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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

m  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




Hands on Test Drive SolidWorks Simulation

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



SolidWorks Simulation Hands on Test Drive

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
9 P HeIE_I:SIIJ'L;*?vH'T‘ﬁ
SolidWorks has a comprehensive Home help Page @/ Ssolidworks 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



SolidWorks Simulation

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



SolidWorks Simulation SolidWorks Simulation

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.
m 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.

m  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
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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 .
m 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

m  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
&G eneral -
Mo, of decimal places:i3 :

- |

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
. Name Al
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
m  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.

m  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
;'Ej “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 thlS SeCtlon, addI‘GSS an On |§| Fixed Hinge |@| Circular Symmetry
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

2

Show preview

[} W
Symbol Settings ~

e
il o |2

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

Applying Loads 29
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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

31



SolidWorks Simulation

Creating a Mesh

32

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

m  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.

Note: Right-click Mesh. Click Hide

= g Fixtures = T2 Connections J

Mesh/Show Mesh to toggle the B on Cylindrical Faces-1 (va &, Companent Contacts ]
et e = [ External Loads o of T -
visibility of the mesh. e Go & adisor...
. . . . . @ = | Simplify Model For Meshing = i‘ Eacl Fixed Geometry...
Note: Right-click Fixtures. Click Hide v [ %Jﬂi' Reoller/Sider ..
e eq eqe B Mes
All/Show All to toggle the visibility Mesh and Run Fixed Hinge...
lasti
Of the 1oadS and ﬁXtureS. Failure Diagnostics. . =

Bearing Fixture. ..

Details,.. Grounded Balt,..

Apply Mesh Contral...
Create Mesh Plot...

Advanced Fixtures..

Create Mew Folder

@ List Selected .
A | Probe L ..ﬂ:lgf_"'!.
- Shitsw All
Hide Mesh
. Hlde 0 Control Symbiols Copy

Show All Contral Symbols

Copy
4 Run the Analysis.
. . . 48 1 B &
m  Click Run . from the Simulation External Connections Run | Results -
. Loads...  Advisor Advisor
tab in the CommandManager. Three . . e A
default plOtS are created. etch | Evaluate £ Office Products | Simulation
V4
=l 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-)

Creating a Mesh and Running the Analysis 33
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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
1 1 5 . 9% Parts
Sodeor'ks Simulation createg three default plots: " G 4 o~ 300 5700
Stress, Displacement, and Strain. @ [P End Cap - 300m 5TED-
. ) . 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? L Pressure-1 (11500 psin)
m C d terial or ch terial =
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

36

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
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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

Viewing the Results
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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

m E Design Insight

foompare E Plot Tools. kl

Results 7 i
@} Section Clipping

bn [ | 150 Clipping

f Probe
A | List selected
@ Save As
_>b Animate
D A mna D
o R
Basics ]
(1) (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.

)

;] External Loads L

4
L Pressure-1 (:1500 psit) :

% Mesh

o Res e

= @ E ‘7 Advisar, ..
B
s

-Ex nljefine 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

: . ¥ R
options for Criterion.

Message

Step 1 of 3

CH Erd Cap - 300m 5TED-no K7

1

2

A/

CH End Cap - 300m STBD-na tab-revf-1-Cut-Extrudel

h CHEnRd Cap -
Tce View Pork, Acrylic ISDE-I-SpIit Lines

A0m STED-no tab-revf-S-Cut-Extrude

Step 1 of 3 ]

CHEnd Cap - 300m STED-no %
T
E Automatic

' v
[Max von Mises Stress

Max Shear Stress (Tresca k
Mohr-Coulomb Stress

[Maz Mormal Stress
JAutarmatic

stress s ToT T T T
Mohr-Coulomb used for brittle,
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Click Next to continue to step 2.
Accept the defaults.

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

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

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.

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

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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Note:
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®  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
Advisor | PPV Advisor Loads...  Advisor

Assembly | Layout | Skelch | Evaluate | Ofice Products | Simulation [

2 [ I A
CLI—
) LBV _ASSY (Simulation_Original &

(] sensors =
ER @ Desion Binder

# [A] Annotations v
< I 3

Gt Study 1 (-Simulation_Original_Desig
= @parts
& [¥ cHEnd Cap - 300m 5TED-r
i [ cHEnd Cap - 300m 5TED-r
& [Fview Port, acrylic 150m-1 ¢
= T3 Connections
= JBL Component Contacts
7 Global Contact {-Bonds
=) g Fixtures
(T on cylindrical Faces-1 (val
= Al External Loads
LU Pressure-1 (11500 psit)
fiMech
= [l Results
[0 Stresst (-vonbises-)
[ Displacement! (-Res disp-)

[R5 Straint (-Equivalent-)

| {NFactor of Safety] (-Ma:

Solidvorks Premium 2010

[T Wodel [ Wofion Study - Defaull ]

Model name; LBY _ASEY

Study name: Studly 1

QA @E- J-ov-@R-0-

Plot type: Factor of Safely Factor of Safety
Criterion : Max von Mises Stress
Red= FOS=1 =Blue

1
m
¥

=

REDEE

¥ Study 1

Under Defined  Editing Assembly. (2]
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Creating a SolidWorks :
eDrawings File Save As ?X)

Sevein | £ SeaBoth LBVI50-Study 1 ¥ o2 e E

You can save result plots in

the SolidWorks eDraWings®
format. The SolidWorks
eDrawings application
provides a facility for you to
animate and view your
analysis results. You can rotate
and zoom SolidWorks
eDrawings using the
eDrawings viewer. The
eDrawings files are self-
viewing, small, and hence
convenient to send via email.

File name

| Save

Save as type ieDrawmga Files (*analysiz.easm) v ‘ I Cancel ]

Creating a SolidWorks eDrawings File 43
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Creating a SolidWorks eDrawings file

= {:‘Fixtures
1 Create a SolidWorks eDrawings file. | QEO“ICE““‘;”“‘ bEe=lilig
. . = xkernal Loads
m  Double-click Stress1 (-von Mises-) from the Results LUl Pressure-1 (:1500 psis}
%Mesh
fOI-der' = E]Results
®  Click the Plot Tools drop-down arrow from the g onbizes)
. . . Diispl. £L (-Res disp-)
Simulation tab in the CommandManager. &ESi:iZI (,::wala:i) 'sp
@Factur of Safety1 {-Ma

m  Click Save As . The Save As box is displayed.
B Select eDrawings Files for Save as type. Accept the
default name and location.

Design Insight

Plot Tools %

Section Clipping

i1
@D Iso Clipping
/ Probe
é List Selected
@ Save As
B> | Animate
m  Click Save. —
Save As E‘El
Savein | £ LBY_4557-Study 1 M O F e E-
i)
Myl;\(;.cent
Documents
F.E}
Desktop

My Documents

=1
']

s
My Computer
File name: ] -Stress v
‘t} Save as type: eDrawings Files [*.analysis.easm]
N

My Networlk
2 Publish a SolidWorks ——T —r—
D . |—Fﬁ—| Edit WView Insert Tools Simulation
eDrawing. & a—
m  Click File, Publish eDrawings File 2 oen.
&l

from the Menu bar menu. The Save 5

Configurations to eDrawings file dialog box 8 o ey

. d layed % Make Assembly From Assembly

is disp )

2@ | Publish eDrawings File
Q Save

44 Creating a SolidWorks eDrawings File
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B Accept the default settings. Click OK from
the dialog box. View the eDrawing.

m  Click Play El View the eDrawing.
m Click Stop[®]

SolidWorks Simulation

Save Configurations to eDrawings file

@ Current configuration
O all configurations
() selected configurations:

[Coefault
[Jsimulation_criginal_Design

Saving additional configurations may increase
save time and file size.

[ OKH [ cancel | [ help

@ File Wiew Tools ‘Window  Help

%Bﬁ&@@

Open Save Print... Send Help
Q Q Q@ g $ | @
=
Zoom it Zoom Area Zoom Rokate Pan Shaded
Previous  Stop Text P Measure  Section  Stamp

Continuous Play

[

==l x|

Perspective | Select ‘ Home Mass Props

| =|@ DRAWINGS® / @

Creating a SolidWorks eDrawings File
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View the Stress1 (-von Mises-)

Plot.

m Click File, Open from the
Main menu in eDrawings.

Lockin: | £ LEV_ASSYStucy 1

SolidWorks Simulation

+E SolidWorks eDrawings Professional 2010

Wiew Tools  Window Help

& Open...
Tve

Save As...

402 m

|

aLBV_ASSV—Study 1-Results-Stress 1, analysis. zasm:

File name:

Files of type: |eD|awmgs Fils (" eprt.”.aasm,” edm.”. sprts, v‘

( |

[ Cancdl |

Open

[[] Open as iead-only

®  Double-click the LBV-
ASSY-Study 1 in the saved
study folder. View the
eDrawing for the von Mises
Plot. T
m  Click Play El View the My
eDrawing. )
m  Click Stop El o
m Close the eDrawing and F
return to SolidWorks a
Simulation. web Fold
m  Click No. Do not save the
eDrawing.

@ File Wiew Tools ‘Window Help
Open Save Print... Send Help
i 73l

Qa q 2 ¢ @
: ZoomFit  Zoom Area Zoom Rakate Pan Shaded
< m B> s L
Previous  Stop Mext Flay Measure  Seckion  Stamp
® © &
|m Move Eoplode
— | 5 @ LEBY_ASSY-Study 1-Results-Stress”
|@ %y CH End Cap - 300m STBD-na |
|7 %, CH End Cap - 300m STBD-no|
— By View Port, Acrylic 150m-1
-a
Ll
&
@
@ & Il | ]

R

Select

&

Perspective

@

Home

L

Mass Props

_ =|@ DRAWINGS® / @

46
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Generating a Report 5 |
E Design Insight
The Report utility generates an Internet-ready or R R S DS

. ® . . Result  Results @
Microsoft™ Word document convenient for review by i

colleagues and supervisors. The report describes all
aspects of the analysis including material properties,
applied restraints and loads, and the results.

Simulation

SolidWorks Simulation generates reports in HTML format and Microsoft Word
format.

Stress analysis of LBV_ASSY

Author: John Smith
Company: XYZ

Note:

Do not base your design decisions solely on the data presented in this report. Use this mformation in
conjunction with experimental data and practical expenence. Field testing is mandatory to validate your final
design. Simulation helps you reduce your titne-to-market by reducing but not eliminating field tests.

Contents

Cover Page
Description
Assmnptions

Model Information
Study Properties
Units

Material Properties
Loads and Restraints
Connector Definitions
Contact

ar 1 T .

R

-
=

.
.

@;’] Done _J My Computer

HTML Format

Generating a Report 47
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Generating a Static Study

Report

48

1

Generate a Static Study
Report.

Click Report
from the Simulation
tab in the
CommandManager.
Select Contemporary
for Report Style.
Check the Author
box.

Enter a value for
Author.

Check the Company
box.

Enter a value for
Company.

Scroll through the
included sections
list. View your
options.

Check the Show
report on publish
box. Accept the
default settings.

SolidWorks Simulation

o ] E Design Insight
Deformed Compare @3 Plot Tools -
Result  Results
@ Report
Simulation
Report Options rz|
Current report format:  Default
Report Format settings
Report skyle: Conkemparary h

Available sections:

Included sections:

—
Remave

Assumptions —
Model Information
Study Properties

nits

(4

Section properties

Mame: | Cover Page |
Comments: | 15
[(ioga: |
Author: | John Smith  —— |
Company: | %z <4+— |

Docurnent settings

Report path: | CiiDocuments and SettingsimplanchardiiMy Docun H Browse. ..

Report name: | LBY_ASSY-Study 1-1

Show report on publish
Publish as: (CIHTML

_b Publish ] [ Apply

() word

] [ Cancel ] [ Help

Generating a Report
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2 View the Result.

m  Click the Publish 1
button. Microsoft |St1‘ess~mluh'sis‘0f~M—Testﬂ
Word opens and the
report is displayed.
Review the contents el
of the report. Note ' I
Result plots are Tt . .
included. > T :
Assamptions . %
3 Close the Report. Sl i Lo 1
m Close the report by : . i
exiting Microsoft - — 1
Word and return to e o 1
. i - |
SolidWorks B 5 3
Simulation. The e - y
Report folder is : - =
displayed‘ %Study 1 {-Simulation_Original_Design-)
=l %Parts
Note. RepOI‘tS can be fully = EjCH End Cap - 300m STED-no tab-revf-1 (-AISI 1020-)
) . =] Eﬂ CHEnd Cap - 300m STED-no tab-revf-5 {-AISI 1020-)
Customlzed to your £l @View Port, Acrylic 150m-1 {-[SW]acrylic (Mediurm-high impact)-
requirements. SR enedion

= @ Component Conkacks
# Global Contact {-Bonded-)
= g:\gFixtures
B On Cylindrical Faces-1 (;variable:)
= ;_i;]ExternaI Loads
LU Pressure-1 (31500 psis)

% Mesh
= 1] Repork
/‘ I study 1-1

- {[ Results
@ Stress1 {-vonMises-)
E‘ Displacement] {-Res disp-1
&E Strainl {-Equivalent-)
@ Factor of Safetyl {-Max von Mises Stress-)
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Analysis 2 - Static Study 2

50

In Study 1, the reports showed critical areas where
the factor of safety was less than one.

As a designer, you must decide how you can
increase the factor of safety.

® Do you change the material?

B Do you modify the existing model?

®  Should you re-evaluate the restraints and
loads?

In this section you will:

B Modify the EndCap in the Housing assembly.
Add ribs to the EndCaps to increase the
structural integrity of the Housing. (Due to
limited time today, you will simply
Unsuppress the ribs from the SolidWorks
EndCap FeatureManager.)

Copy information from Study 1 to Study 2.
Mesh and Run the new analysis.

View the results of Study 2.

Compare Stress and FOS Plots between Study
2 and Study 1.

SolidWorks Simulation

pAERL >
T~
\<§\ Front S
&y Top
%> Right
I.. Crigin

8y () Support Tube<t > (COSMOS)
& (F) FLOAT4s=1 >
Wy (F) view Port, Acryvlic 150m=1> -3 (C
= %8 (F) CH End Cap - 300m STED-na tab-r
| (%] Mates in LBY_ASSY
) Sensors
- |A] Annotations

3= Material <not specified:>

%y Planet

% Planez

% Planed

I.. Crigi
[+ 6?3 Base

&y Pland (= z

)

'-‘\glj e —
Wy (ymusaf |
S8 () Backp
.{%] () &t Fl é Delete. ..

Parent/Child...
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Creating Analysis 2 - Static Study 2
1 Create Study 2.

Note:

SolidWorks Simulation

Right-click the Study 1 tab in the bottom
section of the Graphic area as illustrated.

Rename E

Delete

Create Mew Mation Study
Create Mew Simulation Study
Create New Design Study

Click Duplicate. The Define Study
Name dialog box is displayed.

Enter Study 2 for Study Name.

Click OK from the Define Study Name
dialog box. Study 2 is displayed.

Study 2 is a copy of Study 1.

2 Modify the EndCap Part.

Click the Model tab at the bottom of the
Graphics area.

Expand CH EndCap - 300m STBD-no tab-
revf.

Right-click CirPattern1.

Click Unsuppress from the Context
toolbar. The Housing with the ribbed
EndCaps is displayed in the Graphics area.
Both instances of this part are updated.
Rotate the model with the middle mouse
button to view the unsuppressed ribs.

3 Return to Study 2.

Click the Study 2 tab at the bottom of the
Graphics area.

Analysis 2 - Static Study 2

Model

Motion Study - Defaull

Define Study Name g|

Study Mame :
Study 3

Eonfigura%n to uge:

Simulation_Original_Design R

][ Cancel ][ Help

iDK

T

A

[3 StudyT] s Study2 ||

e % (F3 Wiew Port, Acrylic 150m<1 = -= (COSM

=¥} (F) CH End Cap - 300m STED-no tab-revF-
[+ (%] Mates in LBY_ASSY

‘-Q_l Sensors

(4]
8= Material <not specified:>
% Planet
% Planez
% Planed

I.. Crigin —
7 (1@ |
[+ 65 Base-R: @lI I
L =
<>‘ Pl.ane? = Unsuppress
-[[§ RibsE

Invert Selection

Annotations

) [[@] cut-Ex
bl |Feature (CirPattern1)
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4 Review Study 2.

m  Review Study 2. The material and Load/
Fixture information from Study 1 is copied to
Study 2. Since the geometry changed, Mesh
the model and Run the analysis again.

Create a Compatible Mesh

® Expand Component Contact from the Study 2

tree.

m Right-click Global Contact (-Bonded-).

m  Click Edit Definition. The Component Contact
PropertyManager is displayed.

® Click Compatible mesh from the Options
box. Accept the default settings.

m Click OK from the Component Contact

PropertyManager.

SolidWorks Simulation

? A study 2 (-Simulation_Criginal_Design-)
+ % Parts
= ﬁ; Connections
[+ @ Component Contacks

(=] g:fFixtures

B On Cylindrical Faces-1 (;variable:)
= '_i_] External Loads

L Pressure-1 (21500 psit)

@ Stressl {-vonMises-)
@l Displacement] {-Res disp-1
&E Strainl {-Equivalent-)
&:‘ Factor of Safetyl {-Max von Mises Stress

f A study 2 (-Simulation_Criginal_Design-)

L Pressure-1 (11500 py Delete
%&Mesh
[ |&@|Report Copy
¥ =
Message #

£2] % Parts
= ﬁ; Connections
= @ Component Conkacts
A7 W—S"
= g:f Fixtures LUPPress

B On Cylindrical Faces

Edit Definitior,
=) & External Loads -

Select the componentsibodies to define
a Bonded contact, Mote: Selecting the
top level assembly will apply a Bonded
contack to all components.

I | |

;.Eontact Type
O Mo Penetration
(%) BondediMo clearance)

() llows Penetration

| Components
[ Global Contact

@ 5

3

Dptions
(&) Compatible mesh

-3

Otvcompatible mesh
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6 Mesh the Model.
m  Click the Run drop-down arrow from
the Simulation tab in the
CommandManager.

m  Click Create Mesh .

m  Click OK to the message, “Remeshing
will delete the results for study: Study
2.” The Mesh PropertyManager is
displayed suggesting Global Size and
Tolerance value.

1 E Remeshing will delete the results For study: Study 2,
L

SolidWorks Simulation

2
: i
Run | Results Coﬂare
Advisar Results

- -
@ Run Il
ﬁ Run Design Scenarios

& Create Mesh
Run All Studies

—M Cancel
7 Start the Mesh Process. I
m  Check the Mesh Parameters box. View your S el
options. —
B Check the Run (solve) the analysis box.
Mesh Density ]
®  Click OK from the Mesh PropertyManager. B 0
Meshing starts and the Mesh Progress window Coarse Fine
appears. View the results in the Graphics area.
Mesh Parameters A
(%) standard mesh

Analysis 2 - Static Study 2

(O Curvature based mesh

]

.

[11.3798mm

> B

[ 0.568981mm

|:| Automatic transition

Advanced A

Jacobian points iL4p0ints VJ

[CJoraft Quality Mesh
[ automatic trials for solid

0 Remesh failed parts with
incompatible mesh

Options

=

0 Save settings without
meshing

Run (solve) the analysis

H
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8 View the Results Folder.
m  Expand the Results folder.
9 View the von Mises Stresses Plot.
®  Double-click Stress1 (-von Mises-). The von
Mises stress plot is displayed. View your
options.

m Click OK from the Stress Plot
PropertyManager.

SolidWorks Simulation

? Study 2 (-Simulation_Original_Design-J
g Parts
E!ﬁ; Connections
Bé Component Contacks
B # Global Contact {-Bonded-)

g:f Fixtures
B On Cylindrical Faces-1 (;variable:)
{g External Loads
- Ll Pressure-1 (:1500 psit)
: % Mesh
Ei] Repork

SE[=Results|

ﬂ Stress1 (-vonMises-)

ul Displacement] {-Res disp-)
he Strainl {-Equivalent-)

ﬁ( Factor of Safetyl (-Max von Mises Stre

Model name: LBY_ASSY
Study name: Study 2
Plat type: Static nodal stress Stresst

won Mizes (Mimm*2 (MPa))

336.788
308857

L 280925

. 252992
225060
197125
169196
141 263
11353
5389
a7 467
29535

1602
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10 View the Factor of Safety.
B Double-click Factor of Safety1 (-Max = [External Loads

. - Pressure-1 (:1500 psic)
von Mises Stress-). - riesh

m Rotate the model to view the blue surface. |# %REDDT
= fa| Results

The blue area displays a FOS above 1. O Stress1 (-vontises-)
ﬁl Displacement] {-Res disp-
. L : &E Strainl {-Equivalent-)
NOte' The minimum FOS 1S now 1 02 ﬁ‘ Factoy, of Safety1 {-Max von Mises Stress-)

|

hdin: 1.02

11 Compare Study 2 to Study 1.

B 7] >
m  Click Isometric view | @ | from the — : —_—
. @ \:BV_ASSV Simulation_Original_Design < <Simulation|
Heads-up View toolbar. (] sensors
. . . [ €3 Design Binder
. Clle (f) VIeW POI"t m the ] mnnnﬂtatlnns
FeatureManager, |ﬂ-{2:g_>\| E:::, Cameras and Scene
m  Hold the Ctrl key down. .
m  Click the second CH End Cap - 300mm L, orgn
9 (-} Support Tube <13 (COSMOS)
component. Both components are B (F) FLOATHs <1 >
=] ort, crylic 150m <1
selected. 8 () CH End Cap - 300m STBD-n0 taberevf<Lo» {
m  Release the Ctrl key. Yo

Wy () MLI03-Bet >

: : A %, (-} Backplnl <1 (Dafault)
| nght-Clle Hide com ponents from 5 (-} Aft Floatation <1 (Default)
-'@) (-} Float-Plastic Frame <33 (Default)
the ConteXt tOOIbar' '\?g () Float-Plastic Frame<1> (Default)
m  Double-click Factor of Safety1 (-Max %E';:ums - %\%@IP S
; ) Bumy || la
von Mises Stress-). B () Handl €, @ -
) B O R
m Click OK from the PropertyManager. @ % s IR |mvetsdecin

The two components are hidden in the R T

Graphics area. View the single CH End | {&iResuits

w Stress1 (-vonMises-)
Cap‘ ﬂl Displacement1 {-Res disp-)
5 hgstrainl ({-Equivalent-)

5 @lfj:i:m of Safety1 (-Max von Mises Stress-)
1

Analysis 2 - Static Study 2 55



SolidWorks Simulation

56

m Rotate the model and view the results.

