click Hide All.

Display a Section View using the Top Plane.

Click the SolidWorks FeatureManager [® ] tab.
Click Top to select Top Plane as illustrated.
Click the Plot Tools drop-down arrow from the
Simulation tab in the CommandManager.

Click the Section Clipping tool as illustrated.
The Section PropertyManager is displayed. Top is
displayed in the Reference entity box.

Check the Show section plane box.

Un-check the Show contour on the uncut portion
of the model box. View the default settings.

SolidWorks Simulation

=-|M| Results
[Nfotressi (vonMises-)
&l Displa Hide

&E Strain
E} _%imate. " |

Advanced Fixbures,

Create MNew Folder

SAERI >
(T~

@ LBY_ASSY (Simulation_Original ]
rﬁl SEnsars
+ @ Design Binder
+ |_£| Annokations
+ |£| Lights, Cameras and Scene

@ Front
o

I.. Crigin

] E Design Insight
JCompare [@g Plot Tools
Results |

% Section Clipping
bn 7‘l @I Isa Clipping
4~ | Probe
‘-@ | List Selected

@ Save As

B> | Animate

v %

Section 1 A
8 B/ ©

()

<& | n.ooooin
[% |0.00deq
[% | 0.00deg

A

[1section 2

«

Options
@@
__> Show section plane

[IPiat on section anly

»

Show contour on the
- _’ [Juncut portian of the

model

[[Explode after clipping

=
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m  Click OK from the
Section PropertyManager.

B Rotate the model as
llustrated with the middle
mouse button to view the
results.

Note: Deformation is magnified for
improved visibility. The
deformation can be displayed at
any scale.

Note: Use the Zoom to Area tool
located in the Heads-up View
toolbar to Zoom in on a section esm@ F-o0-@ 2-0-
of the model.

Zoom to Area
Zooms to the area you select with a
bounding bo.

5 Display an Isometric view.

Click Isometric view from the Heads-up
View toolbar.

QAN MENT-60-@ 8- O-

6 Probe the Model.
B Zoom in on the front EndCap.
®  Click the Plot Tools drop-
down arrow from the
Simulation tab in the
CommandManager.

m  Click Probe . The Probe
Results PropertyManager is
displayed.

Iso Clipping

Probe 4—

List Selected

Save As

Anirmate

Viewing the Results 37



SolidWorks Simulation

m Click five points from front to back as illustrated.

m  Click the Plot button from the Report Options

SolidWorks Simulation

Report Options

»

box. View the results.

Note: Results will vary
depending on the selected

location of the points.

7 Review the Plot.

m Review the plot.
This is an excellent
way to examine the
variation in stress
across the
geometry of your
part.

8 Close the Probe

Results dialog box.

B Close the Probe
Results dialog box.

9 Close the Probe

Result

PropertyManager.

m ClickOK from

the Probe Result
PropertyManager.

38

& Probe Result

o @ g

Plot

il
Mode 5 (6.37,0,80.3 mm)
371 Mimm2 (MPa) |

4 SETE4.D  Mimm*2 (MPs
7 Nimm*2 (MPs
Modd = 1958 Ninm*2 (MPa)hm)
=295.5 MNimm"2 (MPa)

B

File Options Help

Study name: Study 1
Plot type: Static nodal stress Stress]

400007 - IEEEREERRRR R S B SRR

300.00

200.00

von Mizes [NAnm 2 [MPa))

100.00

#0 #1 #2 #3 #4

Location

—+—  von Mises [N/mm”™2 [MPa))

0.0
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10 Deactivate the Section Plot.
m  Click the Plot Tools drop-
down arrow from the
Simulation tab in the
CommandManager.
®  Click the Section Clipping

tool. The Section

PropertyManager is
displayed.
m  Click the Clipping on/off

button from the Options

box as illustrated.

m  Click OK from the
Section PropertyManager.
11 Fit the model to the Graphics
area.
m Press the f key. View the
results in the Graphics area.

12 View the Displacement

SolidWorks Simulation

Design Insight
b_; an Insig
Compare Plot Tools
Fesils | [%
[y | section Clipping
lion I @H Iso Clipping
/ Frobe
E List Selected
i | save as
b Animate
Options &
- E]
Show section plane | §

[#]Plat on section only
Show conkour on
[the uncut portion of

the: model

Explode after
| clipping

Pl

|Clipping on | aff

von Mises (Ninm*2 (MPa)|
528837
I 485835
| aa1 736
. 397636

. 353535

309.435
285.334
221,234
177434

L 133033

83933
44832
0732

Plot.

B Double-click
Displacement1 (-Res
disp-) in the Results
folder. View the plot.

