SolidWorks® 2013

SolidWorks Simulation Hands-on Test Drive

Dassault Systemes SolidWorks Corporation

175 Wyman Street

Waltham, MA 02451 USA Outside the US and Canada: 1-781-810-5011
Phone: 1-800-693-9000 Email: generalinfo@solidworks.com



© 1995-2012, Dassault Systemes SolidWorks Corporation, a
Dassault Systémes S.A. company, 175 Wyman Street, Waltham,
Mass. 02451 USA. All Rights Reserved.

The information and the software discussed in this document are
subject to change without notice and are not commitments by
Dassault Systémes SolidWorks Corporation (DS SolidWorks).

No material may be reproduced or transmitted in any form or by
any means, electronically or manually, for any purpose without the
express written permission of DS SolidWorks.

The software discussed in this document is furnished under a
license and may be used or copied only in accordance with the
terms of the license. All warranties given by DS SolidWorks as to
the software and documentation are set forth in the license
agreement, and nothing stated in, or implied by, this document or its
contents shall be considered or deemed a modification or
amendment of any terms, including warranties, in the license
agreement.

Patent Notices:

SolidWorks® 3D mechanical CAD software is protected by U.S.
Patents 5,815,154; 6,219,049; 6,219,055; 6,611,725; 6,844,877,
6,898,560; 6,906,712; 7,079,990; 7,477,262; 7,558,705; 7,571,079;
7,590,497, 7,643,027; 7,672,822; 7,688,318; 7,694,238; 7,853,940
and foreign patents, (e.g., EP 1,116,190 B1 and JP 3,517,643).
eDrawings® software is protected by U.S. Patent 7,184,044; U.S.
Patent 7,502,027, and Canadian Patent 2,318,706. U.S. and foreign
patents pending.

Trademarks and Other Notices for All SolidWorks Products:
SolidWorks, 3D PartStream.NET, 3D ContentCentral, eDrawings,
and the eDrawings logo are registered trademarks and
FeatureManager is a jointly owned registered trademark of DS
SolidWorks.

CircuitWorks, FloXpress, PhotoWorks, TolAnalyst, and
XchangeWorks are trademarks of DS SolidWorks.

FeatureWorks is a registered trademark of Geometric Ltd.
SolidWorks 2013, SolidWorks Enterprise PDM, SolidWorks
Workgroup PDM, SolidWorks Simulation, SolidWorks Flow
Simulation, eDrawings, eDrawings Professional, and SolidWorks
Sustainability are product names of DS SolidWorks.

Other brand or product names are trademarks or registered
trademarks of their respective holders.

COMMERCIAL COMPUTER SOFTWARE - PROPRIETARY
The Software is a "commercial item" as that term is defined at 48
C.F.R. 2.101 (OCT 1995), consisting of "commercial computer
software" and "commercial software documentation" as such terms
are used in 48 C.F.R. 12.212 (SEPT 1995) and is provided to the
U.S. Government (a) for acquisition by or on behalf of civilian
agencies, consistent with the policy set forth in 48 C.F.R. 12.212; or
(b) for acquisition by or on behalf of units of the department of
Defense, consistent with the policies set forth in 48 C.F.R.
227.7202-1 (JUN 1995) and 227.7202-4 (JUN 1995).

In the event that you receive a request from any agency of the U.S.
government to provide Software with rights beyond those set forth
above, you will notify DS SolidWorks of the scope of the request
and DS SolidWorks will have five (5) business days to, in its sole
discretion, accept or reject such request. Contractor/Manufacturer:
Dassault Systémes SolidWorks Corporation, 175 Wyman Street,
Waltham, Massachusetts 02451 USA.

Document Number: MKSIMHOTD1112

Copyright Notices for SolidWorks Standard, Premium,
Professional, and Education Products:

Portions of this software © 1986-2012 Siemens Product Lifecycle
Management Software Inc. All rights reserved.