SolidWorks Simulation

hdin: 1.02

Click Compare Results from the
Simulation tab in the CommandManager. The
Compare Results PropertyManager is displayed.
Both Study 1 and Study 2 are checked. fon

E Design Insight

Compare @3 Plot Tools -
Results

Ix w Report

S
FF:ompare Results

Lt Compares mulkiple results side-by-side.

Click the Manually select results to view box.
Un-check the Displacement1 and Strain1 box under
Study 1.

Check the Stress1 and Factor of Safety1 box under
Study 1.

Check the Stress1 and Factor of Safety1 box under
Study 2.

Click OK from the Compare Results
PropertyManager. View the Graphics area. The two
Studies are displayed.

B 7 (12

R

Options

b3

o) Compare selected result
across studies

Wiew mulkiple results of
O P

current study
\) Manually select results to

g

Stressl ~
[ bisplacement1 1
[ straint

Factor of Safetyl
= Study 2

Stressl

[ bisplacement1

7 Use settings from this plat
for plots of the same type:

| Study 1::5kress1 R
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Wodel name: LBY_ASSY
Studly name: Study 1
Piot type: Statie nodal stress Stress1

QLA B B o

e

von Mises (N2 (hFs]

529.857

485836

L 441736

. 397836

. 353535

L 309435

| 285334

| 22123

L 177434

L 133033

88.933

44832

0732

Wiodel name: LBY_ASSY
Studly name: Study 2
Piot type: Statie nodal stress Stresst

%

oL

“von Mises (Rimm

336788

| 141263
L 113331

L 85389

57457
29535
1502

Model name: LBY_ASSY
Stuely name: Study 1

Plat type: Factor of Safety Factor of Safety!
Criterion : Max von Mises Stress

Red< FOS=1 <Ble

v

L

hin: 057

Model name: LBY_ASSY
Stuely name: Study 2

Plat type: Factar of Safety Factor of Safety!
Criterion : Max von Mises Stress

Red < FOS =1

< Blue

in: 102

[T Todel T Totion Study —Defsull ] iy Study 1

W Sd

2]

m  Click the Exit Compare button in the
Compare Results dialog box. Study 2 is

displayed in the Graphics area.

®  Double-click Stress1 (-vonMises-) from
the Results folder. View the Graphics area.

m  Click the Model tab at the bottom of the

Graphics area to return to SolidWorks and to
displayed the Assembly FeatureManager.

Analysis 2 - Static Study 2

? Study 2 (-Simulation_Original_Design-
.$_| % Parts
= ;Connections
+ & Component Conkacks
(= g:fFixtures
B On Cylindrical Faces-1 {;variat
(= @ External Loads
L Pressure-1 (21500 psit)
% Mesh
[+ ;i] Report
=] Reesulks

-
mentl {-Res disp-)
&F Strainl (-Equivalent-)
@‘ Factor of Safetyl {-Max von I

LR R
Solidworks Premiumbaf10

Wodel | Mofion Study - Defan
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12

Return to Study 1.

. Wl4] » N] Model ] Motion gtudg—Default ﬁstuﬁ1 g Studx2
Cth the StUdy 1 tab at the Solidwiorks Premium 2010

Click (f) View Port in the

SolidWorks Simulation

FeatureManager.

Hold the Ctrl key down.
Click the second CH End Cap
- 300mm component. Both
components are selected.
Release the Ctrl key.
Right-click Show

components from the
Context toolbar. The

components are displayed in a

£l

%8, (-) Suppart Tube <1 (COSMOS)
B, (F) FLOATs<1>

& F) View Part, Acrylic 150m < . |
) (F) CHEnd Cap - 300m STED-no tab
By (-) ML304-B<1 >

Wy () ML303Bl

W, (-) Backplnl <1 (Default)

Wy (- At Floakation=1: (Default)

& (-} Float-Plastic Frame <33 {Default]
8 (-} Float-Plastic Frame <1 {Default]
& (-} Bumper Side, Plastic BEvh=1 = (T bl

& (-) Bumper Side, Pla

B |

@@ MateGroupl

B2 (@lar) e § b er
% () Handle, LBN<1> & K
b (-} CHEnd Cap - 30]

t& Invert Selection

the Graphics area.

bottom of the Graphics area.
Study 1 is displayed.
Double-click Stress1 (-vonMises-) from the
Results folder. View the Graphics area.

Click OK from the PropertyManager.

Click Compare Results from the
Simulation tab in the CommandManager. The
Compare Results PropertyManager is
displayed.

Click the Manually select results to view
box.

I+

||} Report

1= {El /M Results

ﬁ Stress1K-vonMises-
w Displacemeht] {-Res disp-
&F Strainl {-Equivalent-)

T

Eg‘ Factor of Safetyl {-Max von Mises Stress-)

- \ ] & Design Insight

Deformed Compare @g Plot Tools -
Result  Results
@ Report
Simulation
Dpare Resuits

Un-check the Displacement1 and Strain1 box ¢ X

under Study 1.

Check the Stress1 box and Factor of Safety1

box under Study 2.
Click OK from the Compare Results

PropertyManager. View the Graphics area. The

two Studies are displayed.

| DOptions

A

studies

study

o) Compare selected result across
Wiews mulkiple results of current
@) P

(&) Manually select results to visw

Stressl

[ bisplacement1
[ straint

Factor of Safetyl
udy 2

Stressi
Displacement 1
Strainl

| Study 1::5kress1

~

0 Use settings from this plot For
plots of the same bype:

v
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m  Click the Exit Compare button in the Compare Results dialog box. Study 1 is

displayed in the Graphics area.

jodel name: LBV _SSY
ucly niame: Study 1
lot type: Static nodal stress Stresst

Exit Compare. A

]

QAasHE @ o @8O

von Mises (Ninm*2 (MPa))]

529.837

485,536

441,736

397636

353.535

| 309.435

265.334

221.234

| 1773

133,083

83933

44832

0732

Model name: LEY_ASSY

Studly name: Study 2

Plot type: Static nodal stress Stresst

A

von Mises (Ninm

&

18919

141,263
113.331

85309

57467
29535
1,602

fodel name: LBY_&SSY

ety name: Sty 1

lot type: Factor of Safety Factor of Safety!
riterion : Max von Mises Stress

ed < FOS =1 <Blue

Model name: LBY_ASSY

Sty name: Study 2

Plot type: Factor of Safety Factor of Safety!
Criterion ; Ma von Mises Stress

Red= FOS=1

[T 1 [ Weger [ Woton Study - Defaut |

olidvorks Premium 2010

Under Defined

13 Save and Close the Model.

m  Click Save .

m Click File, Close from the Menu bar menu.

Note:

EndCap provided an FOS greater than one.

Analysis 2 - Static Study 2

Your design goal is complete. The structural ribs in the

|_ File | Edit View Insert
| News...

i L_‘? Open...
J | Close
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SolidWorks Simulation Conclusion

During this short session on using SolidWorks Simulation, you have had a brief
exposure to the main concepts of static analysis. Integrated within SolidWorks 3D
mechanical design software, SolidWorks Simulation allows you to update all of
your design changes automatically and to become immediately productive using
familiar SolidWorks functions and commands.

Compare alternative designs easily and quickly. SolidWorks Simulation lets
you study different design configurations created with SolidWorks software and
choose the optimal design for final production.

Study the interaction between different assembly components. SolidWorks
Simulation provides powerful tools for you to study and optimize assemblies.

Simulate real-world operating conditions. SolidWorks Simulation includes
several types of loads and restraints as well as part-to-part contact to represent
real-life situations. All loads and restraints are associative with the geometry and
automatically update with changes in your design.

Automate analysis tasks. SolidWorks Simulation utilizes a number of
automation tools to simplify the analysis process and help you to work more
efficiently.

Interpret analysis results with powerful and intuitive visualization tools.
Once you have completed your analysis, SolidWorks Simulation offers a variety
of results visualization tools that allow you to gain valuable insight into the
performance of your models.

Collaborate and share analysis results. SolidWorks Simulation makes it easy
for you to collaborate and share analysis results effectively with everyone
involved in the product development process.
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SolidWorks Simulation Professional

When you complete this chapter, you will have experienced the power and
capabilities of SolidWorks® Simulation Professional, including:

The benefits of Thermal analysis, Drop Test, Optimization, and Fatigue
analysis.

The ease of use of SolidWorks® Simulation Professional to explore design
iterations using Trend Tracker.
The steps for performing upfront analysis on your designs.

The integration between SolidWorks® Simulation Professional and
SolidWorks.

The results of cost savings by avoiding field failures and eliminating the
prototype bottleneck.

The ability to document your analysis findings automatically.

The method to update your assembly based on the analysis results.

Time: 35 - 40 minutes
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SolidWorks Simulation Professional

In the first part of your analysis, you utilized SolidWorks Simulation to perform
two static analyses on the Housing. Next, you will use applications available in
SolidWorks Simulation Professional to continue your investigation. SolidWorks
Simulation Professional combines all of the features of SolidWorks Simulation
plus additional software analysis applications. SolidWorks Simulation
Professional includes:

Static analysis of parts and assemblies

Drop Test simulation

Frequency and Buckling analysis

Fatigue analysis

Optimization performance

Pressure vessel analysis

Thermal analysis

Trend Tracker to document design iterations

In this second part of your analysis, you will perform the following studies:

62

Thermal analysis to determine the heat dissipation from the EndCap
surrounded by seawater.

Drop Test simulation of the Housing from a height of four feet.
Optimization to find the best combination of EndCap thickness and Rib
thickness to minimize the mass.

Fatigue analysis on the 3 Finger Jaw.

Housing 3 Finger Jaw

SolidWorks Simulation Professional
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Trend Tracker Analysis

When you complete this chapter, you will have
experienced the power and capabilities of the
trend analysis feature inside SolidWorks
Simulation Professional.

B Trend analysis allows you to track the
changes that were made to your designs in a
systematic way.

m It helps you to compare the various design
changes and understand why and how your
changes were better or worse than your
previous designs.

m [t provides complete and automated
documentation of the analysis changes
throughout your design cycle.

Unit zypstemn

(& 51 [MES)

() English [IPS)

O Metric [G)

Uitz

Length/Dizsplacement:
Temperature:
Angular velocity:
Prezsure/Stress: M 2[MF

You will start by performing a trend analysis on T

the housing components of the SeaBotix LBV 150 i G parts
assembly. This is the same asgembly that you ﬁ gz::;;nt Cortacte
analyzed before using the static analysis feature = b Fixtures

Ej Restraint-1 {:variable:)
(= @ External Loads
LU Pressure-1 (:1500 psis)
[+ |£ Trend Tracker (-Iteration 2-)
% Mesh
= El Results
5
e & Displacement] {-Res disp-1
& Strainl {-Equivalent-)

inside SolidWorks Simulation.

O

Time: 15 - 20 minutes
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Open the Housing_Assy Assembly.

m  Click Open from the Menu
bar toolbar.

B Double-click the LBV_Assy from
the SeaBotix\SolidWorks
Simulation
Professional\TrendTracker folder.
The LBV_Assy is displayed.

View the Trend Study tab in the
bottom section of the Graphics area if
SolidWorks Simulation is active.

If required, activate SolidWorks
Simulation.

m  Click the Options drop-down
arrow from the Menu bar toolbar.

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

is displayed.

m Check the SolidWorks Simulation box.

m Click OK from the Add-Ins box.

You don't have to activate SolidWorks

Simulation if your SolidWorks Simulation is

already added in.

To display the Simulation Advisor
CommandManager, check the Run
Simulation Advisor box under
Simulation System Options.

SolidWorks Simulation

Y Look in: | £ TrendTracker vio T @
|E)Firished
ggis;'g | ¢ LB_ASSY.5LDATM
€
Deskiop
My Documents
A File name: |+ 5.0ASM ¥ [Coeen o)
N Files of type: |
Favarites =
Description;  <Hone>
< 2
o~
My Netwark
Places

Housing_Assy

i=| | Options

Customize. ..
Add-Ins.. |

Add-Ins 3]

Active Add-ns

Start Up |

& Solidworks Premium Add-ins
1% 30 Instant webste

IR Cireuitworks

[ FaFeatureiiorks

[ phototworks

[#lscantozn

[z solidwiorks Design Checkar

[0 & solidwiorks Mation

[ sclidwiorks Routing

[ [ solidworks simulation

[0 solidwarks Toobax

['F solidworks Toolbox Browser

[0 3 solidworks Utilities

[ solidworks workgroup PDM 2010
COET olanalyst

Bl SolidWorks Add-ins

Autotrace

Solidworks 2D Emulator
Solidiorks Flow Simulation 2010
Solidworks MTS

Solidorks %P5 Driver

(i )i |

0oO0o00| oooooooooood

ooooog

Cancel

Fiun Simulation Advizor from Commandh anager [You need to restart
Solidwforks for the change to take effect]
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3 Vlew the Trend Study.

SolidWorks Simulation Professional

: (W4 # ¥ [ Model | Motion gtudI—Default [ Trend Study
®  Click the Trend_Study tab as e L IS

illustrated. The Trend Study is
displayed.

4 Perform an Analysis on the Study.

m  Click Run from the Simulation tab in
the CommandManager. The analysis runs
and three default plots are created.

5 View the Von Mises Stress on the EndCap.

m  The plot is displayed in the Graphics area.
Double-click Stress1 (-vonMises-). The
Stress Plot PropertyManager is displayed.
View your available options.

m Click OK from the Stress Plot
PropertyManager.
6 Fit the model to the Graphics area.
m Press the f key.

? A Trend Study {-Simulation_origing
= % Parts
e [[¥j cH End Cap - 300m STED-nC
& [[¥j cH End Cap - 300m STED-nC
) ([¥ view Port, Acrylic 150m-1 (]
+ 'ﬁ; Connections
& g:fFixtures
[#) ] External Loads

@ Mesh

+- [| Resulks

Connections Run | Results : c
Advisor Advisor o

baluate | Office Products | Simulation

1 B &

Q’ Trend Study {-Simulation_Original_D
= % Parts
e [[¥j cH End Cap - 300m STED-ng
i [[¥) CH End Cap - 300m STED-ng
i [ view Part, Acrylic 150m-1 (]
[+ ﬁ; Connections
[+ g:\gFixtures
[ _i_] External Loads
% Mesh
[ [[o] Results
5
& Displacement] {-Res disp-1
& Strainl {-Equivalent-)

Tip:  To Zoom out, press the z key.

+ ﬁ; Connections

e n U —
7 Hide the Fixtures in the 5 exte @ AV
Graphics area. ﬁz: Fixed Geometry. .
®  Right-click the Fixtures P il
folder. &2 Elastic Suppart...

m  Click Hide All.
8 Hide the External Loads.
m  Right-click the External
Loads folder.
m  Click Hide All.

Bearing Fixture. ..
Grounded Balt. .,

Advanced Fixtures,

Create Mew Folder

| Hide Al

5l Al

Trend Tracker Analysis

1+ ﬁ; Connections

[+ g:f Fixtures

= (3 S
%Me & | advisor
= _| Re

% é@ Torque...

& Pressure...

=

| Eorce...

Gravity...
Centrifugal...

Bearing Load...

o= Lee @

| Temperature. ..

Flow Effects...
Thermal Effects. ..

@y | Remote Load/Mass...
Distributed Mass. ..

Create Mew Folder

E&e Al
Shiaw Al
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m  Click the Plot Tools drop-down arrow from the
Simulation tab in the CommandManager.

m  Click List Selected . The Probe Results
PropertyManager is displayed.

The On selected entities box is selected by default.

B Zoom in on the front hole of the EndCap as
illustrated.

m Click the edge of the front
hole of the EndCap. Note: The
icon feedback symbol of an
edge. Edge<1> is displayed in
the Results box.

m  Click the Update button. View
the results.

m  Click OK from the Probe
Result PropertyManager.

Base-Revolve of CH End Cap - 300m STED-no kab-revf<l >

SolidWorks Simulation

E Design Insight
1 PIotToqu
@3 | section Clipping
@' | Iso Clipping
_,/ Probe
_"-{g | List Selected
@ Save As

B> | Animate

« ¥ 42

Options
O ak lacation

qun selected entities

Results A

T ]

[CIFlip edge plat

b3

Results A

m I n:Iu:lEe-=:: 'I:ZH End Cap - :

[C1Flip edge plat

Mode | Yalue (Mimm™2 (MPa))
3360 454,971 i
232 374.271
3363 543,479
233 468,525
3375 441,477
234 406,161
3370 445,241
235 375,762
< I >

|
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9 Fit the model to the Graphics area.
m  Press the f key.

SolidWorks Simulation Professional

Maclel name: LEIV_A'SZ&‘ \:-1 Q% K_H @' @' G - 9‘ &' QJ i
Study name: Trend Study
Plat type: Static nodal stress Stress1

@I @ ‘E »

=
(T~ -

WnliﬂWoLks I Fle Edit View Insert Tools Simulation Teobox Window Help QlD . 2. AR
) = ?; B — & Design Insight
Study rl Fixtures External Connections Run | Results DefnAdlE nﬁ Plot Tool
Advisor PPY  Advisor Loads..  Advisor Advisor DSOrTed Lompare of Tools T
Material Result  Results
- - - - - - w Report
Assembly | Layout | Sketch | Evaluate | Office Products | Simulation | & %

@ Design Binder 4 won hises (himm
@ Annotations —
) @ Lights, Cameras £ 543479
iy -
- <>|F'°”t 1] I 498253
. 453.027
Q*Trend Study (-Simulation, . 407 801
=] Parts
@ [FcHEnd cap- 30[} 362574
i [FeHend Cap - a0 37348
i @-@V\ew Part, Acrylic
= T'Z Connections Rt dil
E\-é(nmpnnent Cont; 276 896
B--g;g Fixtures
[ on cylindrical Fa 181 670
= @External Loads 136 444
i -1 Pressure-1 (:150 [ ’
i Mesh i o217
e Result \d‘i
& E‘ésu & 45991
- [p Displacement1 (-1 07Es
H hestra\nl (-Equivale
SolidWorks Premium 2010 ‘Under Defined  Editing Assembly IZ‘

Note:

Study Advisor recommends study types

and outputs to expect. Study Advisor 2

=

ASdm_dy A;;Y ggtyres
helps the user to define sensors and | waterial VS

creates studies automatically. [ @, | 3hudy acvisor
H Q Mew Study

| Study Properties

BRREEEE

Simulation Advisor

Welcome to SolidWorks
Simulation Advisor

The Simulation Advisor helps
you determine the proper
study type.

For hasic static studies of
parts and assemblies, the
Advisar provides Information
and drives the interface to
guide you through the
simulation process

The Simulation Advisor does
not sUpport other types of
studies in this release. ltalso
does not provide access to
some feglures usedin static
studies. To access full
functionality, use the
CommandManager, right-
maouge clicks on tree folders
and features, or menus

Click here for online training on
Solichorks Simulation Courses

Mest

Da not show me this
again.

Trend Tracker Analysis
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10

1"

Note:
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12

Invoke Trend Tracker.

® Right-click Trend Study (-
Simulation_Origin_Design).

B Click Trend Tracker. The Tend Tracker folder
is displayed.

Set a Baseline.
m Right-click the Trend Tracker folder.
m Click Set Baseline. View the created graph icons.

The current stress analysis will be the baseline to
which future designs are compared to.

Perform design changes to strengthen the End caps.
View how the new designs changes compare with the
initial (Baseline) design in terms of: stress,
displacement, etc. using the Trend Tracker tool.

See how Trend Tracker allows you to perform design
changes without creating multiple studies or
configurations.