URES (mm)
4426
4.057

| 3683
. 3320
. 2951
2.562
2.214
1.845
L 1478

L 1108

0738
0.370
0.002
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m  Click Next to continue to step 2.
Accept the defaults.

m  Click Next to continue to step 3.
® Click the Areas below factor of safety
box.

m Click OK from the Factor of Safety
PropertyManager. View the model in the
Graphics area.

m  Rotate the model with the middle mouse
button. The area in blue has a FOS above
1. The area in red has a FOS below 1.

m Right-click Factor of Safety1 as
illustrated from the Results folder.

m  Click Chart Options. The Chart Options
PropertyManager is displayed.

Viewing the Results

SolidWorks Simulation

S Factor of Safety

7
o % (€] %

| Message e
=
Step 1 of 3 ]
| cH End Cap - 300m 5TBD-n0 v |
&7 |Max waon Mises Stress b4 |
T yonbfises =1 ‘
| JLz'mz'i
|Property ¥ |

% e e

Step 3 of 3 ]

Factor of safety
o distribution

Areas below Factor of
q Eafety
R
Safety result
Based on the maximurm von

Factor of safety:
0667311

= [EI Results
ﬁ Stress1 {-vonMises-)
&l Displacement] {-Res disp-)
E Strainl {-Equivalent-)

&‘ Factor of Safety] {*4------—taimmmcten
Hide
Edit Definition, ..

% Section Clipping. ..

@ tings. ..
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13 Animate the Displacement Plot.
m  Click the Plot Tools drop-down arrow from the

Simulation tab in the CommandManager.

Click Animate . The Animation
PropertyManager is displayed. View the animation
in the Graphics area.

14 Stop the Animation.

Click Stop [

15 Save the Animation.

16 Calculate the Factor of Safety.

Check the Save as AVI file box as illustrated.
Click the Browse button. Accept the default
location.

Click Save from the Save As dialog box.

Click OK from the Animation
PropertyManager.

SolidWorks Simulation

% Design Insight

Compare l

Plot Tools
Results k
@} Section Clipping

bn [ | 150 Clipping

f Probe
A | List selected
@ Save As
_>D Animate
D A mna D
o R
Basics ]
i (m
. L3
mm Stop
.,
i} J 1]
Save as AVI file A
CiDocuments and Settir
[ wiew with Media player

Right-click the Results folder.
Click the Define Factor Of Safety Plot

tool. The Factor of Safety
PropertyManager is displayed.

Select the first CH End Cap component as
illustrated from the drop-down menu.

/1'

= ;] External Loads L

4

LU Pressure-1 (:1500 psis) b

%Mesh ‘
—I@S ‘7 Advisor.,
B
B

&f( .Ijefine Factor O Safety Plot..,

ﬁl Define Displacement Plat...

Solver Messages. ..

ine Stress Plot...

Select Max von Mises Stress from the

drop-down menu as Criterion. Note your

: L ¥ R
options for Criterion.

Message

Step 1 of 3

1

¥

A
L~
CH Erd Cap - 300m 5TED-no K7

CHEnd Cap -
h CHEnRd Cap -
The View Pork, Acrylic ISDm 1-5plit LineS

300m STED-no kab-revf-1-Cut-Extrudel
A0m STED-no tab-revf-S-Cut-Extrude

Step 1 of 3 ]
CHEnd Cap - 300m STED-no %

E? Automatic _bv

The [Max von Mises Stress k

Max Shear Stress (Tresca
Mohr-Coulomb Stress

[Maz Mormal Stress
Jautomatic

Mohr- Coulomb used for brlttle
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Note:
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m  Check the Show min annotation box. Accept the
defaults settings. View the results in the Graphics

arca.

m Click OK from the Chart Options
PropertyManager. View the results.

B Rotate the model with the middle mouse button.
View the area in red. The area in red has a FOS
below 1. The area in blue has a FOS above 1.

The minimum FOS is 0.67. You did not meet the design
goal, which is to obtain a FOS greater than one. In the
next study, add structural ribs to the EndCap to obtain the

design goal.

SolidWorks Simulation

Display Dptions ~
Shows min annotation
%Show max annotation
Show plot details
il Show Min/Max range on
shown parts only
Position/Format =
%o
%o
:Iﬁ? !Floating w |

ml:  la

Use 1000 Separataor {,)

BEiselidWorks |j Fle Edt Vew Iset Tods Smuaton Tookox Window e QLD BN R S R ' | T o

s o i L [
Study A._I Fixtures External Connections Run | Results
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2 [ I A
CLI—
) LBV _ASSY (Simulation_Original &

(] sensors =
ER @ Desion Binder

# [A] Annotations v
< I 3
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= [l Results
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Solidvorks Premium 2010

[T Wodel [ Wofion Study - Defaull ]

Model name; LBY _ASEY
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