This work contains the following software owned by Siemens
Industry Software Limited:

D-Cubed™ 2D DCM © 2012. Siemens Industry Software Limited.
All Rights Reserved.

D-Cubed™ 3D DCM © 2012. Siemens Industry Software Limited.
All Rights Reserved.

D-Cubed™ PGM © 2012. Siemens Industry Software Limited. All
Rights Reserved.

D-Cubed™ CDM © 2012. Siemens Industry Software Limited. All
Rights Reserved.

D-Cubed™ AEM © 2012. Siemens Industry Software Limited. All
Rights Reserved.

Portions of this software © 1998-2012 Geometric Ltd.

Portions of this software © 1996-2012 Microsoft Corporation. All
rights reserved.

Portions of this software incorporate PhysX™ by NVIDIA 2006-
2010.

Portions of this software © 2001-2012 Luxology, LLC. All rights
reserved, patents pending.

Portions of this software © 2007-2011 DriveWorks Ltd.
Copyright 1984-2010 Adobe Systems Inc. and its licensors. All
rights reserved. Protected by U.S. Patents 5,929,866; 5,943,063;
6,289,364; 6,563,502; 6,639,593; 6,754,382; Patents Pending.

Adobe, the Adobe logo, Acrobat, the Adobe PDF logo, Distiller and
Reader are registered trademarks or trademarks of Adobe Systems
Inc. in the U.S. and other countries. For more DS SolidWorks
copyright information, see Help > About SolidWorks.

Copyright Notice for SolidWorks Simulation Products:
Portions of this software © 2008 Solversoft Corporation.
PCGLSS © 1992-2010 Computational Applications and System
Integration, Inc. All rights reserved.

Copyright Notices for SolidWorks Enterprise PDM Product:
Outside In® Viewer Technology, © 1992-2012 Oracle © 2011,
Microsoft Corporation. All rights reserved.

Copyright Notices for eDrawings Products: Portions of this
software © 2000-2012 Tech Soft 3D.

Portions of this software © 1995-1998 Jean-Loup Gailly and Mark
Adler.

Portions of this software © 1998-2001 3Dconnexion. Portions of
this software © 1998-2012 Open Design Alliance. All rights
reserved. Portions of this software © 1995-2010 Spatial
Corporation.

The eDrawings® for Windows® software is based in part on the
work of the Independent JPEG Group.

Portions of eDrawings® for iPad® copyright © 1996-1999 Silicon
Graphics Systems, Inc.

Portions of eDrawings® for iPad® copyright © 2003 - 2005 Apple
Computer Inc.