T T

[+ % Parts

= ﬁ; Connecl
[+ @ Con

= ;;é Fixkbures —

= '_i_] Externa

% Mesh

[l [f] Result

SolidWorks Simulation

[ &
Update all Components
Expork...
| Trerd '.I:ra.c.iger
Hont—~s de

Delete

LU Pres

Details. ..

Properties...
[B str
& Disp
& Facl

Define Function Curves,

Rename

=[] Results
& Stress1 (-yvonMises-)
& Displacement] {-Res disp-)
& Factor of Safetyl {(-FOS-)
= |£ Trend Tracker
@ Trend Journal

(=) |B5] Results
& Stress1 (-vonMises-)
& Displacement] {-Res disp-)
& Factor of Safetyl {-FOS-)

H‘Ej Trel | Set Baselne

~ | Results
& Stress1 (-vonMises-)
& Displacement] {-Res disp-
& Factor of Safetyl {-FOS-)
= |£ rend Tracker {-Baseline-))
léﬁlj Trend Journal
@ Mass1
@ Stressi

[ Displacement1

In the next section, define a sensor. You define sensors to monitor result quantities
at a set of locations, mass properties of components or bodies, interferences

between components for assemblies, and dimensions.

Add Sensors.
m  Click the Model tab at the bottom of the Graphics
area.

B Right-click the Sensors folder from the Assembly

FeatureManager.

® Click Add Sensor. The Sensor PropertyManager is

displayed.

[k Tnl| Moded
Solidiorks Premium 20

NE=Y >
T

9 Lew_assy (Simulation_Original_De

+\ géwﬁj SEnsor...

(Al A
- _I 1 Motifications. .
Lo 1

Trend Tracker Analysis
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m  Select Simulation Data for Sensor type from the -
drop-down menu.
m  Select NN/m*2 for Units.
B Sclect Max over Selected Entities for Criterion. —
ensor Type A

B Right-click Clear Selections in the selection box as 2 [
? | Simulation Data i

illustrated. F S |

Sensor
ks

W ¥ 42

Data Quantity ]

S i Stress v

(#Elear Selections

lete

[Factor o Custorize Menu

| [ alert ¥

m  Click the edge of the front hole
of the EndCap as illustrated.
Note: The icon feedback symbol
of'an edge. Edge<1>is displayed
in the selection box.

m  Click OK from the Sensor
PropertyManager.

® Expand the Sensor folder in the
Assembly FeatureManager.
View the folders.

13 Return to Trend Study. ‘g' e

®  Click the Trend Study tab at the = [ @ Sensors

bottom of the Graphics area. % EE Qe

[P Stress1(543.479 Nfmm~2 |
w Displacement1(4.43455 mm)
7 g Stress2(5,43479e+003 M)

@ Design Binder

] Model [ Motion Study - Default rend Stu
Soli_dWorks-P_rengiunj 2010
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14 Add a second Tracked Data Graph.

15 Perform a Design Change. Modify
the EndCap Part.
®  Click the Model tab at the

Right-click the Trend Tracker (Baseline)
folder.

Click Add Tracked Data Graph. The
Tracked Data Graph PropertyManager is
displayed.

Select Stress2 for Sensor Type from the
drop-down menu as illustrated. View your
options.

Click OK from the Tracked Data Graph
PropertyManager. The Stress2 folder is
displayed.

SolidWorks Simulation

= Pﬁ] Results

& Stress1 (-vonMises-)
& Displacement] {-Res disp-3
& Strainl {-Equivalent-)

| Trer Manually add iterations
[ tMas Wiew Gallery
[ stre =
i Delete Iteration. ..
[ Disp

Restore Model ko Iteration. .

i dd Tracked Data Graph...

ol [EglS

o ¥ 4=
:.Tracked Data Graph ~ |
l’i\"' Stressz T& |
- (Mass1

Stressi

Displacement1

? Trend Study {-Simulation_Original _OY

= % Parts

[ cH End Cap - 300m STBD-n
i [[¥) cH End Cap - 300m STED-n
i [P view Part, Acrylic 150m-1 (-

[+ ﬁ; Connections

[+ g:\gFixtures

[+ ;Q External Loads
% Mesh

= ,&] Resulks

& Stress1 {-vonMises-)

& Displacement] {-Res disp-1

& Strainl {-Equivalent-)

(=

lﬁ_j Trend Journal
@ Mass1
K Stressi

[2¢ Displacement1

@ Stressz

RN Modet Totion Study - Defaull | & Trend Study
Solidvworks Premium 21

bottom of the Graphics area. The
Assembly FeatureManager is displayed.

Trend Tracker Analysis
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m  Expand the first CH End Cap - 300m
STBD from the FeatureManager as

llustrated.

® Right-click CirPattern1.

m  Click Unsuppress from the Context
toolbar. The Housing with the ribbed End
caps is displayed in the Graphics area.

16 Return to the Trend Study.

m  Click the Trend Study tab as the bottom

of the Graphics area.

17 Run an Analysis.

m  Click Run from the Simulation tab in
the CommandManager. Once the analysis
is completed, the plots under the Trend
Tracker folder are updated.

® View the Stress1 (-vonMises-) plot.

Trend Tracker Analysis

SolidWorks Simulation Professional

58 (F) view Part, Acrylic 150m<13-3? (C
=% (F) CH End Cap - 300m STED-no tab-re]

# % () CHER
[+ @@ MateGrauy

@I Sensars
- [A] Annatations
8= Material <not specified:>
\<§\ Flane1
\<§\ Flanez
\<§\ Flane3
e I.. Crigin _
[+ 67 Base-H @”g |
\<§\ Flane? 'ék ;% e'

& @ Ribs E Unsuppress

# @ Cut-E; [:h | Invert Selection

Feature (CirPatternl})

[
Results CDE&I’E
Advisor Rl

Run

ﬁ Run Design Scenarios
& Create Mesh

Run &l Studies

? Trend Study {-Simulation_Original _D
= % Parts
i [[¥j cH End Cap - 300m STED-nc
& [[¥j cH End Cap - 300m STED-nC
I+ @View Port, Acrylic 150m-1 {-[
[+ ﬁ; Connections
[+ g:fFixtures
[ [;| External Loads
=] |£ Trend Tracker (-Iteration 2-)
@ Trend Journal
- @ Mass1
m Stressi
. @ Displacement1
@ Stressz
% Mesh
= |E| Results
- ﬁ fotress1 (-vonMises-
w Displiiement] {-Res disp-1
& hgstrainl {-Equivalent-)
@l Displacement141} {-Displace

Il
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18 Examine the total mass of the

EndCap Part.

m  Double-click the Mass1
folded as illustrated. The
total mass increase from the
first iteration to the second
iteration due to the addition
of the ribs.

Note: The additional weight is
expected to increase the FOS.

m Close the graph.

19 Examine the Stress1 graph.
m  Double-click the Stress1
folder. View the results.

Note: The maximum von Mises stress
in the hole has decreased due to
the addition of the ribs.

m Close the graph.
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Flle Options Help ﬁ

SolidWorks Simulation

(=t |l~_9 Trend Tracker {-Iteration 2-)

@ Trend Journal
£
[ stredhl
@ Displacement1
@ Stressz
- % Mesh

(=t E Results
& Stress1 (-vonMises-)
&l Displacement] {-Res disp-)
&E Strainl {-Equivalent-)

Mass1 [ka)
s s s
. ) =
= = =

S
]
=

N
=
=

/

Iteration

——  Massl

242018, 496559

& Stressi

File Options Help

450.00

400.00

wan Mises [NAnm "2 [MPa]]

30000

Iteration

——  von Mises

oo
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20 Review the Trend Journal.
®  Double-click the Trend Journal folder. The Trend
Journal is displayed. The journal contains all details
about the different iterations that were performed on
the model.
m Close the Trend Journal by closing Microsoft Word.

Using Trend Tracker, you can also roll back your model to
an intermediate iteration without having to save any
conceptual changes. Trend Tracker is also integrated with
Design Scenarios in SolidWorks Simulation Professional
to track structural feature changes.

21 Save and Close the Model.

m Click Save [H]

m Click File, Close from the Menu bar menu.

SolidWorks Simulation Professional

[+l External Loads
= |£ Trend Tracker {-Ikeration 2-3
)
@ Mas,
@ Stressi
m Displacement1
E Stressz
. % Mesh

= @] Results

Trend-Journal€
1

File- Name:-o LBV_ASSY SLDASMD

Study name:2
Description:id

1

| BaselinelZ
Time: Completed:-c
Tracked Data:o

1

Iteration-2i
Time: Completed:-C
Tracked Data:o

1

Trend-Studyis
o

i
Friday, October-02,-2009-7:40:12- Abdo
[}

[ Sowce | Tye | AchualVale |Normalized Value

Mass 1

Model-Mezg 14.05904-(kg) 1008
Stress 1- (WO -won-Mises-Stress) MModel-Maz 543 4791 mm"™2- (1MPa)) 100
Displacement1-(URES:-Resultant-Displacement)i ho del-hamd 4 43455 (mrm)ict 1000
Stress2-(VON-von-Mises-Stress)id Maz-over-Selected-Entitiesi| 5 434 79e+008-(N/m"2)2 | 1002

1

i
Friday, October-02,-2009-7:51:41-AMo
[}

D W W A

IMass 1o Model-hazn 15 16175-(kg)z 1270
Stress 1-(VOM:won-Mizes-Stress)d Mfodel-hdamt 357 151-(M mm ™2 (P a))i| 6 200
Displacement1-(URES:-Resultant-Displacement)i hfodel-hdax 4 42488 (mrm)ic Elta]

Stress2-(VON-von-Mises-Stress)id Maz-over-Selected-Entitiesi|2. 5485e+008-MT/m"™2%3 |46

Trend Tracker Analysis
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Thermal Analysis

Design performance can be compromised due to excessive temperatures or heat
transfer between components. SolidWorks Simulation Professional allows you to
perform thermal analyses with the following parameters:

Conduction, convection, and radiation

Steady state and transient with time-dependent loads
Temperature-dependent materials and loads
Temperature, heat flux, and heat power

Thermostats for closed-loop feedback in transient studies
Thermal contact resistance

You will again perform an analysis on the EndCap of the Housing. The Housing
contains the camera and lighting system of the SeaBotix LBV 150 assembly. The
EndCap analysis will determine the amount of heat lost to the surrounding
seawater. You will only address natural convection today. To simplify the model,
the camera and lighting system are represented as a concentrated heat source.

Your design goal is to improve the thermal distribution of the EndCap. You will
learn if the addition of Ribs, “mass,” will help to dissipate the generated heat from
the camera and lighting system to the surrounding seawater.

Without Ribs With Ribs

Time: 10 - 15 minutes
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Create the Thermal Analysis Study

Look in: | 3 Themal ’ﬂ Q3 e -
1 Open the EndCap Part. E3Fnished 7
© EndCap SLDPRT
m  Click Open from the B S

Menu bar toolbar.
B Double-click EndCap from
the SeaBotix\SolidWorks

Simulation
Professional\Thermal folder. Fiename:  |*SLDPRT v [oeen J]
Filez of type: 'art """ v
Note: Files of type is Part. The EndCap Description;  <Mone>
is displayed in the Graphics area. [ Quick view Releiiein
2 Create a Thermal Study.
m  Click the Simulationtabin | & | = = =
the CommandManager. fiine ' '
: Q%..Study Advisor luate | DimXpert | Office Products | Simulation
-=-|~ Q Mew Study = I
m  Click the Study Advisor
drop-down arrow from the Simulation tab. ¢ X
®  Click New Study . The Study PropertyManager Message A
is displayed. S
m  Enter Thermal-Study 1 for the name of the Study. canvectian and radiation
m  Click Thermal |4 | for Type. e 7

| Thermal-Study 1 4—

3 Display the Study.
m Click OK from the Study PropertyManager.

Type A
|§| Skatic

|@| Freguency

|§| Buckling

@ Thermal

|_@ | Drop Test
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Applying the EndCap Material.
Apply the Material of the EndCap.

Note:

76

1

A green check mark

Click EndCap from Thermal-Study 1 (-Default-
).

SolidWorks Simulation

QﬂThermaI-Study 1 {-Default-)

D
ﬁ; Cdtnections

'f& Thermal Loads

% Mesh

Click Apply Material from the Simulation
tab in the CommandManager. The Material
dialog box is displayed. View your options. 5

AD&V :
Material Loads Advisor

8 1 W

Thermal Connections Run
ial

Click AISI 1020 from the Steel folder. Features

Sketch | Evaluate | DimXpert

Click Apply.
Click Close from the Material dialog box.

SHHHOMEE (2 ) | Fraperties® {Tables i blves ol biieor st G Hat il Ciistiil oot Date I
Sfe\ Material propetties
§: 1023 Carbon Steel Shest (35) Materials in the defaulk library can not be edited. You must Firsk copy the material ko
§E 201 Annealed Stainless Steel (S5) a custom library ko editit,
gE 5286 Iron Base Superalloy - - ==
o Linear Elastic Isotropic ~
3= AISI 1010 Steel, hot rolled bar L
3= AISI 1015 Steel, Cold Drawn (55) | SI-Mfm2 (Pa) 2
= | :
3= Al 1020 Steel, Cold Rolled ;
3= AISI 1035 Steel (55) |
8= AISI 1045 Steel, cold drawn |
3= arsra04 |
§E AISI 316 Annealed Stainless Steel Bar (52
§E AISI 316 Stainless Steel Sheet (553
§E AISI 321 Annealed Stainless Steel (55)
§E AISI 347 Annealed Stainless Steel (55 | = = |V ; T
8= AIST 4130 Steel, annsaled at 865C LSEEh S LS
3= AISI 4130 Steel, normalized &t 870C Etiheh s SRR
= i Poizsons Ratio 0.23 s
8= AISI 4340 Steel, annecled Shear Madulus 77000000000 hin*2
3= AISI 4340 Stesl, normalized Density 7800 kgin"3
g: AISI Type 316L stainless steel Tensile Strength 420507000 i *2
§E AISI Type A2 Tool Steel Compreszive Strength in X M2
§E alloy Steel Wield Strength 351571000 i *2
§= Blloy Stesl (559 Thermal Expansion Coetfficient 0.000015 i
§E ASTM &% Sheel Therrr@l Conductivity 47 WK
§= ast Aoy Steel Specitic Heat 420 Sk )
= aRO e Materisl Damping Ratio hiA,
_3,: Cast Carbon Steel
§E Cast Carbon Steel (S} <
| am |
3 Tl

on the Parts folder indicates that

material is assigned to the part.

Qﬂ Thermal-Study 1 {-Default-)
[P Endcap (-a151 1020-)
ﬁ; Connections
?8 Thermal Loads

% Mesh

Thermal Analysis
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Thermal Loads and Boundary Conditions

Thermal loads and restraints are only available for thermal studies. For steady
state thermal studies with a heat source, a mechanism for heat dissipation must be
defined. Otherwise, analysis stops because the temperatures increase without
bound. Transient thermal studies run for a relatively short period of time and thus
do not require a heat dissipation mechanism.

You will assume natural convection for the EndCap. You will apply a 600 watt
power load to the system to simulate the heat load generated from the internal
camera and search lights.

The following types of loads and restraints are available for thermal studies:

, Load Type Geometric Entities Reference Geometry Type Required Input
Temperature Ve = e a
ertexes, Edges, Faces an
companents (2178 Unit and ternperature value
| Film coefficient and bulkc
| Convection Faces (2178 termperature in the desired
units
Unit and value of the
Radiation B N surrounding ternperature,
emissivity, and view factor for
surface to ambient radiation
Unit and value of the heat fl.x
Faces and an optional vertex for (heat powerfunit area)
Heat Flux thermostat location for transient IfA, Temperature range for optional
studies thermostat for transient
studies
Unit and value of the heat
Verexes, Edges, Faces, Components, pnvx;erd'trhe spheclﬂ‘edtvadlue ‘ts
Heat Power and an optional vertex for thermostat (R17:Y EIARE Rl el Rl
Incation for transient studies S T R
thermostat for transient
studies
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Applying a Thermal Load

SolidWorks Simulation

1 Apply a Thermal Load. The%'na] Conl?fﬁons Reais :
m  Click the Thermal Loads drop- Loads | Advisor advior Ociorme Compare T

down arrow from the Simulation
tab in the CommandManager.

m  Click Heat Power . The Heat
Power PropertyManager is

displayed.
2 Select the Face.

B Zoom in on the center hole face of the

End Cap.

m  Click the inside center hole face of the
EndCap as illustrated. Face<1> is
displayed in the Selected Entities box.
Note the icon system feedback symbol for

a face.

3 Enter Heat Power.

m  Select Sl from the Units drop-

down menu.

m  Enter 600 watts in the Heat

Power box.

Note:

by the camera and the internal
search lights of the assembly.

4 Apply the Values.

Click OK from the Heat
Power PropertyManager. Heat
Power-1 is displayed.

78

600 watts is an estimate for the
total amount of power generated

E%Temperature i Office Products } Simulation
g | Convection

& | Heat Power <4—

g Heat Flux
W& | padiation

. “
(g =

R

Type || Split
Selected Entities

N

b3

Select all exposed
faces

@ Per item
Takal
Heat Power A
A
}ad Thermal-Study 1 (-Default-) & W

[P endCap (-A151 1020-)
i ﬁ; Connections
13 'fﬂ Thermal Loads
; c’.Heat Power-1 {:Per itemn: 600 W)

[reverse direction

|g| Edit... View

«

:- %Mesh

| Symbol Settings

Thermal Loads and Boundary Conditions
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Applying Convection

1 Apply Convection.
m  Click the Thermal Loads

SolidWorks Simulation Professional

-

73

Loads Advisor

Thermal | Connections Run | Results _ .

h o5 Wiy
=t Compare

Advisor Results

Office Products | Simulation

drop—down arrow from the . ﬂ[‘\\?.'l.';amperature
Simulation tab in the — W & Convection
4 Heat Power
CommandManager. o
m Click Convection |Z| The iy
Convection

PropertyManager is displayed.
2 Select the Exposed Faces.

B Rotate the EndCap with the middle mouse button as

illustrated.

®  Click the outside face of the EndCap. Face<1> is
displayed in the Faces for Convection box.

3 Select the other three exposed outside
Faces.

B Click the other three outside faces of
the EndCap. Face<2>, Face<3>, and
Face<4> are displayed in the Faces for
Convection box. Rotate the model to
select Face<4>.

Note: Apply the Zoom to Area tool from the
Heads-up View toolbar to select the correct
faces.

Thermal Loads and Boundary Conditions

Base-Revilve

Convection Coefficient (WAm"2 K |0
Bk &mbient Tem) X

erature (Kelvin

Base-Revilve
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Note:

Note:

80

Set Units and Value.

SolidWorks Simulation

m  Select English (IPS) from the Units drop-down N [ERES |
menu. Convection :
m  Enter 0.22 in the Convection Coefficient box. v R
®m  Enter 50 in the Bulk Ambient Temperature box. [ Tyee | Spit |
Selected Entities ®

The inputs simulate seawater conditions at the operating T t'rl
|Face<Z>
| Face <3

depth of 3,400 feet.

Apply the Values.

m  Click OK from the
Convection PropertyManager.
Convection-1 is displayed.

Fit the model to the Graphics area.

m Press the f key.

SolidWorks Simulation Professional
applies convection to the four
selected exposed faces and creates a
single entry. Convection symbols
appear on the four selected outside
faces.

Select all exposed
faces

Units A
&l |engish (Ps) —p |
Convection Coefficient A

o [
BE | 022 oW IBTUf(s-n"2F)

|g| Edit.

Bulk Ambient Temperature &

| Symbol Settings ¥ I

QﬂThermaI-Study 1 {-Default-)
P Endcap (-a1st 1020
ﬁ; Connections
= 'fa Thermal Loads
& Heat Power-1 {:Per item: 600 W)
ﬁ Convection-1 ;0,22 BTUf{s-in"2F ;)

% Mesh

Thermal Loads and Boundary Conditions
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Creating a Mesh and running an

H B |
AnaIySIs Run | Results ; Con:DII @
Advisor s
1 Create a Mesh and run an . - =t
Analysis. ] % Run tion
®  Click the Run drop-down S S T
f h S . l . & Create Mesh
arrow from the Simulation e
tab in the
CommandManager. L Mesh 7|
_ v %
m  Click Create Mesh . :
The Mesh Mesh Density -]
& J
PropertyManager is Coarss Fine
displayed suggesting
Global Size and Tolerance |8 thermak-Study 1 (-Defaul-)
[ endcap (-a15T 1020-) [CIMesh Parameters 2
Value' ﬁ; Connections |Advanced " |
m  Check the Run (solve) the = %8 hermalLoxcs -
. g Heat Power-1 (:Per item: 600 W) Opti Py
anaIySIS bOX' - ﬁ Convection-1 ;0,22 BTUfs-in"2F ) FEons Save settings without
% Mesh O meshing
2 Start the Mesh Process. R T
Click OK from the Mesh T T run v hesnshee

PropertyManager. You created
a mesh and the Thermall plot is displayed.