SolidWorks Simulation

Table of Contents

INETOAUCION. ...ttt e e e tee e ete e e steeeatee e eaeesseesaseesaseennns 1
The SeaBotiX LBV 150 ..ottt s s 2
N TS ettt ettt ettt st b ettt h e bt bt et et et e ettt eat e ebe e eat e satesatennees 4
USET TNEETTACE. ...ttt ettt eae et eneas 5
Menu Bar TOOIDAT .........ooiiiiiiiiiee et e e 5
MENU Bar MENU .......oeiiiiiiiieiiie ettt et e e e e et e e e eataeeesstaeeeennaeeesnraeeenns 5
Drop-down menu / Context TOOIDAT ..........cvevieriieciieieiie et 6
Keyboard SHOTECULS .......ccvveriieieeieeiieiieie et steste et ee e esteeseeseeseesseensesnsesnsens 6
FeatureManager Design TIEE......cccevuverieerieiiiieieeee et eieeeeeeiee et e sreeeveesnnee s 6
SolidWorks Simulation CommandManager Tab.........c.ccccceeevierciienciienciieciee e, 7
MOUSE BULONS ....eoiiiiiiiiiiiiiiie ettt ettt s 7
System Feedback.........ccviiiiiiiiiieiieieeee e 8
Getting SOlIAWOTKS HElpP .....ooveevieiieiiiiieiececesete et 8
Getting SolidWorks Simulation Help .........ccccvveveriinienienieeeece e 9
SolidWorks Tutorials and SolidWorks Simulation Tutorials ...........ccccccevveevennnns 10
SolidWorks and SolidWorks Simulation..........c..cocceeiiiiiiniiniiiieiiieec e 12
ANAlyZe the HOUSING.....cccviiiiiiiieciieeee ettt ve e sveesanee s 13
Starting a SOlIAWOTKS SESSI0N .......eoueruiriiniiniiriieieierieseeteeeeetee e 14
Create a Static Analysis StUAY......ccoccverieriierieriere e 18
Creating a Static ANalysiS STUAY ......cccverrieriereeiieeieeieeieree e see e 19
Assigning Materials in SolidWorks Simulation ...........cccccevevevienienienieneeneese e, 20
Selecting parts and Applying Material in SolidWorks Simulation...................... 21
APPIYING FIXTUIES ..oeiiviiiiiecieccieeeiee ettt teeetee et e e etv e e staeestveesseesssaessseesnneens 22
APPLYING @ FIXTUTE ..ottt 23
APPLYING LOAAS ..ottt se e e ne e 25
Applying a Pressure Load .........cocveveiieeiiniiiiecie et 26
Creating a Mesh and Running the Analysis .........cccccvevieeviniiniecieerecieeee e 29
Creating a Compatible Mesh..........cccoeciiiiiiiiiiiicie e e 30
Creating @ MESH ......oociiiiicecceee et 31
Viewing the REeSULILS.......c.ooiiiiiiiiiieeeeee et 33
View the RESUILS ....cc.oiuiiiiiiiiiiee et 34
Creating a SolidWorks eDrawings File..........cccceevevieiiinciiniiniesieceereeeeeeie e 42



SolidWorks Simulation

Creating a SolidWorks eDrawings file .........ccccecvreeiiiiiieiiieciecieeee e, 43
Generating @ REPOTt........ooiiviiiiiiieiiee ettt et 46
Generating a Static Study Report........cccceeiiviiiiiniienieeeeee e 47
Analysis 2 - Static StUAY 2...ccvieciieiieieeie ettt sttt se e ens 49
Creating Analysis 2 - Static StUAY 2 ....ccvevievieriierieeiecrecre e esee e eenes 50
SolidWorks Simulation COoncluSiOnN ............cceceririeieriereseeceee e 59
INOTES -ttt et e s e e st e st st ettt s e s eebe e e beeebees 60
SolidWorks Simulation Professional.............ccccooviiiiiiiiiiiiiieciececce e 62
Trend Tracker ANALYSIS ....ccceeiirieiieiieriieeere ettt ettt st 63
Thermal ANALYSIS......cc.eecverierieiienieenierteeseese et ereeteeaeeaessessesssessaessaesseesssesseesseenes 74
Create the Thermal Analysis StUAY......cccvevvieviieiiieiiiciiciece e 75
Applying the EndCap Material. .........c.ccveeiiiieiiiniienienieneeie e 76
Thermal Loads and Boundary Conditions............cccueeeuieeieeiiieeeniieeiieeieeeveeevee e 77
Applying a Thermal Load .........ccccoeviiiiiiiiiiiii e 78
APPLYING CONVECHION ..ottt ettt sttt ettt et et este e eeeeaneeas 79
Creating a Mesh and Run an Analysis........cccccecvevieecienieneenieneeseeieeieeve e 81
Applying the Probe t00] ........cccveviiriiiiieiieiiciieeee et 83
MOIfY the DESIZN ..ccuvvieiiieiieecieeciee ettt ettt ere e te e st e s veesebeesebeessbeessseesaseens 84
Create the Second ANALYSIS.......c.veecvieiiiieiiiieciiecree ettt ere e evee e veeeaeeas 85
Drop TeSt ANALYSIS ..cuveeitieriieiieiieiie et ettt sttt sttt e te ettt e eae et e saeesneesneenns 89
Creating a Drop Test StUAY ......ccveiieeiieiieiieie e 90
Meshing the MOdel ..........coovevierieiieiieieee e 92
RUNNING the ANALYSIS.....viiiiiiieirieiieiieiieieere et vt ereete e ere b e sesesraesraesreeseaesseesseenns 93
ANIMAating the PlOt ........cooiiiiiiiiiicceceeee e e 95
IN O ettt ettt sttt et e st sab e st s et e s e s eebe e e beeeaees 98
OptimizZation ANALYSIS ....cceevierieiieiieie ettt ettt et e e steeseeabeeaees 99
Creating an Optimization ANALYSiS........cceeveriierieriieriienierreseeseeseeseeseeseeeeees 100
Fatigue ANALYSIS ...c.eevieriieriieiieieeie ettt ee e steeste e aeesseensaeseensessseensesnnens 109
Creating a Fatigue ANALYSIS .....cccccvieviieviieriieiicie sttt sree e see e eseeseesne e 110
APPIYING MALETIAL .....c.eviiiiieiiieiie ettt sre e s be e esbeeebeeeesee e 111
AddINg @ FIXTULE ..ouviiiiiiciie ettt ettt et e ae e s v e e eebaeeenaesanee s 112
APPLYING @ FOTCE...o.eiiiiieiiiciieeeee ettt s 114
Meshing and Running the Model...........ccoocvviiriiiniiininieieeeeee e 115
Performing a Fatigue Check PIOt. ........ccccveciieciiiciiniiiieceeeee e 116
Creating a New Fatigue StUAY. .....ccccvveviieriieiieiecie et ees 117
Applying a Load FacCtor ........ccoecuiiiiiiieiiicie ettt 120
SolidWorks Simulation Professional Conclusion............cccceeveeieeiieiiniiniienienee 121
L] 15U RUPR 122
SolidWorks FIow STmulation ..........ccccocereriniiiininineene et 124
Starting a SolidWorks Flow Simulation Session ...........cccceceeveveninercienenennene. 125
APPLYING FIOW TTAJECLOTIES ..vvevvieiieiieriiiiiieeieeteseeseesieesreeseesressseesesssessnessnessnens 139
ApPPlYIng FIOW TTajeCtOries .....ccccvieririeciieeiieeiieeieeeieeeieeeieeereeeveeesreeeeneeeneas 140



SolidWorks Simulation

SolidWorks Flow STmulation ..........cceceeceiiiniiniiieeeee e 145
L] 15O RS PRP 146
SOIIAWOIKS IMOTION ....cviiiiiieiiiiciieeiee ettt ettt ettt e e tee et eereeesaneesaneenes 148
Starting a SolidWorks Motion SeSSION ..........ccvervieriierieerieesieeieeeesreseneseeeseeenens 149
Applying Motion to @ COMPONENL.......cceerrierrierieerreerrieieereereeresresseeseaesreesseesseessees 151
ApPPLying Linear MOtION .......ccveiieiiiiiiiesiestieseesieesieeieereereesseeaesaesvesenesenens 152
APPIYING FOTCES....uiiiiiiiiiiiitecie ettt ettt e e ste e et e e taeeeae e sveesabaesaraeenns 156
Applying Force to the Gripper FINGErs .........ccccevieviirienieiieieeieeee e 157
SolidWorks Motion CONCIUSION .........ccciiiiuiiiiiiieiie ettt e e eveeeve s 165



SolidWorks Simulation



Hands on Test Drive

When you complete this manual, you will have experienced
firsthand an introduction to the capabilities of SolidWorks®
Simulation products, including:

®  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 1
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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:

m  SeaBotix LBV150 assembly
Housing assembly
MiniGrab assembly
EndCap part

3 Finger Jaw part

2 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 3
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Notes:

4 Notes:



SolidWorks Simulation Hands on Test Drive

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 2013 (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 ﬁ - Saves an active document, Print E - 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, File Properties - Shows the summary information of the active

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

|25 souoworks f 0-2-1H-5-9 G 5E -|

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.

|gs SOLIDWORKS [ File View Tools Help ,x’l

|[;S SOLIDWORKS |j File View Toos Help el | [ A = e B = ,l

|Zs souawoﬁq} i File Edit WView Insert Tools Window Help -I;:ll

|gs SOUDWDR{:\\g i File Edit View Insert Tools Window Help (& | |_] - l'j-} - H v v I% v.| ! @_' |£| v|

User Interface
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Drop-down menu / Context Toolbar e oy ey S
Communicate with SolidWorks @zedfﬂwc i ¢ :
. creen Capture Partl (Default<<Default_Displ
either thought the Drop-down - %j L

menu or the Pop-up Context Modify % 4] Anr]i@@p & 31
toolbar. The Drop-down menu Lights and Cameras i; E———
f h I Hide All Types \<§ TP ' Front Plane)
rom the Menu Bar toolbar or the | : Tof

) (&) Pranes %5 rig| £2 | 30 Sketch On Pland

Menu Bar menu provides access [l e section pranes 1, on| | Sectionview
. P Axes
to various commands. i Temporary Axes Somimens
[§| O Parent/Child. ..

S | Properties...

When you select, (click or right-
click) items in the Graphics area
or FeatureManager, Context
toolbars appear and provide
access to frequently performed
actions for that context.

Go Ta..,

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

e ERee® >
The FeatureManager® design tree is a unique part of the s ]
SolidWorks software that employs patented SolidWorks
technology to visually display all of the features in a

% Partl {Default<<Default>_Displd
il Sensars
+ LA Annotations
3= Material <not specified:>

part, assembly, or drawing. %> Front Plane
% Top Plane

As features are created, they are added to the % Rigpht Plane
I.. Crigin

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 , DimXpertManager
and DisplayManager .

6 User Interface
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SolidWorks Simulation CommandManager Tab

Note:

Note:

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

the New Study tool or .

. . . Sb.l_dy Apply Eixtures External Cc.l_me_:tic-ns Run I?es;llts Deformed Comparg
rlght_chck on the Mot|on Advisor Material Advisor Loads...  Advisor Advisor Bt Rl
Study tab, click Create -

gs SOLIDWORKS | File Edit View Insert Tools Simulaton Window

. R :__%___s__tg_d_:_,r__@vism | | DimXpert | Office ProdudsiSimulation
New Simulation Study. FQ Ny Sty ™ —
Duplicate
Rename
Create New Motion Study
Create New Simulation Study
—Ppreate New Design Study
jlL e ] L_Model | wuy
olidWorks Premium 2013 x64 Editg
To activate SolidWorks : ——
NED @Eﬁ%
Simulation, click the Options drop-down arrow = C"“””‘_
. ustomize..,
from the Menu bar toolbar. Click Add-Ins. The Add- G pal B AdetIns.

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

], Solidworks Design Checker
(S?) SolidWorks Motion

[ E SolidWorks Routing

2 ['l SolidWorks Simulation

[[1  solidworks Toolbox

"1 solidworks Toclbox Browser

Mouse Buttons

User Interface

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.
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System Feedback

System feedback is provided by a symbol attached
to the cursor arrow indicating what you are
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 Help

SolidWorks has a comprehensive Home help Page
function that is design to assist the new and
experience user. It provides information on What’s
New, SolidWorks Glossary, New Release notes, and
more.

Click Help, SolidWorks Help | 2| from the Menu
bar menu to view the comprehensive SolidWorks
online Home help Page.

Note: Check Use SolidWorks Web Help for internet

accCess.

SolidWorks Simulation

&

3]

Bl [Be

Face » Wdge---Dimension-- Vertexy)

k.