Model name: EndCap

Study name: Thermal-Study 1
Plat type: Thermal Thermall
Time step: 1

Temp (Kelvin)
F29 388

I B00.535
L 571651

. 542828

. 513975

| 485122
456 268

427 416

| 398563

. 363708
340 856

2003

283150
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3 View the Thermal Plot.

m  Double-click Thermal1 (-Temperature-). The
Thermal Plot PropertyManager is displayed. View

the options.

m  Click OK from the Thermal Plot
PropertyManager.
m Right-click Thermal1 (-Temperature-).
®  Click Edit definition. The Thermal Plot
PropertyManager is displayed.
4 Modify Temperature units.

m  Select Fahrenheit from the Temperature drop-

down menu.
m  Click OK from the Thermal Plot

PropertyManager. The Thermal Plot is displayed

in Fahrenheit.

m Rotate the model with the middle mouse button to

view the temperature profile.

Note: Note that the

SolidWorks Simulation

QﬂThermaI-Study 1 {-Default-)
[P Endcap (-a11 1020-)
ﬁ; Connections
= 'fﬂ Thermal Loads
é. Heat Power-1 {:Per item; 600 W)
ﬁ Convection-1 ;0,22 BTUf{s-in"2F 1)
% Mesh
= E] Results
N hermall {-Temperature-

QﬂThermaI-Study 1 {-Default-}
[[jendcap (-arst 1020-)
ﬁ; Connections
1= ?E Thermal Loads
5 & Heat Power-1 {:Per item: 600 Wi}
8 ﬁ Convection-1 (10,22 BTUM{s-in"2F):)
% Mesh

[/ (i Results

D Bimate. ..

% Section Clipping. ..

Display

t i TEMP: Temperature

A
b
E| | Fahrenheit N

|;\_dv_a Fahrenheit
| Celsius

| Property ¥ !

maximum
temperature is
approximately
673°F.

Temp (Fahrenheit)
B73228
621292

. 569.357
- v |
. 465485
. 413550

I 361 614

308678
L 257743

. 205807

153871
101938
50.000
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Applying the Probe tool T -
1 Apply the Probe tool. compare | [y | Section Clisging
m  Click the Plot Tools drop-down RS s ciooing
arrow menu from the | Siia é '::tb:e:;
Simulation tab in the | @ [Soves
CommandManager. | > | Animate

m  Click Probe . The Probe
PropertyManager is displayed.
The Probe tool provides the
ability to list the temperature at e
a specific location in the model. .

B Zoom in on the inside face as
illustrated.

B Click five points as illustrated
from top to bottom as
illustrated. The Probe box lists
the temperature and the X, Y, and Z coordinates of the selected vertices in the
global coordinate system.

Note: Results will vary depending on your selected position of ——

the EndCap. /T (B8]
2 View and close the Probe Plot. « R =

*»

m  Click Plot . The Probe Result window appears | ©etions
with a graph of temperatures at the selected vertices S
versus node numbers at the vertices. View the plot. i
m Close the plot.

m Click OK in the Probe Result PropertyManager.
3 Fit the model to the Graphics window.
m Press the f key.

Results A

Mode | Value (Fahrenheit) | {in) | (ir
9620 603,399 46447 0.2
9619 589,900 46447 365
9611 576,935 41821 50z
9602 538,541 41821 637
9601 500,478 41821 77C

Report Dptions “
e

Plot
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Modify the Design

In the first study, temperatures reaching
approximately 673°F on the center hole of the
EndCap were calculated using the supplied
Load information.

In this section, redesign the EndCap to use
ribs. The ribs will help to dissipate the heat
generated by the camera and search lights
within the EndCap to the surrounding
seawater.

Without Ribs
You will:

m  Unsuppress the rib feature in the EndCap
part.

®  Copy and paste the material and Load/
Restraint information from the first study
to the second study.

®  Mesh and Run the second analysis.

®  View the results of the second study.

®  Compare the first study to the second
study.

With Ribs
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Create the Second Analysis

1

Create Thermal-Study 2.

Right-click the
Thermal-Study 1 tab
at the bottom of the
Graphics area as
illustrated.

Click Duplicate. The
Define Study Name
dialog box is
displayed.

Enter Thermal-Study
2 for new Study
name.

Click OK from the

SolidWorks Simulation Professional

Qﬂ Thermal-Study 2 {-Default-)
[P endcap (-A151 1020-)
ﬁ; Connections
= 'fﬂ Thermal Loads
: -c’.Heat Power-1 {:Per itemn: 600 W
ﬁ Convection-1 {:0.22 BTUf{s-in"2
% Mesh

=) [0 Results

. N Thermall {-Temperature-)

Rename ?\g

Delete
Delete Al Simulaton Studies

Create Mew Motion Study
Create Mew Simulation Study

Create Mew Design Study
Stu

Define Study Name r5_<|

Study Mame :
| Themal-Study 3 |

Configuration to uge:

| Default v |

[ ok %J[ Cancel | [ Hep |

Define Study Name dialog box. Thermal-

Study 2 is displayed.

Add Ribs to the EndCap Part.
Click the Model tab at the bottom of the

Graphics area.

Right-click CirPattern1 from the

FeatureManager.

Click Unsuppress from the Context
toolbar. The EndCap with Ribs is displayed

in the Graphics area.

Return to Thermal-Study 2.
B Click the Thermal-Study 2 tab at the bottom

of the Graphics area.

Modify the Design

[0 o] [ Mode | Motion Study 1
Solidworks Premium Ik‘

N ERE=NE >

i "

% EndCap {Default<<Default=_Displ
@I Sensars

[ [A] Annotations
(&) ls%] Lights, Cameras and Scene
3= Material <not specified:>

% Planet

& Planez

% Planed

L origh———
#l-65 Base @|El""‘

% Plang (;"L y
-0 Ribs

T i ——
& @ ut-j Feature {CirPatternl)

@ Fillet Comment

Fillet ParentiChild. ..
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4 Review Thermal-Study 2.
m  Review Thermal-Study 2. The Thermal
information was copied from the first study to the
second study.

5 Analysis the Model.

m  Click Run [&] from the Simulation
tab in the CommandManager.
Thermall (-Temperature-) is
displayed. View the plot in the
Graphics area.

SolidWorks Simulation

Qﬂ A Thermal-Studsy 2 (-Default-)

[P Endcap (-a151 1020-)

ﬁ; Connections
= ?E Thermal Loads

é Heat Power-1 {:Per item: 600 Wi}
2 ﬁ Convection-1 (20,22 BTUf{s-in"2F):)

% Mesh

= [E] £ Results

w Thermall {-Temperature-)

& w W
E Run Res_ulis Coinpare @
Ly Advisor Results

Kpert | Office Products | Simulation

. .. . . o
Note: The addition of the ribs resulted in a temperature range between 50 and 329 °F.
@Sl}lidWorks . File Edit View Insert Tools Simulaton Toolbox Window Help QLD - L‘Q' - ? - - 0O K
Q, = LE] B m My PlotTocls ~ e
Study .-'-\‘:I Thermal Connmections Run | Results c @ n + Design
Advisor PPY | oads Advisor Advisor el £ Study
Material Results
Features | Sketch | Evaluate | DimiXpert | Office Products | Simulation | B %
@i@" |§"$| % | Model name: EndCap LYW E-J-60-@ £-O-
P ~|  Study name: Thermal-Study 2
(7 = Plot type: Thermal Thermall [@
3= Material <not specified= 4|  Time step: 1 Temp (Fahrenheity= -
% Planet = | ﬁ
5y Planez 320740 (o
% Planed L 306.437
<l il s
L 283124
QﬂThermaI-Study 2 {-Default-) . 258812
[P Endcap (-a11 1020-)
. . . 236.4599
ﬁ; Connections 3
=] 'f& Thermal Loads 3 . 213187
£, Heat Power-1 (:Per item: 60
o ; : | 189.574
1t Convection-1 (:0.22 BTU(s-
5 resh | 166562
[ |[] Results
% fThermal1 (-Temperatur] 143250
. 119837
96 625
7332
W 50,000
RT3 T 15 [_Model [ Mofion Study 1 SimulationXpress_Stu Thermal-Stu 4 Thermal-St 2
Solidworks Premiurm 2010 Editing Part (2]
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6 Compare Study 2 to Study 1.

m  Click Compare Results from the
Simulation CommandManager. The Compare
Results PropertyManager is displayed. Both
Study 1 and Study 2 are checked.

B Click the Compare selected results across
studies box. Note: The Use settings from this
plot for plots of the same type box is selected.

m  Click OK from the Compare Results
PropertyManager. View the Graphics area. The two
Studies are displayed.

Modify the Design

SolidWorks Simulation Professional

@3 PlotTools ~  B#
Design
Study

Compare @ Report

Compare Results
Compares mulkiple results side-by-side,

Compare Results ?

@ R

Options ]
Compare selected result
/v® across studies

o) Wiews multiple resulks of
current study

Manually select results to
o wigw

= Studies
Thermal-Study 1
Thermal-Study 2

Use settings from this plok
for plots of the same type:
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SolidWorks Simulation

@SnlidWofks . File Edit View Insert Tools Simulaton Toolbox Window Help Q[D - ¥ . ? - =0 XK

Q = i 73 [ Wy PlotTods - g
Study ¥ Thermal Connmections Run | Results Design
Advisor M'?a?g!}ifal Loads Advisor Advisor @ R Study

Features | Sketch | Evaluate | DimXpert | Office Products Simulaﬁon]

Y E =D »| ModelrameEracey AL EME-F-60- @ £- O~ 329749
i | Study name: Thermal-Study 1 . 306 437
\ W = Plat type: Thermal Thermal2 L 283124
3= Material <not specified:= | Time step: 1 . 258812
\<§\ Flane1 - g?gjg?
x Planez 189,874
% Planed v " 166 562

< | 5 Exit Compare L 143250
— === L 119937

Qﬂ A Thermal-Study 1 (-Default-) W

[P endCap (-A151 1020-) _
T2 Connections 4

Temp (Faﬂrergﬂ)x

96 625
l Timz
50.000

= ’}\8 Thermal Loads

éHeat Power-1 {:Per item: 60
Model name: EndCap

b ;
38 Convection-1 (;0.22 BTU/(s+ Study name: Thermal-Study 2

% & Mesh Plat type: Thermal Thermall

=) [ /B Results Time step: 1
N Thermall {-Temperature-)

x/?

[R5 [_Model | Motion Study 1 SimulationXpress_Stu {4~ Thermal-Study 1
Solidwiorks Premium 2010

Temp (Fahrenheit)

329.748

. 306.437

L 283124
. 259812
. 236.499
L 213187

] 189,574
|| 166562
| 143250
L 119937

96 625
l Timz
50.000

Thermal-Study 2
Editing Part (2]

Note:
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Return to Study 2.

m  Click the Exit Compare button. View Thermal-Study 2.

Save and Close the Model.

m Click Save [H]

m Click Window, Close All from the Menu bar menu.

You improved the thermal dissipation of the Endcap by
adding the Ribs. The Ribs added mass, which in turned
provided a better thermal load path to the entire part.

l Window | Help (& l D - L"_‘i}
Vilé\sklport 4
% e Window
Cascade
E Tile Horizontally
3 | Tile vertically ShiFt+T

Arrange Icons

Close dll  €—

Modify the Design
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Drop Test Analysis

A Drop Test study evaluates the effect of the
impact of a part or an assembly with a rigid or
flexible planar surface. Dropping an object on
the floor is a typical application and hence the
name. The program calculates impact and
gravity loads automatically. No other loads or
restraints are allowed. The program solves a
dynamic problem as a function of time.

Will your Design Fail?

The study does not answer this question
automatically. It can predict the separation of
components due to impact. You will use the
results to assess the possibility of such an event
occurring. You will use maximum stresses to
predict material failure and contact forces to
predict separation of components.

Perform a Drop Test analysis on the Housing
component.

O

Time: 20 - 25 minutes

Drop Test Analysis 89
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Creating a Drop Test Study

Lookiin: | (9 Drop_Test J} Q3 =mE

1 Open the Housing Assembly. SFrizhed

m  Click Open from the o
Menu bar toolbar.

B Double-click the
Housing_Assy assembly

from the Flename: ~SLDASM ~_,| [Cpen -]

SeaBotix\SolidWorks s [HEE LRS=
X A Drescription: i

Simulation Flaiie: vea T

Professional\Drop Test
folder. The Housing is
displayed in the Graphics
area.

2 Create a Drop Test Study.

m  Click the Study Advisor Sf;\, oL
drop-down arrow from the T
Simulation tab in the & Study Advisor ketch | Evaluate | Office Products | Simulation
CommandManager. @, |z Study =
m  Click New Study . The B[y (B
Study PropertyManager is Study
displayed. ol
u Enter DroPteSt StUdy 1 for :‘:j;:j;esses displacements .
Study Name. el
m  Click the Drop Test[®] button — =
for Type. [Dropteststudyt
3 Display the Study. Type A
Click OK [#] from the Study =
PropertyManager. Droptest Study 1 R
(-Default-) is displayed. B8 g
|Cid| Thermal
TIT | Crop Test
G Droptest Study 1 (-Default-)
|$_| %Parts |e
= ﬁ; Connections o
(7} &Component Contacts |$| Heninear
@saup |[£HJ| Linear Dynamic
Resulk Options R
gl\ﬂesh E |’-l’| Pressure Yessel Design

920 Drop Test Analysis
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4 Set up the Drop Test Study.
m  Right-click the Setup folder as illustrated.
Click Define/Edit. The Drop Test Setup

PropertyManager is displayed.

Check the Drop height box.
Select ft for units from the drop-
down menu.

Enter 4 in the Drop height from
centroid box.

Click inside the Gravity box.
Expand the Housing_Assy
flyout from the Graphics area.
Expand the second CH EndCap
component as illustrated

Click inside the Gravity plane
selection set.

Click Plane3 from the flyout
FeatureManager. Note: Under the
second CH EndCap component.
Plane 3 is displayed in the
Gravity box.

Select m/sec? for the Gravity
magnitude units.

Click the Normal to gravity box.

Click the Rigid target box for
Target Stiffness.

5 Display the Study.

®m  Click OK|¢ | from the Drop Test Setup
PropertyManager. Setup is displayed with a check

mark.

SolidWorks Simulation Professional

QﬁDroptest Study 1 {-Default-)

e % Parts

= 73 Connections
[+ & Component Contacks
FE—
& R P Dy
% iy Details...

Copy

f-Specify ﬁ-;

Drop height
(O welocity at impact

[Height Al

(%) From centroid
() From lowest point

2 [+ 4 |r /vv
é_Gravit_\!
3
D E—CEss
Target Al
Target Crientation
)@ Mormal ko gravity
(O Parallel to ref, plane
& I |

|- |0 |
Target Stiffness
(%) Rigid target
() Flexible target

| Symbol Settings ¥ |

@ Hausing_Assy (Default<<De, |
i_ﬁl Sensars
+-[A] Annatations
I \<> Front Plane
X 4 Top Plane
\<> Right Plane
Crigin
+- %8 () view Part, Acrylic 150..
-9 () CHEnd Cap - 300m P...
- () CHEnd Cap - 300m ST
+ |§| Mates in Housing_Assy
!&I Sensars
Edy @ Annotations
8= st 1020
\<> Plane1
:<>\ Flane2
@.

I—» Crigin
+ 5?3 Base-Revaolve
\<> Flane?
+ @ Ribs Extrude
% Cirpatternt
+ Cut-Extrudel
4 @@ Mates

Rotate the model with the middle mouse button.
View the direction arrow pointing downwards.

Drop Test Analysis

ﬁDroptest Study 1 {-Default-)
ez} % Parts
= ﬁ; Connections
(7] & Component Conkacks
&
@’Result Options

% Mesh
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Meshing the Model

1 Mesh the model. Reﬁm
m  Click the Run drop-down arrow menu from the ! o
Simulation tab in the CommandManager & ron
. & | Create Mesh
m Click Create Mesh . The Mesh [ | Run Al Studies

PropertyManager is displayed.
®  Expand the Advanced dialog box.
m  Check the Draft Quality Mesh box as illustrated.

@ K
Note: A coarse Mesh Factor will result in a faster mesh Mesh Density =
time. Actual results will vary depending on Mesh B =95
FaCtor. Coarse Fine
[ o]
2 Start the Mesh and Analysis Process.
. [OMesh Parameters ¥
® Click OK from the Mesh PropertyManager. s -
Meshing starts and the Mesh Progress window b f
appears. After meshing is completed, a %ﬂutomatic G e 2ol
checkmark is displayed next to the Mesh folder. [Remesh faled parts i
incompatible mes|
Options 3
| Savi_settings without
meshing
[CIrun {solve) the analysis

EﬁDroptest Study 1 {-Default-)
[+ % Parts

= ﬁ; Connections

(7| & Component Conkacks
&

@Result Options

% Mesh
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Running the Analysis
1 Run the Analysis.

m  Click Run . The Run
PropertyManager is displayed. The
analysis runs and the default plots are
created.

B Click No in the Linear Analysis dialog
box to retain your element choice.

Note: Run time will take approximately 15
seconds.

2 Review the Results Folder.
®  Expand the Results folder. The
Results folder contains three plots:
Stress, Displacement, and Strain.
View the Stress1 (-vonMises-) plot in
the Graphics area.

SolidWorks Simulation Professional

= &
Run | Results
Advisor

[e[a]
Compare @ Report
Results

Evaluate | Office Products | Simulation [_

Linear Analysis

2 DieFault lower-order tetrahedran may not give accurate results
- ] Do you want to switch the element type from
: default to enhanced tetrahedron?

Wes

-y

ﬁDroptest Study 1 {-Default-)
+ % Parts

= ; Connections

(7} & Component Conkacks

g’ Setup

@Result Options

% Mesh
R SResults
K
&l Displacement] {-Res disp-)
&E Strainl {-Equivalent-)

Model name: Housing_Assy

Study name: Droptest-Study 1

Plat type: Stresst

Plot stepr 25 time : 243.028 Microseconds
Deformation scale: 1

von Mizes (Mimm*2 (MPa))
2445724
' 2244714
. 2040703
. 1,836,693
. 1532683
. 1 428673
| 1,224 B63
. 1,020.653
. B16.643
. B12.633
403 623
204 613

0E03

Running the Analysis
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Set Scale Factor and View the von-Mises Plot.

Double-click Stress1 (-vonMises-). The Stress
Plot PropertyManager is displayed. View the
options.

Click OK from the Stress Plot
PropertyManager.

Right-click Stress1 (-vonMises-).

Click Edit Definition. The Stress Plot
PropertyManager is displayed.

Click Automatic in the Deformed Shape box.
Accept the default values.

Click OK from the Stress Plot
PropertyManager. View the plot in the Graphics
area.

SolidWorks Simulation

(ﬁDroptest Study 1 {-Default-)
[ % Parts
= ﬁ; Connections

[+ & Component Conkacks

g’ Setup

@ Resulk Options

% Mesh

[l [[] Results

isplicement 1 (-Res disp-)
EE Strain (-Equivalent-)

ﬁDroptest Study 1 {-Default-)
.+‘ % Parts
= ﬁ; Connections
[+ & Component Contacks
g’ Setup
@Result Options
% Mesh
= \_| Results
o -3@. Hide
&l Displace
B straint £ | £t Defiriticn. .
D | dhimate. .
% Section Clipping. |
@D | Iso Clipping. ..
Chart Options. ..

@ Settings. ..

¥ X =
Display Al

h WOR: won Mises Stress (%

E| | Mifrnm~2 (MPa) |
E.Advanced. Options ¥ .
[ Plot Step Al
(=] [=]

I @ 243.022 microsec

»

Deformed Shape

%ﬂutomatic

(O True scale

O User defined

o |

« |

i’roperty
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Animating the Plot

1 Animate the Plot.
m  Click the Plot Tools drop-down arrow menu from
the Simulation tab in the CommandManager.

® Click Animate . The Animation
PropertyManager is displayed.

m  Click Play El to start the animation. View the
animation in the Graphics area.

m  Click Stop El to stop the animation.

SolidWorks Simulation Professional

[@3 Plot Tools
@ﬁ Section Clipping
@D Isa Clipping

_/ | Probe

_g List Selected

@ Save As

B> | Animate

[=:]
1
B
3
w

g

won Mizes (Mimm*2 (MPa))
2445724
2244714
L 2,040.703
. 1,836.693
_ 1632683
L 14258673
| 1224883
| 1020653
| B16.643

. B12.633

405 623
204613
0.E03

® Click OK from the Animation PropertyManager.

Running the Analysis
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Note: You can save the animation of the plot in an AVI file format.

2 View the Displacement Plot.
®  Double-click Displacement1 (-Res disp-). View the plot in the Graphics

window.
Model name: Housing_Assy
Study name: Droptest-Study 1
Plot type:  Dizplacement1
Plot stepr 25 time : 243.028 Microseconds
Deformation scale: 1
URES (mm)
1137
' 1.063
_ 0889
. 087s
L orE
| 0BT
0.593
| 0.499
_ 0403
L 03
0217
0123
0.029
3 Create the Time History Graph. B Droptest sty 1 (oeFalE)
m  Right-click the Results folder. © Grars
. . . . = ﬁ; Connections
m  Click Define Time History Plot. The SR e
Time History Graph PropertyManager is " setup
d. 1 d @Result Options i
isplayed. Grresh :
=] El wE [ solver Messages. ..

. ﬁ” g Define Stress Plat...

'h;:i &l Define Displacement Plot. ..
&E Define Strain Plot. ..

_IZ? Fil_ﬂe Time History Plat. ..

List Stress, Displacement, Strain
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m  Click Node 1 as illustrated.
m  Select Time for X-Axis from the drop-down menu. -
m Select Translational Acceleration for Y-Axis "

from the drop-down menu.

m  Select g for Units from the drop-down menu.

4 View the Time History

Graph.

m  Click OK from the
Time History Graph
PropertyManager.
View the Graph.

m  Close the Time History
Graph.

5 Save and Close the

Model.

m  Click Save .

m  Click Window, Close
All from the Menu bar
menu.

Running the Analysis

# Time History Graph

File ©Options  Help

SolidWorks Simulation Professional

»

Response

®) all nodes
— (Hodei I8

i ais:

Translational Accelerati -
l ARES: Resultant Accele v

X-Axis Range (Time) 3
@ Full:
O Defined:

3 0D A B SR R

D00 s R R L R R

ARES [g)

0.00+004
9.72

Time History Graph

56.38

10304 14970 19636

Time [microzec]

24302 28968

—+— HNodel

586385, 663934
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Optimization Analysis
The Optimization analysis enables designers to meet functional design
specifications without wasting materials and overdesigning. Seemingly
insignificant amounts of weight cut from dozens of components can add
significant cost reductions in production, shipping, and packaging. You can also
test designs with alternate lighter or lower-cost materials in SolidWorks
Simulation.

Perform an Optimization analysis today on the EndCap. The goal of the analysis
is to minimize the mass of the EndCap. Optimize the EndCap Lip thickness and
the Rib thickness in the analysis.

Rib Thickness

The Factor of Safety is greater than one.

o

Time: 15 - 20 minutes
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Creating an Optimization Analysis
1 Open the Part.

Click Open from the
Menu bar toolbar.
Double-click EndCap from
the SeaBotix\SolidWorks
Simulation
Professional\Optimization
folder. The EndCap (Add
Rib) configuration is
displayed in the Graphics
area.

2 View Static Study1.
B A static study was created for

this part. Click the Study 1
tab located at the bottom of
the Graphics area as
illustrated. Study 1 is
displayed.

3  Run Study 1.
m  Click Run from the Simulation

tab in the CommandManager. View

the created plots in the Results folder.

The Stress1 (-vonMises-) plot is
displayed in the Graphics area.

Optimization Analysis

SolidWorks Simulation Professional

Laok in: | £ Optimization % (€] 5 il FEF A
=l
@ EndCap.5LDPRT
File name: [ v 3
Filez of type: ;So\idWorks Files [*.sldprt; . sldasm; * slddnu] »
Description:  <None>

[ Quick view

Solidvorks Premium 2010

[ A, Study 1 (-Add Rib-)
[P Endcap ([3w]arst 1020-)
ﬁ; Connections
= g:fFixtures
Qe Restraint-3
= _i_] External Loads
LU Pressure-1 (31500 psis)
4 Force-1 {:Per item: 54182 |

%&Mesh
[ || Results
G & o
= Run | Results I §
—_ _> Advisor ocingsinhd
Results

[office Products | Simulation

[ Study 1 (-Add Rib-)
[P Endcap (-[3w]alst 1020-)
ﬁ; Connections
= g:fFixtures
Qe Restraint-3
= é] External Loads
LU Pressure-1 (31500 psi:)
4 Force-1 {:Per item: 54182 |
% Mesh
—P- [ Results
5

& Displacement] {-Res disp-1
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SolidWorks Simulation

Model name: EndCap

Study name: Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 128776

iz 3.597e+004]

von Mises (psi)
3.597e+004
3.290e+004
. 3.001e+004
. 2702e+004
. 2.404e+004
| 2106e+004
1 B08e+004
1.500e+004
L 1.211e+004
L 9127e+003
6.145e+003
3.162e+003
1. 790e+002

— Yigld strength: 5.099e+004
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4 Create an Optimization Study.

B Right-click on the Study 1 tab at the bottom y

of the Graphics area.

Click Create New Design Study. The
Design Study 1 tab is displayed along with

the Design Study dialog box.

Duplicate
Rename
Delete

Create Mew Motion Study
Create Mew Simulation Study

9 Desian study 1 Yariable Yiew | Table Yiew | @ @
-|[5| Results and Graphs
= Wariahles
Ciick heve to add lVariables bt
1= Con:
| Cilck heve to add Constraints v1
= Goalz
| Ciick heve to add Goals v|
WA F TR [_Model [ Motfion Study 1 Study 1 ] Tor Design St 1
Solidworks Premium 2010

Optimization Analysis
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Note: You can also click Simulation, Design

ariable View able Wiew 2sulbs Viey
Study from the Menu bar menu. b el _ | Tt | | L
5 Select the First Design Variable = Variskles

(EndCap Thickness) for the -

Optimization Study. il

m Click Add Parameters from the
Variables drop-down menu. The
Parameters and Add Parameters dialog
box is displayed.

6 Locate the .150
EndCap Lip thickness
dimension.

m  Rotate the model
with the middle
mouse button and
Zoom 1in on the
.150 EndCap Lip
thickness
dimension.

m  Click the .150
EndCap Lip thickness dimension
as illustrated. The selected

Add Parameters

dimension is displayed in the Nare: [EndCapThicknesd i
Add Parameters dialog box. Comment (optianall |

m  Enter EndCapThickness for Filter: | Model dimensions v|
Name. Type: rsior

m  Click Apply. The information is User defined valve: [0 10|
added to the Parameters dialog Model dimension: | DEGSLEchGEdCap Pal |
box. [ ok ] [ cancel | prply | [ He
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7 Select the Second
Design Variable (Rib
Thickness) for the
Optimization Study.
m  Click the .150
EndCap Rip
thickness
dimension as
illustrated. The
selected dimension
is displayed in the
Add Parameters
dialog box.

m Enter
RibThickness for
Name.

m  Click OK from the
Add Parameters
dialog box. The
information is
added to the
Parameters dialog
box. View the
Parameters dialog
box.

m  Click OK from the

Parameters dialog

SolidWorks Simulation

“,

Add Parameters

Mame; | RibThickness |

Comment [optional]: | |

Filter: | Model dimensions b |

Type:

Uszer defined walue: |01° it

Modsl dinension: |01 E0k=ichoGE ndiap el |

l 0k, [\] [ Cancel ] [ Apply ] [ Help ]

box.

Mame

EndCa... Length/Di.. i

RibThi...

Lnit User defined wa...  Cument value  Ewxpresz..  Comment
0.15 0.15 D8ESke...
lin___J015 [ 015 ____|Di@5ke

Add...

][ Edt. | [ Dekte ]LRDK | [ cancel ][ Heb

102

Optimization Analysis



SolidWorks Simulation SolidWorks Simulation Professional

8 Expand the Variables cell in the Design Study.
m  Click the drop-down arrow in the Variables cell. View the results.

Wariable View | Table Yigw ‘ Lﬂ )
Optim\zation Total active scenarios: 9
= Yariakles
EndCapThickness _Ranga with step v| Min: |0.075in : s _D 223in : Step: _D.DYSin :
RibThickness Range with step v| Min: |0.075in 5 M |0.2250 = Step: |0.075in B
=] Constraints
[ Click here to aad Constraints vl
1=l Goals
Click heve to add Gogls vl
9 Set the ranges for the variables in the Design ——

Study EndCapThickness | Ranoe with Ster ¥

m Select Range from the drop-down menu for RiThickness
EndCap Thickness. Clekhere f 264V S

m  Select Range from the drop-down menu for

. . =l Wariahl
Rib Thickness. e :
. EndCapThickness | Range with step v|

m  Enter the illustrated numbers for the EndCap i e snal
Thickness (Min: & Max:) range and the Rib Gl e

. A Dizcrete Values
Thickness (Min: & Max:) range. SR Range
[=Vanates
iEndCa_pThic:kness _Range v| Mir: _D.DSin : RS _D.2in \ :
e Range v| Min: |0.05in & Maz: |0.2in B
| Click here to add Variabies v| N
10 Set a Constraint (Sensor to monitor) the study. — ——

m Click Add Sensor from the Constraint drop- [EndCapThickness | Range d
down menu. The Sensor PropertyManager is [rioThickness | Range v
displayed | Cifck heve to add lrariables v|

I=l Constraints
= Zoald
| Ciick here to add Goals ]
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m  Select Simulation Data for Sensor Type. —

Sl |
B Select Stress for Results. 8| E H? |
m Select psi for Units. ST :
m Click OK from the Sensor PropertyManager. Sensor Type

3
I

bk | sirmulation Data 4—— v

Walue ; 35972.6 psi

Data Quantity ]

kA | tress  — v-%

h |VON: won Mises Stress b i

Properties #
A
@ I_ModeIMax vi

«

! [JFactor of Safety

!Dnlert ¥ |
11 Set the conditions _
for the Constraint. | : n—
Stress1 Maie: |B0000 psi ~ | Study 1 W
m  Seclectls less e
than for Stress.
®  Enter 60000 for
Max condition.
12 Set a Goal (Sensor to monitor) the study. e
®  Click Add Sensor from the Goals drop-down Stesst  |iskessthen
menu. The Sensor PropertyManager is Slick hore fo add Gonotiaits 88
displayed.

m  Accept the default Sensor Type: Mass

Properties. Click OK from the Sensor
PropertyManager.

« ¥ 42

Sensor Type "

e | Mass Properties \7|

Properties -]

i I_Mass | |
]

Walue : 1.91677824 kg

| [ alert ¥ |
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13 Set the condition for the Goal.
m Select Minimize.

14 Run the Design Study.

m  Click the Run button. The results table
is displayed and updated as the study is
running. This may take a few minutes.
View the finished table. You can now
interact with the results.

= Goals

G -
Click heve to add

;Slug‘! Bt

S

T
| hinimize

Maximize
|z exactly

Variable Yiew | Table Yiew |

=l

Opkimization
RibThickness | Range »
Ciick heve to add lrariables vl
1=l Conztrairts
ol s e o S
Clisk here 1o aod Constraints |
1= Goals
Hciss TR 111 b |
Ciick heve to add Goals vl

@SnlidWorks i File Edit View Insert Tools Simulation Toolbox Window Help le -0 2--F0=%

@ 9
Study | Design
Advisor | Study

Features | Sketch | Evaluate | Dimipert | Office Products | Simulation |

=

Y (edl-NE
(7

[ ] Sensors
- A| Annatations

3= arst 1020
%5 Planel
&> Planez
%5 Planed
I.. Crigin
(el 6?5 Base-Revalve
&> Plane?
= @ Ribs Extrude
§% CirPatternt
(el @ Cut-Extrudel
- [ split Line1

] Fillet1

W, EndCap (Add Rib=<Add Ribz_Disp

[+ {;ﬂ Lights, Cameras and Scene

| P

2 |

>

Q8 s n s

@ o @R O

®

BREEIEER

TF Design Study 1
(0] Results and Graphs

Variable Yiew

11 of 11 scenarios ran successfully, Design Study Quality: High {Right Click + Run to calculate accurate results for a

Table Yiew | Results Yiew |

[l

| Current | Initial Optimal Iteration 1 |
- | =
EndCapThickness | J 104250 04500 0.125in 0.2in 0.05ir = |
p 2 |
RibThickness J |0.05in » |0.15in |0.05in 0.2in 0.2in
i - EANAR e LAAED wni l2EnTa i lennee vai ABAS wni aasa ¥
( |
Salidyarks Premium 2010 Editing Part [7] &
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15 Interact with the Results.

Note:

106

16

SolidWorks Simulation

m  Click in the Initial B
ErdCapThickness W 0.15in
Column. 5 .
. . . FibThickness |0.15in
m  Click in the Optimal _ _
ress] 5 60000 psi _359?3 psi
Column. Comp are the two ass1 hiniimize 191678 kg
columns.
Current Initial
- ~
EndCapThickness %) 0.125in » |0.15in
You can look at any of the 4 — @
. d d 1 d . b d . RibThickness v 0.05in » 0.15in
individua eSIgnS y ragg%ng Stress1 = 60000 psi | 59268 psi 35973 psi
the Endcap :TthkneSS or Rlb hiazs1 hinimize 170618 ky  1.91675 ky
Thickness slider.
Current
EndCapThickness Ré 0.125in :
RibThickness ¥ 0osn -
Stressl = BO000 psi 59268 psi
Mass1 hdinimize 1. 70618 kg
View the Trend Results. _
. . B Design Study 1 H| v
m Right-click the Results and Graphs & (] T
folder R stre Purge Resulks

m Click Define Local Trend Graph. The

Local Trend PropertyManager is
displayed. View your options.

® Click Constraint. Accept the default
settings.

m  Click OK from the
PropertyManager. View the results in
the Graphics area.

Define Design History Graph, .,
Define Local Trend Graph. ..

Customize Menu

B |
o %

Design variables {X-Axis) #
|EndCapThickness »
Y-Axis
) Objective

%onstraint
Shfessi w

[rormalized ko initial value

=

: Local trend at

2|

Optimal w
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17 Close the Graph1 dialog box.
m Click Close.

18 Save and Close the Model.
m Click Save

& Graphi
File Options  Help

SolidWorks Simulation Professional

EBIX

Local Trend: Design Study 1 Optimal

/

- B DO e
m Click Window, Close All
1.40+05
from the Menu bar menu.
B e P
Z
"2 1.00+05
o
o
AT e e e e
G.O0+044- - B SR
400404 i
0.05 0.08 o 0.1 017 n.z0 0.22
EndCapThickness (in)
——  Stresz] [psi]
0.134643, 96065.6
@SnlidWo[ks jj Fle Edt View msert Toos Smulaton Toobox Window Help QID -0 2.0
@ m
Study | Design
Advisor | Study
Features [ Sketch [ Evaluate I Dimxpert | Office Products [ Simmaﬁoni -8 %

»

NS
?
T EndCap (Add Rib=<Add Rib>_L A
&l \E Sensors
[+ [A] Annotations
[+ [z] Lighs, Cameras and Scene
8= arst 1020
\<§ Flanel
Q Planez
\<§>\ Plane3
L, origin
= 6'-:?6 Base-Revolve
\<§ Plane?
(E2] @ Ribs Extrude L
o CirPatterni
I @ Cuk-Extrudel

W@ T o @R Q-

Lo [w[58|0eE

Solidwarks Premium 2010

Ad
< | >
W[Les'gn StIUdY ld : ‘ Variable Yiew Table Yiew | Results Wiew | E
= Resulk Gl
= IE éf:ts anl s 11 of 11 scenatios ran successfully, Design Skudy Quality: High (Right Click + Run ko calculate accurate resulks For &
tess d |
E | CunentA | Initial Optimal eration 1 Ilerii
EndCapThickness J 10.125in >.|0.15in |0.08in
Al
RibThicknezs J |0.05in » 01500 (0.2
Streast = B0000 psi _59288 _psi 5359?3_ i _1 .4SBSE+!
Mass1 hinirmize 1.70518ky  |1.91678 kg NE170S |
£ 5|
|« | © ' =
W4 |+ 5 [_Model | Mofion 1 Study 1 | B Si 1

Editing Part

)

Optimization Analysis
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Fatigue Analysis

It is observed that repeated loading
and unloading weakens objects over
time even when the induced stresses
are considerably lower than the
allowable stress limits. This
phenomenon is known as fatigue.
Each cycle of stress fluctuation
weakens the object to some extent.
After a number of cycles, the object
becomes so weak that it fails.
Fatigue is a primary cause of the
failure in many objects, especially
those made of metals.

SolidWorks Simulation

3 Finger Jaw

The SeaBotix LBV 150 contains an optional MiniGrab assembly. In this study, you
will analyze the 3 Finger Jaw part which is attached to the SeaBotix LBV 150 to
grip and hold objects from the sea floor. Before you create the Fatigue analysis,
perform a Static analysis with a force applied to the tips of the 3 Finger Jaw.

MiniGrab Assembly

Time: 15 - 20 minutes

Fatigue Analysis
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Creating a Fatigue Analysis
1 Open the Part.

m  Click Open from the Menu bar
toolbar.

®  Double-click 3 Finger Jaw from
the SeaBotix\SolidWorks
Simulation Professional\Fatigue
folder.

Lookin: | £ Fatiaue ol m
(Finished;

*s 3 Finger Jaw,SLDPRT

File riame: v [Coeen -]

Files of type: | Solidworks Fies " skdprt: * sdasr; * slddr) [+ |
Desoiption.  $Mone>

[ Quick view

Referances..

2 Create a Static Analysis Study.

m  Click the Study Advisor drop-down arrow from the

Simulation tab in the CommandManager.

®  Click New Study . The Study PropertyManager is

displayed.
® Enter Static-Study 1 for

Q |
Study | Design
Advisor | Study

I Q;%Study Advisar
[ q Mew Study{_

||

Y=
&

name.

B
o
ol

m  Click Static [€] for Type.
3 Display Static-Study 1.

m  Click OK|+ |from the Study
PropertyManager.

Note: The Static-Study 1 tab is
displayed in the bottom corner of

the Graphics area.

Fatigue Analysis

% 3 Finger Jaw (Default < <Default
|ﬁ| Sensors
[+ .LI Annotations
# :ﬁl Lights, Cameras and Scene
3= Material <not specified:=
& Front Plane
%> Top Plane
% Right Plane
I.. Qrigin
[+ @ Extrudel |

| Message ®

| Name

f.T\|l'pe

Lt 3
%@ 3 Finger Jaw

ﬁ; Connections

g:f Fixtures

_i;] External Loads

% Mesh

v % =

Study stresses, displacements,
strains and Factor of safety For
components with linear material

1

[ staticstudy 1 €—

|

@] static

|quency

|§ ! Buckling
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Applying Material

1

Note:

110

Apply Material.

m  Click Apply Material from the

Simulation tab in the

CommandManager. The Material dialog

box is displayed.

Click Apply.

SolidWorks Simulation

= o i LE
Study .-'-\‘_I Fixtures External Connections Run
Advisor PPY  Advisor Loads...  Advisor
Material
Features | Sketch | Evaluate | DimXper | Office Fj

Expand the Aluminum Alloys folder.
Click 6061-T6(SS) Alloy. View the material properties.

Click Close. Material is applied to the part.

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

the parts.

i &
3= a0z 4| | Properties | Tables & Curves | Appearance | CrossHatch | Custom || Application Data [ F € *
: §E S Material properties
i $= s0s2Ha4 Materials in the default library can not be edited. You must First copy the materisl to

= 5052-H36 a custom library to edit it,
= 5052-H3g
= |Linear Elastic Isotropic v
= 5052-H38, Rod (55) = ———
[st-Wjm~z (Pa) A
—
[ :I
= S454-H111 Feae Crreee
= S454-H112
= S454-H32 | |
3= 545434
- §=same0 | |
- 3= o8t alloy -
i §= 6061-0 (55) Property |Va|ue Lnits |
; §: e Eiastic moduls B S00000067&+010 Nin'2
1A= T4 (35) Poizzon's ratio 0.33 ) iy
[ 51506116 (55) Shesr moduus 2 FO0000013+010 Nin"2
065 . . hazs densty 2700 kg3
g:zl?i;t?ﬂs}'m (357 Tensie srength 310000002 1 N2
Appearance : ‘satin finish aluminum’ Compressive Strength in X . Mim*2
¥Hatch : 'ANSIZE (Aluminum)’ = “ield strength 2750000008 Mim*2
= 6063-T5 Thermal expané\.on coefficient 2.4e-005 K )
= (063-T6 ;h?rrzal inr;__:{uctlwty. 18223 \j\:(}(km:;()j
pecific he: )
= e ToiRodian) Waterial Damping Ratio i
= 6063-T83
= F0S0-T73510

| £

Static-Study 1 (-Default-)
[ 2 Finger Jaw (-6061-T6 (55))
ﬁ; Connections

- g:f Fixtures

- @ External Loads

% Mesh

Fatigue Analysis
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Adding a Fixture

o | 4 9
1 Adda Fixture. e
m  Click the Fixtures Advisor drop-down arrow . .
from the Simulation tab in the CommandManager a;ék%xtures Adisor
[ Cligk Fixed Hinge. The Fixture PropertyManager _:':IT: f;;:fw
is displayed. — 1) Fredring

Elastic Support

Advanced Fixtures

2 Select the Cylindrical Face to be
Fixed.
®  Click the inside cylindrical face
of the hole in the 3 Finger Jaw as
illustrated. Face<1> is displayed.
Note the icon feedback symbol
for a face.

m  Click OK from the Fixture
PropertyManager. Fixed Hinge-1

is displayed.
" ¥}
ERER

A

Standard{Fixed Hinge) ~

|§| Fixed Geometry
|,§| Raoller/Slider

@| Fixed Hinge
6 Face<1>

¥ Static-Study 1 {-Default-)
[ = Finger 32w (-6081-Té (55)-)
ﬁ; Connections
= g:fFixtures
@Fixed Hinge-1 |Advanced
@ External Loads
% Mesh | Symbol Settings

«

«
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Add a Second Fixture.