Hep | @) - 2 - [ - &

e

2

lﬁze SolidWorks Web Help (Ur

SolidWorks Help
SolidWorks Tutorials
SolidWeorks Simulation
API Help Topics

Search

Release Motes

What's New

Quick Tips

Intreducing SolidWorks (pdf)

Moving from 2D to 3D

Check for Updates...

Activate Licenses...
Transfer Licenses...

Show Licenses...

About SolidWorks...

Customize Menu

User Interface
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Getting SolidWorks
Simulation Help

Note:

Click Study Advisor,

Study Advisor

from the Simulation tab
in the
CommandManager with

Hands on Test Drive

Z{S SOLIDWORKS I File Edit View Insert Tools Simulaton Window Help i

Iv;;pteriral Advisor Loads...

Fixtures External Connections Run | Results

Advisor

M De

Deformed Compare [ Plo|

ko Result  Results

Study Advisor

New Study <4— _]

e | DimXpert | Office Products YgSimulation
v

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.

The Simulation

Advisor |# | tab is

displayed in the Task
Pane.

User Interface

@ excessive deformation or
siresses.

| am concerned about the
effect of load/unload cycles.

| am concerned about
@ sudden collapse under
compression.

| am concerned about
excessive shaking.

| am concerned about
temperatures.

&8

93 e

be | & Simulation Advisor ¥ bz | « Simulation Advisor &
I’_‘_' 1 Study v E 1 Study v
¢it|| 2 Bodies and Material fay Bodies and

‘Eji 3 Interactions E Material

(221 | |4 Mesh and Run 231 | | 3 Interactions

2 2 4 Mesh and Run

[ ——— [ ——

|

= | | To help you create the proper |

_e_ study, select one of the _g_ Solidworks Simulation supports
ﬁ following: @ single body parts, multibody

B =—-| paris, and assemblies.

£ | am concermned about £ Assemblies and multibody parts

are treated similarly.

Each body in the simulation can
have different physical
properties and can interact with
other bodies in different ways.

In many cases, you can simplify
the simulation by:

» Excluding bodies

Treating bodies as rigid

but movable

Treating bodies as rigid

and fixed in space

# Taking advantage of
symmetry

» Defining connectors




Hands on Test Drive

SolidWorks Tutorials and
SolidWorks Simulation
Tutorials

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.

Note:

Use the What’s New
Examples to view whats
new in SolidWorks 2013.

Note:

10

SolidWorks Simulation

e | @0 -2 - - % -9 - (018 5 E -

@

SolidWorks Help
SolidWorks Tutorials

SolicVfarks Simulation

L&

API Help Topics

Search

Release Notes
What's New
Quick Tips

Help Topics

Tuterials

Validation

Flow Simulation Help Topics
Flow Simulation API Help Topics
Flow Simulation Online Tutorial

Flow Simulation Technical Reference

% SolidWorks Tutorial

H e 5

Show Back Print

52 &«

Getting Started
D New Document
3 Open a Document

12X Tytorials
?
‘5 Introducing SolidWorks

(1) General Information

SolidWorks Tools R

Property Tab Builder

SolidWorks Resources Q

»

t's New

SolidWorks Tutorials: Getting Started

Getting Started
Productivity Tools

C5WP/CSWA Preparation
i

Conventions.

If you are new to the SolidWorks software, familiarize yourself with the tutorials in Getting
Started first. For examples of What's New in SolidWorks for this release, see What's New

Basic Techniques

Design
Evaluation/Simulation
What's New Examples

These tutorials present Solidyfotks functionality in an example-based learning format.
For details about typographical conventions and how to navigate through these tutorials, see

Examples. All other tutorials can be completed in any order.