SolidWorks Simulation

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

® Click Advance Fixtures. The Fixture
PropertyManager is displayed. Perform a radial

support on the right-hand face.

Select the inside Cylindrical Face.

®  Click the On Cylindrical Faces
box.

® Rotate the model to view the side
cylindrical face as illustrated.

B Click the inside face of the slot
as illustrated. Face<1> is
displayed.

Select Units and Displacement

Components.

®  Seclect inch from the Units drop-
down menu.

® Click the Radial box.

Apply the Second Fixture.
m Click OK from the Fixture

PropertyManager. On Cylindrical
Faces-1 is displayed.

T
g | 48 73
Fixtures | External Connections
Advisor | Loads...  Advisor

g:\skixtures Advisor l
Fixed Geometry
RaollerjSlider
Fixed Hinge
Elastic Support

—> Advanced Fixtures

S [E=YES >
7

% 3 Finger Jaw (Defaulk<<Default=_
(2] sensors

= |A] Annotations

[+ ﬁl Lights, Cameras and Scene

3= Material <not specified:>
% Front Plane
% Top Plane
%> Right Plane
I.. Crigin
H @ Extrudel v
) _ >

¥ Static-Study 1 (-Default-)
[ = Finger Jaw (-6081-T6 (55)-)
ﬁ; Connections
= g:\gFixtures
@ Fixed Hinge-1
Ej On Cylindrical Faces-1 {:0in:}
‘i_j External Loads

% Mesh

On Cylindrical Faces: l

Standard ¥
Ad"vanced.(.tl.n. l.:;rl-imirica.l. ﬁ .
Faces)

| El Symmetry

|Lu_=5| Circular Symmetry

|t_]j| Use Reference Geometry

|[_| | On Flak Faces

l [ j n Cylindrical Faces

|'- g j'| On Spherical Faces

a

|| L

Translations

—Oeverse direction

rad

=
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Applying a Force

1 Apply a Force. | 18 7 @
m  Click the External Loads drop-down arrow from the E@”ﬁll el
Simulation tab in the CommandManager. . %Extemd T
m  Click Force [£] The Force/Torque — L Foe
PropertyManager is displayed. _ E :;S:;e

B Check the Normal box.
2 Select the contact face.

m  Rotate the model with
the middle mouse
button to view the top
contact face as
illustrated.

m  Click the top contact /'
face. Face<I>is
displayed in the Faces
for Normal Force box.

3 Set Units and Value.

m  Sclect English (IPS) in the orce, Torque
Units box. ¥ ¥ =
m  Enter 30Ibf in the Force value Trpe |5pt]
box. [ForceTorque. 4]
L;l Force
Note: 30Ibf is the normal force that the (B roraue
MiniGrab assembly can apply in P ===
holding an object from the sea
floor. TN
(&) Mormal
() selected direction
4 Apply the Force. [ Static-study 1 (-Default-) 8 [ >
m  Click OK | ¢ | from the Force/ Wsrroersavcettecsn | f
T2 Connections |30 Ibf
Torque PropertyManager. = g Fidtures ClReverss direc
e di i Fived Hinge-1 @ per item
Force 1 18 dlsplayed' B On Cylindrical Faces-1 {:0in:}
= (] External Loads — ]
L Force-1 {iPer item: 30 Ibf:) D Nonuniform Distribution ¥
5§ Mesh e ¥
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Meshing and Running the Model

1 Mesh and Run the Model.
m  Click the Run drop-down arrow
from the Simulation tab in the
CommandManager

® Click Create Mesh . The
Mesh PropertyManager is
displayed.

B Check the Run (solve) the
analysis box.

B Click OK|¥ | from the Mesh
PropertyManager. View the
results. Three plots are created.

2 Fit the model to the Graphics area.

B Press the f key. View the Stressl
(-vonMises-) plot in the
Graphics area.

?Static-study 1 {-Default-)
[ 2 Finger Jaw (-6061-T6 (55)-)
ﬁ; Connections
= g:fFixtures
e @ Fixed Hinge-1

= E External Loads
4 Force-1 (:Per item: 30 IbF:)
% Mesh
= {El Results
8]
- w Displacement] {-Res disp-
. hg Strainl {-Equivalent-)

: Ej On Cylindrical Faces-1 {:0in:

SolidWorks Simulation

Results Coare
Advisor Results

Run

| Run Design Scenarios
| Create Mesh

| Run All Studies

R

Mesh Density ]
B 03—
Coarse Fine
| [OMesh Parameters ¥ |
|Advanced ¥ |
Options ]

Fl Save settings without
meshing

un (solve) the analysis
L)

Model name: 3 Finger Jaw

Study name: Static-Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 1

von Mizes (Mimm*2 (MPa))
126373
115545
. 105323
. 847495
. 4273
73745
63.223
52695
L 42173
_ 31645
21123
10.585
0073

— ield strength: 275.000
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Perform a Fatigue Check Plot. R :
1 Create a New Fatigue Study. %I\f;:m'l L

Advisar,.,

m  Right-click the Results folder. - oy g-—
m Click Define Fatigue Check Plot. The Fatigue g
Check Plot PropertyManager is displayed.

2 View the Fatigue Check Plot.

Solver Messages. ..

@ Define Factor OF Safety Plat)
ﬁ Define Stress Plat...

m  Click the Fully Reversing Load button. View the < PR e
results in the Graphics area. There is a possible R Define Strain Plt...
Fatigue issue | Define Design Insight Plat. .

: — Dﬁ;;g:;c—h;cm;“

m  Click Cancel from the Fatigue Check Plot
PropertyManager.

@SnlidWorks '] Flle Edit View Insert Tools Smulation Toobox Window Help 59[ h Il 7 52 g 2+ A X

Features | Sketch | Evaluate | Dimxpert | Office Products | Simulation | 8 x
- B %
Hﬁ | FES | S 0 - () wéssimeme: 3 Fingelin
e = = Study name: Static-Study 1
ue Check Plot 7 = 3 Finger Jan (Defauit <<Def... Plot 1ype: Fatigue Check Plot Fatiue Check1 A
l_I Sensors
‘ﬁ x -0:'1 [EX _A Annotations ﬂ
‘Message v |,: 4 |ﬁ:‘ Lights, Cameras and Scene =
i §: [t
Modifying Factors A [ @
Loading bype | \<9‘ Top |
S, =& Right Plane e
PIIL I.ﬂﬂ.‘ [ l—u 2rigin
] @ Extrudel ﬁ
(%) Calculate o @ Cut-Extrudel
7
(i Specify 4

[0:923 |

01

!ms |

Cumulative Fackor: 0657637

-
Material &

Material: 6061-TE (551 —
Fatigue strenath: 1,55e-+008 | 3¢ Static-Study1 |

M2
I Editing Part 7] &)
Srale this value

0 Possible Fatigue

‘ou should run & Full Fatigue
analysis For more detailed
restilts,
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Creating a New Fatigue Study.

1

Note:

116

Create a New Fatigue Study.

m  Click the Study Advisor drop-
down arrow from the
Simulation tab in the

CommandManager.

m  Click New Study [2] The
Study PropertyManager is
displayed.

® Enter Fatigue-Study 1 for
Name.

®  Check Fatigue for Type.

Display the Study.

m  Click OK from the Study
PropertyManager. View
Fatigue-Study 1 (-Default-).

The Fatigue-Study 1 tab is
displayed in the bottom corner of
the Graphics area.

View Loading Event.

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

m  Click Add Event[] The Add
Event (Constant)
PropertyManager is displayed.

B Sclect Static-Study 1 from the
drop-down menu.

®  Enter 100000 cycles box.

m  Click OK[¥] from the Add
Event (Constant)
PropertyManager.

® Click 3Finger Jaw in the Study
tree. View the results.

% Right Plane
- I.. Crigin
H @ Extrudel

SolidWorks Simulation
Sb..l_dy Aé;\" Fixtyres
Advisor Material Advisor
@;%Study Advisar
-| Q Mew Study
| Study Properties
« K B
‘ Message ¥ ‘
Name A
[Fatigue-study | €— |
Y [edl NED »| | Raee ®
& || static
% _Sfinger Jaw (Default<<Defaul= A ‘El ey
|£2] Sensors e
@ El Annokations ‘iﬂ Buckling
[+ |ﬁ_‘ Lights, Cameras and Scene ‘Q_ﬁl Hheral
§: Material <not specified = —
\<§\ Front Plane \i‘lﬂ Drop Test
% Top Pl "
<>\ i @l Fatigue

i
‘ " linear

‘El Linear Dynamic

1€

C@Fatigue-study 1 {-Default-)

‘@l Pressure Vessel Design

Options 3
@ Loading {-Constant Amplitude-) e
|/~ Result Options _’[& |ML |
Ry Piot Took 70
Fatigue | Design
w Report Study

ert | Office Products |85 | Add Evert

« X 42

Load A

pey [100000 €—

o | Fully Reversed (LR=-1} L

C@Fatigue-study 1 {-Default-)
@ 3 Finger Jaw
= @ Loading {-Constant Amplitude-)

@ Event-1

l/_— Result Options
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4 Edit the Fatigue data.
m Right-click 3 Finger Jaw.
m Click Apply/Edit Fatigue Data. The Material

@Fatigue-study 1 {-Default-)

=" _Apply,l’Edit Fatigue Data

: _ EE Ev
dialog box is displayed. [/_’Resslt

Copy

B Check the Derive from material Elastic
Modulus box.

B Sclect Log-log from the Source area.

m  Click Apply.

B Click Close. View the results.

R = #| | Properties | Tables & Curves | FatiDUEENCUWESI‘Appearanca ‘CrossHatch | Custom 4 ¥
; Source Preview
e Interpalate: |Loglog 1
) E ) Define: | ]%
= Derive from material Elastic: Modulus:
i § ) i 4 () Based on ASME Austentic Stesl curves
SE RS D (0 Based on ASME Carbon Steel curves
g 5 e Table data
35 0 Stress Ratio (R ) ‘ | Units: Ime"Z vl
§§ Pairts A [ B [
= 1 100 £36360430.21 =
gf : 2 200 48007067614
= 35 3 500 SE0545060.04 =
3= 38, Rod (55 4 1000 29014134557
3= ] 5 2000 23650176908
5 ; ! El 5000 [185300355.16
3= 7 10000 [155042404.34 2]
E U Source: |
i=
1E sos /
| EOmme ¥
5 Run the Study. a G o
. 32 . . Study | Run | Results
® Click Run from the Simulation Advisar Advisor
CommandManager. View the Results S [ [
Features | Sketch | 8
folder.
C@Fatigue-study 1 {-Default-)
. . i @ 3 Finger Jaw {-ASME Austenitic Steel-)
Note: 100,000 cycles represents approximately £ Lssirg CCenstarc ATicltdes
100 cycles/dive x 100 dives/year x 10-year |~ Result options
. . = @Results
life expectancy of the unit. D Results (Danage-)
& Resulksz {-Life-)
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View the Life Plot.

B Double click on
the Results2 (-
Life-) folder. The
Life plot is
displayed.

Display the Chart

Options

PropertyManager.

®  Double-click on
the Life plot in the
Graphics areas as
illustrated. The
Chart Options
PropertyManager
is displayed.

Reverse the Life plot
results color.

®  Expand the Color Options box.

m  Click the Flip box.

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

Graphics area.

SolidWorks Simulation

Total Life (cycle)
1,000,000.000
19,254,625

| 536,508,250

. 757 763675
/v . B77,018.500
| 596,273.125
515,527,718
434,782,344

| 354,036,938

| 273,291 563

I 192,546.188

111,300.805

31,055 426

Color Dptions _> 3

| Default » i

=t |12 |

|

Flip

User Defined

1 I

2

Total Life (cyclz)
1,000,000.000
919,254 B25
838,509.250

L TSTTE3ETS

B77 015 500

S96 273125

515527 719

434,782 344
_ 354036933
L 273291 563

192546188

l 111,800 805
31,055 426
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Applying a Load Factor

1 Apply a Load Factor.

Right-click the Results folder.

Click Define Fatigue Plot. The Fatigue Plot
PropertyManager is displayed.

Check the Load Factor box.

Click OK from the Fatigue Plot
PropertyManager. View the Results folder.

2 Save and Close the Model.

Click Window, Close All from the Menu bar
menu.

SolidWorks Simulation Professional

@Fatigue-study 1 {-Default-)
[ 2 Finger Jaw (-ASME Austenitic Steel-)

= @ Loading {-Constant Amplitude-)

@ Event-1

l/_— Resulk Options

=) T

: & R Solver Messages. ..

& H E-' Define Fatigue Plat. .,

% List Fatigue Results. ..

Plot Type
O Life

O Damage

Load Factar
iaxiality indicator

| Property

»

«

ﬁFatigue-Study 1 {-Default-)
@ 3 Finger Jaw {-ASME Austenitic Steel-)
[ @ Loading {-Constant Amplitude-)
l/_— Result Options
= E] Results
& Results1 {-Damage-)
& Results2 {-Life-)
&

Model name: 3 Finger Jaw

Study name: Fatigue-Study 1

Plat type: Fatigue(Load factor to cause failure) Results3
Load factors less than 1.0 indicate failure

Load factor
1,203.118
1,102,823
1,002.729

L 902534
. 802339
| 702145
I B01.950
L 501756
. 401 561
. 3013687

L 20172

I 100 978
0.783
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SolidWorks Simulation Professional Conclusion

120

In your short time today, you have seen firsthand the functionality of SolidWorks
Simulation Professional applications. In addition to the design validation
functionality contained in SolidWorks Simulation, SolidWorks Simulation
Professional offers expanded analysis capabilities including: Thermal, Frequency,
Buckling, Optimization, Fatigue, and Drop Test Simulation.

Understand the effects of temperature changes. Temperature variations
encountered by mechanical parts and structures can greatly influence the
performance of your designs.

Evaluate natural frequencies or critical buckling loads and their
corresponding mode shapes. Often overlooked, inherent vibration modes in
structural components or mechanical support systems can shorten the life of your
product and cause unexpected failures.

Optimize designs based on your defined criteria. Design optimization
automatically determines the optimal design based on your specified criteria.

Simulate virtual drop tests on a variety of surfaces. In the event that your part
or assembly might be dropped, find out whether or not it can survive the fall
intact.

Study the effects of cyclic loading and fatigue operation conditions. See the
effects of fatigue on the overall lifecycle of your part or assembly to find out how
long it will last and what design changes can extend its working life.

SolidWorks Simulation Professional Conclusion
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SolidWorks Flow Simulation

When you complete this chapter, you will have experienced the power and
capabilities of SolidWorks Flow Simulation, including:

®  The benefits of using fluid-flow analysis.

m The ease of use of SolidWorks Flow Simulation to perform analysis on your
design.

The steps for performing upfront analysis on your designs.

The integration between SolidWorks Flow Simulation and SolidWorks.

The results of cost reduction with virtual prototypes to save resources.

The ability to document your analysis findings automatically.

Time: 20 - 25 minutes
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SolidWorks Flow Simulation is the
first easy-to-use fluid-flow
simulation and thermal analysis
program that is fully embedded
inside SolidWorks. You will utilize
SolidWorks Flow Simulation to
understand, validate, and improve
new product ideas during the
design phase.

SolidWorks Flow Simulation
provides the user insight into parts
or assemblies related to fluid flow,
heat transfer, and forces on
immersed or surrounding solids.

You will use the SolidWorks Flow
Simulation Wizard to analyze the
drag created by the SeaBotix
LBV150 assembly as it moves
through seawater. This information
is critical to choose the correct size
thruster required for the assembly
to perform its tasks.

SolidWorks Simulation
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Starting a SolidWorks Flow
Simulation Session

SolidWorks Flow Simulation

1

N | 59 Solidwiorks Flow Simulation ~ Q¥ m-
Open the SeaBotix LBV150 HyFean S
Assembly_ @ % LBY_ASSY.SLDASM
m  Click Open from the peen
Menu bar toolbar.
B Double-click LBV_ASSY o ‘ W=t
f — ¥ [ l-
from the . * Files of type: | Asserably [* asm:® sldssm] w| [ canca |
SeaBotix\SolidWorks Sl o e
Flow Simulation folder. A b mEFER
simplified model opens in M et
the Graphics area.
Activate SolidWorks —
Simulation Flow Simulation module. B Thetions =
m  Click the Options &l | drop-down e
-qns... —
arrow from the Menu bar toolbar as _ _
illustrated. Add-Ins
B Click Add-Ins. The Add-Ins dialog box T [t |
is displayed. El S‘?IidWDrks Premium Add-ins
. 1% 30 Instant Website O
m  Check the SolidWorks Flow 18 Creutworks O
Simulation 2010 box. O &5 Featursworks
] Phatavwarks

® Click OK from the Add-Ins dialog box.
The Flow Simulation tab is displayed in
the CommandManager.

SolidWorks Flow Simulation

]l scanTazn

D}g Solidworks Desian Checker
[]4# salidwiorks Mation

] salidworks Routing

[C] 0 solidwiorks Simulation
Salidwarks Toolbox

t!? Solidworks Toolbow Browser
] salidwarks Utiities

[  saolidwarks Workgroup PDM 2010
BT Talnatyst

= SolidWorks Add-ins

Autokrace

Solidworks 20 Emulatar
SolidWorks Flow Simulation 2010
Solidworks MTS

SolidWorks XPS Driver

OO0OOo| oooEREOOoooodno

DﬁDD

l

Ok ] [ Cancel ]

A
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Start the SolidWorks Flow

SolidWorks Simulation

Simulation Wizard.

@SulidWorks . File Edit WView Insert Tools Toolbox Flow Simulation

m  Click the Flow Rt B k)
Simulation tab located D . g L smat.
in the = Wizard ]

__Asse Create a new Flow Simulation project
CommandManager. =1 sing the Wizard

5 s i :
i | SJE

Office Products | Flow Simulation

d

m  Click the Wizard
tool. The Wizard -
Project Configuration

Canfiguration
(@) Create new

O Use cunent

box is displayed. Corfgusinnane. — [oetaut 1)
Create new is selected “5g Cmeadterdtoran | Curconasin oot |
[ Flid Subdomains
by default. Accept the s | Comens
default settings. %Z‘Zﬁswm
. -8 Parous Media
[ | Clle Next>. The ,? Initisl Cantions
B Gods
Wizard Unit System i ﬁ.‘“? \I.toca\ Initial Meshes
. R B Resuls
dialog box is S,
displayed. S s |
.. =8 Flow Trajectories »
[ [Nexn Cancel Help
®  Click IPS (in-lb-s) for
Unlt System Lnit gypsten: »
. ” . : . System Path Comment
B Click inside the Velocity £GS (emg-s) PreDefined CGS [omg-s)
. FPS (ftb-s) Fre-Defined FPS (ftdb-s)
Unlt bOX. IPS [in-Ib-s]\ Fre-Defined IFS (in-lb-2]
. RIE1E} -g- Fre-Defined RIE1E} -g-
m  Click Knot from the drop- gl [m.igz]g ] PreDefined gl [m.fg".l"]gs]
down menu as illustrated Hsh FreDefined Hsh
®  Click Next>. The Wizard -
Analysis Type dialog box is | Createrew
dlsplayed‘ Parameter Units | Decimal Places | 1.0 Unit Sl = | A
=l hain
Prezsure & stress Ibtin®z 4 0.0001 45037
“elocity a 1.94354445
Mass Meteridzcond 220462245
Lencth Kilometerhour 39.3700787
Temperature :\(dilemmour 45967
Physicaltime N FQ o 9
+ Geometrical Characteristic Inchizecond
+ Loadz&hdotion Yardfzecond b
P Centimeterfzecand 3 ¥
Milimeterizecond
Footiminute
[W] Custom Unit... [Tlp]

Sol
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m  Click the External box for
Analysis type.

B Click Next>. The Wizard -
Default Fluid dialog box is
di splay ed. Physical Festures [walue

Heat conduction in solids
Radiation

Analyzis type Consider clozed cavities @

O Intemal [ Exclude cavities without fow conditions

%xtemal [ Exclude internal space

Time-dependent
Gravity
Rotation

Reference axis: Dependency... @
% [ Cancel ]

[ < Back ]L et [ Help ]

m  Expand the Liquids folder.

m  Click Water. BT [Pt A [ New.
K ) - Propane Pre-Defined
m  Click the Add button. Water ORI Pre-Defined
is displayed in the Project Febeined

Fluids box.

m  Click Next>. The Wizard -
Wall Conditions dialog box
is displayed. Accept the & steam

default settings.

m  Click Next>. The Wizard - — _
Initial and Ambient Project Fluids | Detault Fluid [ r— ]

Wiater { Liguics )

Pre-Defined
Pre-Defined

Conditions dialog box is

displayed.
Flowy Characteristic |Value |
Flow type Laminar and Turbulent
Cavitation |:|
|
[ < Back ] Mext » ] [ Cancel ] [ Help
5
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m  Double-click inside the Value

. . Parameter | “alue
bOX Of V9|°C|ty in X Parameter Definition User Defined
direction as illustrated. fg. Thermagdyramic Paramsters
. Preszure 14 6958473 lfin2
m  Enter 2 Kn for Velocity. - Tempersture £5.09 °F

B Click Next>. The Wizard -

= Velocity Parameters

el in =ction
Results and Geometry Welocity in ¥ direction 0 a g
. . . e Welocity in 2 direction okn
Resolution dialog box is B Tab s Parar e

displayed.

Note: Two knots is the operating speed.

4 Complete the SolidWorks Flow
Simulation Wizard.
B Accept all default settings.
Click the Finish button.

Dependency...

< Back ]L Mext > ,][ Cancel ][ Help ]

Fesult resalution @

Minimum gap size
[ Manual specifization of the minimum gap size

Minimum gap size refers to the feature dimension
Iinimum gap size:

Minimurn wall thickness
[ Manual specifization af the minimum wall thickness

Minirurn wall thickness refers to the feature dimension

Minirum wall thickness:

[] &dvanced narmow channel refinement Optimize thin wallz rezolution @

< Back F'Eish [ cancel | [ Hep |
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5 View the Simulation.
®m Press the z key three or four
times to Zoom out to view the
model. The surrounding box
simulates the seawater around
the assembly.

6 Analyze the Drag.
m  Click the Flow Simulation

analysis tree tab.
m  Expand the Input Data folder.
B Right-click Goals.
®  Click Insert Global Goals.
The Global Goals
PropertyManager is displayed.
®  Scroll down and check the Max
box in X-Component of
Force.

m  Click OK[#] from the Global
Goals PropertyManager.

SolidWorks Flow Simulation

SolidWorks Flow Simulation

e

= @ Input Caka

__> ® Gook
= Bﬁ Resu\ts

@ Computational Domain
. Fluid Subdomains
E‘,ﬁ Boundary Conditions

wert Point Goals,.,
QEF Me:
& Insett Surface Goals,
u
Insert Wolume Goals.,
£ an

iobnal Loa

" K

| Parameter R
Parameter Min | Av | Max | Bulk Av| Use | A
Welocity || D O
¥ - Component of Yelocity |:| |:| |:| D
W - Component of Yelocity |:| |:| |:| D
Z - Component of Yelocity |:| |:| |:| D
Mach Mumnber O 00 O
Turbulent Wiscosity |:| D D D
Turbulent Time O 00 O
Turbulent Length |:| D D D
Turbulent Intensity |:| D D D
Turbulent Energy |:| D D D
Turbulent Dissipation | ) ]
Heat Flux o
Heat Transfer Rate O
Marmal Farce O
¥ - Component of Mormal Force |l
W - Component of Mormal Force | Al
Z - Component of Mormal Force | Al Kl
Force [] i
% - Component of Force ,
Y - Component of Force ﬁ
Z - Component of Farce O [% - Component of Force
Shear Force O |
¥ - Component of Shear Force | Al
W - Component of Shear Force || »

| 15 [ Gicbal Coordinate System i
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Run the Analysis.

To save classroom time, we
will stop the analysis and
open the Results folder to
review completed results.

Click Run El from the
Flow Simulation tab in
the CommandManager.

The Run dialog box is

displayed.

Select 1 CPU from the

drop-down menu, Startup

Click the Run button.
Solve

(%) Mew calculation

CPU and memory uzage

SolidWorks Simulation

imFLlIDau;... @ Run | Load/Unload & (‘
. @ -k Results 9& ol \<%

uate [ Office Priducts

Run
Solve the defined task

Flow Simulation

Fiun at: ! Thiz computer [CAD session]  w |

Use |4 + | CPU(s]
1

Results fter finizhing the calculation
3
Loagyg Batch Results...

Stop the Analysis.
m Click Stop from the
Solver box as illustrated.
®  Click No to the question,
“Do you want to save
the results?”
B Click File, Close from Message

terations Date

the Solver Main menu.

Calculation started

Mesh generation started
Mesh generation narmally finished
Prepating data For calculation

12:43:17 , Apr 16
12:43:30, Apr 16
12:43:36 , Apr 16
o 12:43:42 , Apr 16

Open the Configuration
with the Solved Results.

Click the ConfigurationManager [ = | tab.
Double-click the Default (3) configuration as
illustrated.

Click the Flow Simulation analysis tree
tab.

Right-click the Results folder.

Click Load Results. The Load Results dialog
box is displayed.

{F® Default [ LEY_ASSY ]

BIr7le]=
Default {33
= @ Input Data
; @ Computational Domain
: - Fluid Subdomains
Eﬁ Boundary Conditions
= ? Goals
7 ? GG ¥ - Component of Force 1

[ % Re
| SeleEesults

Flot Manager...
Parameter List...
Batch Results Processing. ..
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m  Double-click 3.fld in folder 3.

10 Create a Section Plot.
® Expand the Results folder.
®  Right-click the Cut Plots folder.
m  Click Insert. The Cut Plots
PropertyManager is displayed.
Front Plane is selected by default.

m  Expand LBV_ASSY from the fly-
out FeatureManager. View the
features.

m  Click the View Settings button in

the Cut Plot PropertyManager. The
View Settings dialog box is
displayed.

SolidWorks Flow Simulation

SolidWorks Flow Simulation

Load Results

Look in: | =23

!uj $results_tmp
|2 particle_study

My Recent I3-CI3't

Documents i 3.fld 4—

S|FlRl=

Ty Default (3)
rﬂ@ Input Daka
; @ Computational Domain
- Fluid Subdomains
Eﬁ Boundary Conditions

= ? Goals

9-% Resulks
ﬂ$ Mesh
B Cut i
(=] 30+$‘
{) Surface Plits
é Isosurfaces
% Flows Trajectories

F GG % - Component of Force 1

=S Lv_assv (Defaulk (3)<<De..

@ Sensors
b @ Design Binder

Selection
SIEIENE]
o [oin |-

J

»

3

Display

[E | Contours

|@| Isolines

|z| Weckars

|@| Mesh

Options ¥ |
|

|Region ¥ |

+-{A] Arnotations
4 %I Lights, Cameras and Scend
i

\<> To;:l}\

\<>\ Right

I—» Crigin
bt % (-3 Bumper Side, Plastic R.,
&2, % (-3 Bumper Side, Plastic R.,
[+ % (=) Flow 1 === x {Default, |
B @@ MateGraupl

laaaf

View Settings...
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m  Click the Contours tab.
- View Setti
m  Seclect Velocity from the [l ,
drop dOWn menu for the  lsosurfaces Options Coordinate System 30-Profile
= | Contours | |solines Wectors Flaw Trajectories
Parameter Setting. [ — |
B Click OK from the View e e
. . 7 faz
Settlngs dlalog bOX Max: 147622592 |bfin™2 - C amponert of Vilnsiy
11 View the Section Plot. e okt
Bl e e
2ar 18535
m  Click OK[¥] from the it of e i
it
Cut Plot v
PropertyManager. View - &

the Section plot in the 244763
Graphics area. 720267
1.9581
1.71334
1.468458
122331
0.97505]
0.73428
0485452
0.24476
0
Welocity [kn]
12 View the Computational ———— —
Domain SRl I@llﬁlil% |=
’ . . Default (3) @ Default (3)
m Ifneeded, right-click the o 0B mput Data OB It Dats
Computational Domain et || 2 computationai Domain
- [§ Fluid 5uk [y Fluid Subdomains
fOIder' | Boundar; Ff Boundary Conditions
m  Click Show. View the B Godls o Goss
domain. BE|R|E] s e Resjz G % - Companent
A A Default {33 S
13 Hide t!1e Computational S s _ ﬁ Se::l-
Domain. . T s S 3[“) PrF
. . Edit: Definition. .. * 2 =
m  Right-click the ' i O> sufa e Al
. . i il I d Hide all
Computational Domain BB Goak @1y orrenv?
fOlder % Flovs Delete Al

m  Click Hide.
14 Create a Second Cut Plot.
®  Right-click the Cut Plots folder.
®  Click Insert. Front Plane is selected by default.
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15 Change the Selected Plane.

SolidWorks Flow Simulation

m  Expand LBV_Assy from the fly-
out FeatureManager.

®  Click Top Plane from the fly-out

Cut Plot
v R G =

Selection

A

FeatureManager. Top is displayed
in the Selection plane/face box.

SIENENE]
[

R
——

=@ Lev_assy (Default (3)<<De. ..

Sensors
+ @ Design Binder
* Annotations
+ Lights, Cameras and Scene
\<> Front
@
Sy R%nt
I—» Crigin
+ % (-1 Bumper Side, Plastic .. |
+ % (-} Bumper Side, Plastic R...,
+ % (-3 Flow1 -2 x
4 @@ MateGroupl

16 Continue the Second Cut

H Coardinate System ”

30 Prafile |

| Wectars |

Flow Traiectaries |

Ng

View Settings
Plot. | "
. . . |sosurfaces Options
m  Click the View Settlngs Contours | Iszlines
button S;E‘r’;ﬁwseter
®  Click the Contours tab.

Mirc 14631474 |bf/in"2

m  Sclect Pressure from e
the drop-down menu for |
Parameter Setting. e -
®  Click OK from the View

Settings dialog box.

.
14631474 bl/in"2 = ;€|

14.7622592 Ibffin"2 = ;€|

Save As

| Reset Min/ax

Palette B v

Parameter List..

Cancel

Help

View the results in the
Graphics area.

@Sulil‘leks IFne Edit View Insert Tools Flow Simulaton Toobox Window Help QL

N 1

I i 0 L simulati... A
EE} @ i e il

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

!
¥ R & 4=

ElEgIES
4 ot

(&) sensors

¢ [—
 C—

— g

Display

! Contours

[@\ Isolines

A

‘E‘ Yectors

@\ Hesh

Options

Region

Yigw Setkings, ..

*Trimetric

@
3~ ® Lev_assv (Defaul (3)<<De...

11z 2~ = X
B a = & B &
1 » £y, Flow Flow
B Y Smua.. Simlati...
fB-2 . @& .
S 0 @-P- - - 14.7636
147306
147375

Design Binder
Selection Py An;ntatmns :
T e () (= | Lights, Cameras and Scens
SEICHENE]

14.7245
147114
14.6984
14.6853
146723
14,6593
14.6462

146332
g==ure [Ibiin®2]

Solidworks Premium 2010

Under Defined

Edlting Asserly
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17 View the Second Section Plot.
® Click OK from the Cut Plot PropertyManager.

SolidWorks Simulation

Note: Click the FeatureManager tree tab as illustrated to view the full Graphics area.
@Sul_illwo;._ks I Fle Edit View Insert Tools Flow Simulstion Toolbox Window Help (& L[j L B N 4
\ Wizard % Eﬁ @ @ > | & @ ﬁ 2 ‘5
(3 Hew E Eetrgaral ID: S\mf.ll\oav\t;i... ;® il Loadﬂ..hluad ﬁ‘ IO Si;!j:... L S\mf.ll\oav\t;i...

g conerroect @B 0 A . @ - B . g8 .

Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation | 8 x

QASHE @ - @8O e

14.7608
14.7375
14,7245
147114
14,6984
14.6853
14,6723
14.6593
14,6462
14.6332
ure [Ibffin®2]

‘Show FeatureManager Tree Areal

L
)“X
*Trimetric
Solidorks Premium 2010 Under Defined EditingAssemb!gh ™ E @
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m  Right-click the Cut Plots folder. ey
m Click Hide All. View the model in the = B ImputData

Graphics area E @ Computational Domain
: @ Fluid Subdomains
: Eﬁ Boundary Conditions

= Pt Goals

18 Hide the Section Plots. —
@ [Bl<]

s i GG - Component
=B Results

: ﬁEE Mesh
[# -3 CutPlots.
- sp  Inserk..

Qv mr—
&y Tso) Clelsg and Hide Al

-. % Floi;

=

Delete Al
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Applying Flow

Trajectories
Flow trajectories
are displayed as
flow streamlines.
Flow streamlines
are curves where
the flow velocity
vector is tangent to
that curve at any
point on the curve.

[l solidWorks I Fle Edit View Insert Took Toobox Fow Simulation —
S Wizard B [ ) B . Pa o @ & = ﬁ
O new ‘E ga:ﬁeral ‘D: Sinﬂmjm I@ Run ‘ mag{,uimd He |Q Si;:j:.., b Qj )
By Clone Project  [@ Engsﬁ ) : leg. = .

Assembly | Layoul | Skelch | Evaluale | Ofce Produdls | Flow Si
BTl | '
®, Default (3)
E[Z% Input Data

@ Computational Domain

147361
14723
14,7099
EHE S

s

@ Fluid subdamains

- Efj Boundary Conditions
[—}F Goals

F GG ¥ - Campanent
= B Resuls

. Mesh

© Bk Cut Plots

& 3D-Profile Plots
{} Surface Flats

& Tsosurfaces

v % Flow Trajectories
% Particle Studiss
B % plots

& Paint Parameters
@ Surface Parameters
@ Wolume Parameters
ﬁ! Goals

] Report

T Animations

EEE

& il | >
- 0[ Model [ WMofion§
| Solidv/arks Premium 2010

Under Defined  Editing Assembly 2] [
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Applying Flow Trajectories

1 Create a Flow Trajectory.

m  Right-click the Flow Trajectories folder.
m  Click Insert. The Flow Trajectories PropertyManager
is displayed.
® Expand LBV_Assy the fly-out = -
FeatureManager. ﬁ _ —
m  Click Right Plane. Right is displayed [f——— =t
. « ¥ 42
in the Reference box.
m  Slide the Offset slider as illustrated ~ [**“2252%
to approximately -21. & &
m Click OK from the Flow
Trajectories PropertyManager. Flow
Trajectories 1 is displayed. : -
B Zoom-out and rotate the model to “ =

view the plot.

SolidWorks Flow Simulation

€23 3D-Profile Plots
<> Surface Flots
é Isosurfaces
@ FlOyTonin mbmsinn
@ Part

T v Plots

»

—
2N
() Lo ]

9 Lew_assy (Default (3)
Sensors

+ @ Design Binder

* Annotations

H Lights, Cameras and|
\<> Front
:<>\ Top

@

I—» &qin
+ % (-3 Bumper Side, Plag
+ % (-3 Bumper Side, Plag
+ % (-3 Flow1 -2 x
4 @@ MateGroupl

Wulidw‘nks IHE Edit View Insert Tools Toobox Flow Simulaton Window  Help Qtlj AN R = BTN TN B = B 4

X Wizard % H & B >
O vew [ e |1 o
Clone Project  [@ S =y 2 &)

a ® & ®E

%
toadioad e | sl ¥ (8 e
w-% . @@ .

Assembly | Layout | Sketch | Evaluate | Office Produdls | Flow

BTl =
Ry Defaul (3
= (B InputData
I computational Damain
! Fluid Subdomains
B Boundary Conditions
=¥ Gods
G- Component
= B Resuls
E Mesh
& W cutPlots
{3 3D-Profile Plots
<> Surface Plots
&y Isosurfaces
& =8 Flow Trajectories
(&5 Particle Studies
L v Plots
A Point Parameters
&> Surface Parameters
A& valume Parameters

B, Goaks
] Report
B Animations
< ] | >
[T 17| Model [Wiotion Study-Default | Wotion St

Solidwarks Premium 2010

g =

5
[iin’2]

udy

Under Defined  Editing Assembly &)
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2 Edit the Flow Trajectory. 5 aD-Frofie ot
m  Expand the Flow Trajectories folder. & ISurfaC; Pl
m  Right-click Flow Trajectories 1. £ % S
m  Click Edit Definition. The Flow Trajectories - ;@tm ]
PropertyManager is displayed. e B e
. . Foint Para n:::j: i
B Pin the Flow Trajectories PropertyManager. : ——
®  Enter 100 for the Number of trajectories as — -
. o R L
illustrated. L3
Starting P ]
m  Click OK from the Flow Trajectories (&3] |)(L:| @)
PropertyManager. View the model. @ [Fight
® Click Lines with Arrows from the drop-down
menu in the Options box.
m  Click OK from the Flow Trajectories b |[2zE7En .-
PropertyManager. View the model. 7
®m  Un-Pin the Flow Trajectories PropertyManager. B 0 €— E
®m  Click OK|¥ | from the Flow Trajectories )
PropertyManager. View the plot. If needed, click Options A
the FeatureManager tree tab to hide or click and =) (=] [«]
drag the Pressure bar. Pl s with Arrons
¥ [07erams7sin =
gy 0,00
Use CAD geometry
Constraints ¥
View Settings...
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Wnl_idWoIks.He Edit View Insert Tools Toobox Flow Simulation Window Help Qll:jv@vﬁvéév-:—“}v 7 r - F®

. Sett
Clone Project @ Shrd h

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

% Wizard B o, =H @ @ 2 & B &
0 mew fel Gal |3 Sinma';m ] Rr:n Lﬂad?ikmd Be | Sim:... W | o

Simulati. ..

K- . @® .

Bl=___
B Default (3)
= [ Input Dats
: @ Compukational Domain
[y Flid Subdomsins
| Boundary Conditions
o P‘ Goals
P‘ GG % - Component
= % Results
QEE Mesh
K Cut Plots
& 30-Prafile Plots
> Surface Plats
& Tsosurfaces
= =8 Flow Trajectories
=8 Flow Trajectories 1
@ Particle Studies
B v Plots
& Point Parameters
&> Surface Parameters
Volume Parameters
B, Goals
@ Report

* Bm Animations

I~

Under Defined  Editing Assembly

3 Animate the Flow Trajectory study.

m Right-click the Flow Trajectory 1 folder.
® Click Animate. The Animation 1 tab is displayed at

the bottom of the Graphics area.

T v Plots

¢y Isosurfaces

E‘% Flow Trajectories
{E5 Particle Studi

A Foint Parame

Edit Definition. |
Hide:
Clear and Hide

al
m  Click Play [>] View the [™
. . Flay animation without saving ko the disc
animation of the model. =
. (B Wi bl @O Eree. XD
m  Click OK from the E 0000
Animation toolbar to [T ]
return to the
FeatureManager.

Applying Flow Trajectories
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Edit the Flow Trajectory.

m  Ifneeded, right-click the Flow Trajectories 1 folder. | _ =5 rou trajectories
m  Click Hide. View the Graphics area. L e oefion,

Set the Goals.

m Expand the Results folder.

m  Right-click the Goals folder
as illustrated.

®  Click Insert. The Goals
dialog box is displayed.

B Check the GGX-Component
of Force1 box as illustrated.

®  Click OK from the Goals
dialog box. The Goals dialog
box is displayed. View your
options.

SolidWorks Simulation

é Isosurfaces

(&5 Particle SUP
@ A Plaks ar and Hide

A FontPars  animate...

: @ Particle Studies
T v pots

: & Paint Parameters
Lo @) Surface Parameters
: @ Yolume Parameters
: ;ﬂk Goaly

@ Repl@
i+ g Animation:

Select goals Goal filter

zoal All v

Plat options
Abscissa:
Template;

_» 0K H Cancsl ][ Help ]

GoalMarne (= A& Goal Name
A | B [ D [ E

i LBV _ASSY.SLDASM [Default (3)]
[
Z Goal Name lunit [Value [Averaged Value
| 4 | GG ¥ - Camponent of Farcd [Ibf] | 299267495] 3.015539819
E lterations: 54
L] Analysis interval: 24
10
1]
[12]
13
W« » W)\ Summary { ¥ - Component of Force / Plot Data /
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6 View the Excel Plot.

®  Click the bottom X - %
Component of Force 4 4 » M} Summary { ¥ - Compt&ent of Force £ Plot Data
tab. S
® View the plot. At
7 Close the Excel Plot and '
return to SolidWorks Flow ' \
Simulation. . ]
m  Click File, Exit from the T W
Excel menu bar. (-
B Select No when prompted i
to Save.
8 Save and Close the model. —
m Click File, Close from
the SOlidWOI'kS Main Microsoft Excel - soals1
Bl Eile | Edit  Wiew Insert
menu. T _:%ew...
m Click Yes when —% 22 open..
prompted to save. ol Close

Microsoft Excel

! E Do you want to save the changes you made to 'goals1'?

[ Yes ] L_DNU | [Cancel ]

?{) Save changes to LBY_ASSY.SLDASM?
-

Lt\%as J [ Mo ] [ Cancel
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SolidWorks Flow Simulation

During this short session on using SolidWorks M_Ins : , &
Flow Simulation, you have had a brief RS e |
exposure to the main concepts of fluid-flow 13 =0 Instant Website O
simulation. SolidWorks Flow Simulation E%Eﬁ;ﬂ?’:&fm g
gives you insight into parts and assemblies [ Photoworks

. Il ScanTaam
related to fluid flow, heat transfer, and forces 1 Solidorks Design Checker

on immersed or surrounded solids. B ol oty

] salidwiorks Routing

. . . sl i

The only fluid-flow simulation product fully r" e
integrated with SolidWorks, SolidWorks Flow | |1 sidworks Tookox srowssr
. . .. . []@? Solidworks Utiities
Simulation is incredibly easy to use; you [ solidworks Workaroup PDM 2010
simply tell the software what you’re interested | |JEL Tanabst

.. . . = SolidWorks Add-ins

in instead of having to translate analysis T

design goals into numerical criteria and

SolidWorks 20 Erulator
iteration numbers.

Solidworks Flow Simulation 2010
Solidworks MTS
SolidWorks XPS Driver

OO0O00| oooEgOoOoooodno

oOoEOOd

Access physical fluid models for
engineering applications. SolidWorks Flow Lo | [Lconcel |
Simulation can analyze a wide range of real

fluids such as air, water, juice, ice cream, honey, plastic melts, toothpaste, and
blood, which makes it ideal for engineers in nearly every industry.

|

Simulate real-world operating conditions. SolidWorks Flow Simulation
includes several types of boundary conditions to represent real-life situations.

Automate fluid-flow tasks. SolidWorks Flow Simulation utilizes a number of
automation tools to simplify the analysis process and help you to work more
efficiently.

Interpret results with powerful and intuitive visualization tools. Once you
have completed your analysis, SolidWorks Flow Simulation offers a variety of
results visualization tools that allow you to gain valuable insight into the
performance of your model.

Collaborate and share analysis results. SolidWorks Flow Simulation makes it
easy to collaborate and share analysis results effectively with everyone involved
in the product development process.
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SolidWorks Motion

When you complete this chapter, you will have experienced the power and
capabilities of SolidWorks® Motion, including:

®  The benefits of using motion analysis.

m  The ease of use of SolidWorks® Motion to perform analysis on your design.

B The steps for performing a motion simulation on your designs.

®  The integration between SolidWorks Motion and SolidWorks.

B An understanding of the performance aspects and time savings before
physical prototyping.

Time: 20 - 25 minutes
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SolidWorks Motion

SolidWorks® Motion is designed for mechanical system simulation and ensures
that a mechanism works before it is built.

SolidWorks Motion will:

® Provide confidence that your assembly performs as expected without parts
colliding while they move.

® Increase the efficiency of your mechanical design process by providing
mechanical system simulation capability within the familiar SolidWorks
environment.

m  Use a single model, without transferring geometry and other data from
application to application.

m  Eliminate the expense caused by design changes late in the manufacturing
process.

®  Speed the design process by reducing costly design change iterations.

Today, perform an analysis on the Gripper assembly.
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Starting a SolidWorks Motion
Session

1 Open the Gripper Assembly.

m  Click Open from the
Menu bar menu.

®  Double-click the Gripper
Motion 2010 assembly
from the
SeaBotix\SolidWorks
Motion folder.

2 Activate SolidWorks Motion.

m  Click the Options [l | drop-down arrow

from the Menu bar toolbar.

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

is displayed.

m Check the SolidWorks Motion box.
®  Click OK from the Add-Ins dialog box.

SolidWorks Motion

SolidWorks Motion

Laok in | (3 Solidworks Motion vooT - m

1:.jFinished
| B8 Gripper Motion 2010,5L0A5M

File name: [=5L0a5M :s{ z]
Files of type: ¥ % sm) 1
Description;  <Mane>

[ Quick view References. .

l@ %} Gripper Motion 2009
|E| =

ptions
Customize. ..
Add-Ins... 4__
Add-Ins

Active Add-ns |start Up |
= SolidWorks Premium Add-ins
13 30 Instant Website O
[C]&R Circuitworks ||
[ &8 Featurevarks
[ Photavarks

[l ScanTazn

D-:Ef; Solidworks Desian Checker

= Solidwarks Motion

1= Solidwiarks Routing

(] solidwiorks Simulation
Salidwarks Toolbox

'E’ Solidworks Toolbow Browser
] salidwarks Utiities

[0 Solidwarks Workgroup PDM 2010
BT Talnakyst

=l SolidWorks Add-ins

Autotrace

Solidworks 20 Emulatar
Solidworks Flow Simulation 2010
Solidworks MTS

Solidworks XPS Driver

_P OF ] [ Canicel ]

OO000| oooEREOooooodn

oOoooa

A

T

PN

< >
Wlalslpl| Model | Motion Study 1
Folidvwiorks Premium 2009
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3 Start a SolidWorks Motion Study.

SolidWorks Simulation

m  Click the Motion Study 1 tab at the bottom of the Graphics area as illustrated.
m  Click the drop-down arrow from the Motion Study Manager.
B  Sclect Motion Analysis. View the available selections from the Motion Study
Manager.
SflsolidwWorks | e Edt Vew Inert Tods Toobox Window Heb s’;‘iD " (58 )2 - O %
o B g o : B
I e R tow | gel |y e 8 | e | oo orle el
- - - Companents - - Study
Assembly | Layout | Sketch | Evaluate | Office Producs | OO SWME-F-60-@B-D- _ &%

@ﬁ’l@a

@ Gripper Mation 2010 (Defau\t(D Lol

(%] Sensars
(- LA] Annotations

&y Front Plane

- Top Plane

% Right Plane

I.. Qrigin
1 % (F) Main Housing-<1 > (Defaul
&1 T MS-FINGER <1 (Default <<l —
9§ MS-HOLDER <1 (Default<<
%8 Push-Pull Plate<13» {Default:
- () Miniature Shoulder Screw
- () Push A <1 > (Defaul <<

S ETHUAET, A (bl ot

saaf

ADEEEEE

<
votin notyss || 7 I b W (] [m vo+-ld @ Fr @SBANRE B Erulk Be
i ‘\ ?m‘? ThE g - 1 |5 SEE ‘1!] P ‘15 P { |2|] e [
n 2010 {Default<Disp) 2
@ OrientatiNy and Camera Views
[+ |_| Lights, Cameras and Scene
-8 () Main Housing <1» (Default<
- () M5-FINGER <1 (Defaulk<<]
-8 (-) M5-HOLDER <1 > (Default=<
# 8 (-) Push-Ful Plate <1 > (DeFault;
1 Ty (-) Miniaturs Shoulder Screw=:1
I % () Push Arm <1 (Default <<De
- (-) M5-FINGER <2 {Default <<
- () M5-FINGER <3> (Defaulk< <] e ® e
3 % (-] )Mmlature Shou\der Screw<z
o na (i - oL | k]
SthWur»s Premium 2010 Under Defined  Editing Assembly 7]
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Applying Motion to a Component

A linear motor (actuator) is a device which imparts a
translational motion to a component. A linear motor in
SolidWorks Motion moves the selected component at a
constant speed or variable speed.

Apply a linear motor to the Push-Pull Plate component
in the Gripper assembly. The linear motor will move
the Push-Pull Plate component a specified distance in a
specified time. This action will cause the fingers of the
Gripper assembly to close.

Extrudel of Push-Pull Plate <1 =

Applying Motion to a Component

SolidWorks Motion

R

Motor Type

b

B Raokary Makor
Linear Motor {Actuator)

Component,/Direction 3

H_‘| Face<1 =@Push-Pull Plate-1
% I Push-Pull Plate-1@iaripp

Motion 3

Constant speed »
®[w 2

Click the graph to enlarge.

»

Maore Options.

2
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Applying Linear Motion

4

Note:

146

Apply Linear Motor.

Zoom in on the Push-Pull Plate
component.

Click the Push-Pull Plate
component face of the Gripper
assembly as illustrated.

View the icon symbol and
information feedback.

Click the Motor icon from
the Motion Manager toolbar. The
Motor PropertyManager is
displayed.

Click the Linear Motor
(Actuator) box for Motor Type.
Click the Reverse Direction
button. The direction arrow
points inwards.

Select Distance for the drop-
down menu for Motion Type.
Enter 8mm in the Displacement
motor box.

Enter 0 in the Start time box.

Enter .1 in the Duration time box.

Click the Push-Pull Plate
component face of the Gripper
assembly as illustrated for Motor
direction. The direction arrow
points towards the back.

Click OK from the Motor
PropertyManager. LinearMotor1
is displayed in the Motion Study
FeatureManager.

SolidWorks Simulation

Extrudel of Plate<13

Motor
Mowes a component as if acked upon by &
mator,

p* %g\ﬂﬁa E E
|ll] € | ‘155?[:

Motor Type &

1>

\5\ Rotary Mator

! @ Lingar Motor (Actuator)

Component,/Direction A

A
m Face <1 =@Push-Pull Plat
[l Face=1>@Push-Pull Plat

Reversebieion] | |-

Motion &

Distance EE|
f ‘m:i
D oo 4— |2
3 on 4 =

o
2
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SolidWorks Motion

m  Ifneeded, click the Zoom Out tool as illustrated to view the Motion

Study time line.

B Click the Motion Study Properties
Accept the default settings.

tool as illustrated. View your options.

m  Click OK from the Motion Study Properties PropertyManager.

M selidWorks jj Fle Edt View Insert Toos Toobox Window Hebp QLD B B = = |l SO T YT W

(1 ¥y M5-HOLDER <1 = (Default << ¥
1+ % Push-Pull Plate <1 = {Default-
[ ‘:% (-1 Miniature Shoulder Screw
1+ % (=) Push arm <1 > (Default <<

o FEL wac STRCEN o e o or

< |

|5 sec
| I |

RN E

L=k ripp isp)

" bk ics) 5
Ir‘;’ﬁt A Llrral.‘ar : M[ge @ Ashly Refﬁnce I 2
Components = Compon... FESST:F';;S Compaonent HS‘QS'EH Features Geometry Mr:ign M:!‘;i;ls Exsilsﬁled % CEHESET
- - - Components = - Study
Assembly | Layout | Sketch | Evaluate | Office Producis | QO SMEB(F-6r-@ RO _ 8%
®lrlE] Z
- —]
@ Gripper Mation 2010 (Default<D @
- [@ Sensors ﬁ
e @ Annotations 2
Q Front Plane
. \<§\ Top Flane 3 m
\<§\ Right Plane 1
I_. Origin t
& % {F) Main Housing <1 = {Defaul
(% MS-FINGER <1 > (Default< <l — =]

v+-FH & ¢ @BNREeae " E Bl E®

Motion Study Properties
Specifies simulation properties For the
Motion Studsy.

I I ‘]5ISEDI ‘20 ?ecl

‘]D?ecl |
'y

= ® Orientation and Camera Views
B Eto_,] Lights, Cameras and Scene
5 LinearMatorl

ot % {F} Main Housing <1 > (Default<

i B () MS-FINGER <13 {Default <<

i T (-} M5-HOLDER.<1 > (Default <=

i % (-} Push-Pul Flate <1 > (Default
== =] % (-} Miriature Shoulder Screw<1
=] % (-} Push Arm<1 > (Default < <De
(& T () MS-FINGER <23 (Default <<|
(& B () MS-FINGER <33 (Default <<| p

Ld

Specifies simulation properties For the Mation Study.

Under Defined  Editing Assembly 7]
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Applying Forces

148

Forces define loads and compliances on parts. Forces may resist motion, such as
springs or dampers, or they may induce motion.

The 3 Finger Jaw components experience an applied force. To simulate the
loading conditions, you will perform the following tasks:

m  Select the middle contact surface from one of the 3 fingers.
Insert an applied action-only force of 62 N to the selected finger.
Repeat the process on the other two fingers.

Create and run a simulation.

Compute the reaction force at the finger hinge.

Create a trace path for the tip of one finger.

Extrudel of MS-FINGER <3
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Applying Force to the Gripper
Fingers

5 Select a Contact Face.
B Rotate the Gripper assembly
with the middle mouse button
to view the inside faces of a
finger as illustrated.
m  Zoom in to selected the first
contact face.

Note: Select any of the 3 Gripper
fingers.

Extrudel of MS-FINGER <12

SolidWorks Motion

m  Click the contact
finger face as
illustrated.

6 Apply the Force.

m  Click the Force
icon from the Motion
Manager toolbar. The

Type

h— + E] Force
{gl Torque

»

Direction

—_— —’ g] Action anly

‘%l Action & reaction

@D I Fate <1 >@ME-FINC

2

Force/Torque G |
.
PropertyManager is N
dl Splayed, ) Selected component:
m  Click the Force box Force Function A
for Force Type. aae -
Fi1  szu E =

®  Click the Action only
box for Direction.

m  Click the Reverse
Direction button. The

H

3
Click. the graph ko enlarge.

direction arrow points
into the finger as illustrated.
m  Enter 62 N for Constant Value.

m  Click OK from the Force/Torque
PropertyManager. Forcel is displayed in the
Motion Study FeatureManager.

Applying Forces

Motion Analysis v| @ B B J
Nl R

2 @ Gripper Mation 2010 {Default<Disp|
@ Origntation and Camera Yiews
a@ Lights, Cameras and Scene
g LinearMotor1

R
% Main Housing <1 = {Default<
v =% MS-FINGER <13 (Default <<Def
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7 Apply a Contact Force to the two other Fingers.
B Repeat Steps 5 and 6 for the other two Gripper fingers. At the end of this
step, you should view three Forces and a LinearMotor in the Motion Study
FeatureManager as illustrated.

(Motion Analysis v | g3 > B> B} | B =l @ |FF@8\N"ee E
?—Eg & ﬁ@ % g 5e'l: | | I |5 SB(‘S | | ‘"] 5‘Ia': I |15
Al D @ iaripper Motion 2010 (Default<Disp ¢

@ Orientation and Camera Yiews
(4 fsx] Lights, Cameras and Scene

g LinearMotarl

R, Forcel

R, ForceZ

R, Force3
#%8 (F) Main Housing <1> (Default <
(T8 (-) M5-FINGER <1 » (Default < <
2 58 (-) M5-HOLDER.<1 > (Defaulk<<
1 "y () Push-Pul Plate<13 (DeFault|

w .NB
WA TFTAI[Model | Motion Study 1|

Solidiorks Premium 2010

8 Create a SolidWorks Motion Simulation.

®  Drag the right-most Key on the top timeline, corresponding to Gripper,
back to 1 second as illustrated. You may need to zoom in on the timeline after
getting it close.

:.Iﬁflo_!_gn_rﬂ_naly_sls M E e E J m o= [H »LQ Ié; i @ E \ LS 6/ '-i'; ylEx
?XQ‘&E}% HSE? | | |5 SE[\: | | | "Il]sl?[: | | | |15
A = @ Gripper Maotion 2010 (Default<Disp %

@ Origntation and Camera Yiews
H ‘iﬁ Lights, Cameras and Scene

E Linearfotor L

%, Forcel

R, Forcez

R, Forced
= % (F) Main Housing<1 = (Defaulk<
T () MSFINGER <1 > (DeFault<<]
& %% (- MS-HOLDER <1 {DeFault <<
(& 8 (-) Push-Pull Plate-c1» (Default

o= BE L

jotion Study 1 |

~

_ MR ;o £y
MIATFINI [ Wodel |

[Solidorks Premium 2010

Motion Analysis v | B B B 8 j i "”' RQ ? ] '@ﬁ\Ré— @ VIEK
v%‘%m% ﬂSE[‘I I | | |SSE[|: I I I 1|]SE\[: I I | |‘|5

ARER ] Gripper (D Dis| Key Properties 1 sec

@ Orientation and Camera Views Drag to change end Hime, o vight-click o

[l |s%] Lights, Cameras and Scene b enter numerically, Alk-Drag to scale up ar

[ down,

25 LinearMotorl

%, Forcel

%, Forcez

R, Force3

[+ % F) Main Housing <1 (Default<
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9 Run the SolidWorks Motion Simulation.

m  Click the Calculate icon. View the

assembly moving while the analysis is being
performed.

10 Calculate the Reaction Force at the Finger
Hinge.

m  Click the Results and Plots icon from
the Motion Study toolbar. The Results
PropertyManager is displayed.

m  Select Forces from the Result drop-down
menu.

B Sclect Reaction Force from the Result
drop-down menu as a sub-category.

®  Sclect Magnitude from the Result drop-
down menu as the Result component.

®  Expand the Mates folder from the Motion
Study FeatureManager.

m Click Concentric 2 from the Mates folder
as illustrated.

m  Click OK in the Results
PropertyManager.

®  Click No to the displayed message. View
the plot.

Applying Forces

SolidWorks Motion

Mation Analysis % A B> = = J
#| = Y9 Gripper Mation 2010 (Default<Disp
@ Origntation and Camera Yiews
= ﬂ Lights, Cameras and Scene
g LinearMator 1

S

Results and Plots
Calculates results and creates graphs,

o @3R3 B E

' Results 7|
@ R
Result A
Forces —"
Reaction Farce —-"
Magnitude —’
.@ Concentricz
® ]
Plot Results A
(®) Create a new plot

Flot result versus:

Time A

Motion Analysis v | 28 (L [

=R AT
-~ = @@ Mates{29 Redundancies)
© Concentricl {Main Housing<
A Coincident1 {Main Housing <
A CoincidentZ {Main Housing <
(@] Concentricz (M5-FINGER <1
- Dagtance! (M5-FINGER <1
© Concentric3 (Main Housing<
© Concentricd (Push-Pull Plate
A Coincident4 {Push-Pull Plate
R Parallell (MS-FINGER <1,
© Concentrics (MS-FINGER <2
3 -} Distancez (M5-FINGER <23

B oo sae e
0] _Model | Motion Study 1
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SolidWorks Simulation

m  Click along the time axis and view the changes in the Gripper.
B Close the Force - Mag-Concentric2 plot dialog box.

gDSolidWorks | Fie Eit vew et Toos Windon tep gI0-8-B-%-9- [0 .2 --0x

e Y 113 & i, & PO o F
Insert Mate Linear et Move Chow Asgembly Reference New Bilof | Exploded Explade »
Components Compon... T, Component Hidden Features Geometry Motion | Materials View
- - - Compaonents - - Study
Assembly | Layout | Sketch | Evaluate | Office Products | A WE-F-ow- @ B-D- _ A %
oy b
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11 Create a Trace Path.

m  Click on the Results and Plots icon
from the Motion toolbar. The Result
PropertyManager is displayed.

B Select Displacement/Velocity/
Acceleration from the drop-down menu
in the Result box.

m Select Trace Path from the drop-down
menu as a sub-category.

®  Click a point at the end of a finger as
illustrated in the Graphics area. Note the
icon feedback symbol.

m  Click OK from the Results
PropertyManager.

Note: A Trace Path graphically displays the path
that any point on any moving part follows.

Applying Forces

SolidWorks Motion

Results and Plots
Calculates results and creates graphs,

b (¢ @BS\NR B3

EC i sec 10 sec
T oY I e T 0 o i 0 R

7 ¥

Result A

——’ DisplacementVelocity/a
= _> Trace Path v

@M3-FINGER-3

® ]

DOutput Options ]

Show vector in the graphics
window

o

Extrudel of MS-FINGER <3
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12 Edit a Feature.

m  Scroll down to the bottom of the Motion anelyss v| G@) B> B> &

Motion Study FeatureManager |7 [ Ve Wy Y o 881
®  Expand the Results folder. A fEZ?:E%"(?E'”ifi”ftﬁ'f _ 4l |
B Right-click Plot2<TracePath1>. © Concs ¢ peldy
m  Click Edit Feature. The Result Qe e

PropertyManager is displayed. O Tange 1§ | Suppress

Create curve from trace path L4

m  De-select the Show vector in the o ey
. . I“I | LimitDi Collapse Items
graphics window checkbox. @ i o e e

(This is how you can hide a Trace

Customize Menu

Path without deleting lt) = ’:"x o2 <Trace Pathg.z|
m  Choose OK from the Results ————
PropertyManager. @“ £} lﬁl—l
[ X

13 Rebuild and Save the Assembly. Result A

DisplacementVelocity/a

m Click Save from the Menu Trate Path v
bar toolbar.
® Click OK to the Rebuild message. [T [Vertox<1>@Ms FINGER 3
14 Close all models.
m  Click Window, Close All from ® ]

the Menu bar menu. SEEEEEEE A

Show wector in the graphics
indow

Window | Help (& | D = L'j-}
Vilé\sport 4
-% e Window
Cascade
E Tile Horizontally
O | Tile Wertically  Shift+T

Arrange Icons

Close Al —
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SolidWorks Motion Conclusion

During this short session on SolidWorks Motion, you have seen how physics-
based motion simulation can be used to improve the quality and performance of
your design. SolidWorks Motion simulates the mechanical operations of
motorized assemblies and the physical forces they generate, by determining
factors such as power consumption and interference between moving parts.
SolidWorks Motion helps you ascertain if your designs will fail, when parts will
break, and whether or not they will cause safety hazards.

Leverage the power of SolidWorks. SolidWorks Motion works inside the
SolidWorks window and uses existing assembly information to build motion
simulation studies.

Transfer loads seamlessly into SolidWorks Simulation to perform stress
analysis.

With the seamless transfer of loads from SolidWorks Motion to SolidWorks
Simulation, you can visualize stress and displacements on a component as a single
time instance or for the entire simulation cycle.

Simulate real-world operating conditions. By combining physics-based motion
with assembly information from SolidWorks, SolidWorks Motion can be used in a
broad span of industry applications.

Associate physics-based models to engineering conditions. SolidWorks
Motion offers several types of joint and force options to represent real-life
operating conditions.

Interpret results with powerful and intuitive visualization tools. Once you
have completed the motion simulation run, SolidWorks Motion offers a variety of
results visualization tools that allow you to gain valuable insight into the
performance of your design.

Collaborate and share analysis results. SolidWorks Motion makes it easy to
collaborate and share analysis results effectively with everyone involved in the
product development process.
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