Introduction to
SolidWorks

AutoCAD and SolidWorks

Advanced Techniques

Advanced Simulation

All Tutorials

Lesson 1: Parts

@ E‘@

Lesson 2: Assemblies

Lesson 3: Drawings

SolidWorks Workgroup
PDM

Fay
i

User Interface
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SolidWorks Simulation

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

SolidWorks Simulation User Interface

The integration between SolidWorks Simulation and SolidWorks
Creating Design Studies

Understanding the Analysis Steps

Assigning Materials

Applying Fixtures and Loads

Meshing the Model

Running the Analysis

Viewing the Results

Time: 55 - 60 minutes

User Interface 11
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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.

99 LBY_AsSY (Default<
(2] sensors
| @ Design Binder

SolidWorks Simulation utilizes the SolidWorks FeatureManager

tab, PropertyManager tab, ConfigurationManager

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

| A] Annatations

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.

File Edit View Insert Tools Simulation Window H

i= of 18 73 B o
Study aoply  Fitures External Connections Run | Results Deformed ©
Advisor PRY  Advisor Loads...  Advisor Advisor S OTe et
Material Result Results

| Assembly | Layout | Sketch | Evaluate | Office Products | Simulation
I . -—"]:

el el p [ _Model | Motion Study - Default | 4 Study 1
SolidWorks Premium 2013 x4 Edition

Material

[ 2] solidWorks Materials

»

Properties | Tables &Curves | Appearance | CrossHatch | Custom | Application Data [ ¢ [

Material properties

1023 Carbon Steel Sheet (55) Materials in the default lbrary can not be edited. You must first copy the material to
1 Annealed Stainless Steel (5) a custom library to editit.

6 Iron Base Superalloy

I 1010 Steel, hot rolled bar Linear Elastic Isotropic -
I 1015 Steel, Cold Drawn (S5) e =

Steel

I 1920 Steel, Cold Rolled
ST 1035 Steel (55) AlSI 1020
4= AISI 1045 Steel, cold drawn
3= A z0s Max von Mises Stress
3 AISI 316 Annealed Stainless Steel Bar (55
$= AsI 316 Stainless Steel sheet (s5)

$2 AISI 321 Annealed Stainless Steel (S5)
3= AISI 347 Amnealed Stainless Steel (55) Defined
§= AISI 4130 Steel, amnealed at 865C
8= AIsI 4130 Steel, normalized at 870C

§= AISI 4340 Steel, amnealed Epaly. Vatuc it |
= iy e Elastic Modulus Ze0i1 | Wiz
= s narman Foissons Ratio 028 WA
3= AISIType 316L stailess steel Shear Wodulus 77es010_| N2
3= AISI Type A2 Tool Stesl Densiy 7500 kg3,
4= Aloy Steel Tensie Strength. 420507000 | Nim'2 =
3= Aloy Steel (55) Compressive Strength in X N2
$= ASTM A36 Steel ek Strengih 351571000 | NP2
3= Cast Aloy Steel Coefficient | 156005 | /K
32 Cast Carbon Steel Thermal Conductivity a7 WimK)
= i : ‘Speciiic Heat 20 kg K}
EEELE Materisl Damein Ratin i
4= Chrome Stainless Steel
e L SR =

12 SolidWorks and SolidWorks Simulation
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Analyze the Housing

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 EndCap
goal of an FOS greater than one. with Ribs

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

Analyze the Housing 13
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Starting a SolidWorks Session

1 Start a SolidWorks Session.
m  Click the Start menu.

SolidWorks Simulation

® Click All Programs, SolidWorks 2013, SolidWorks 2013.

Note: You can quickly start a SolidWorks 2013 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.

m  Click Open from the
Menu bar toolbar.

®  Double-click LBV_ASSY
from the
SeaBotix\SolidWorks
Simulation folder. A
simplified sub-assembly is
displayed in the Graphics
area. View the
FeatureManager.

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.

14

= ==
5[ ) < SoldvlorksSimuiaion Tes... » SolidWorks Simulation » lation P
i H e
¢ Favorites  Documents library B TS
B Deskiop SolidWorks Simulation
B Downloads Name Date m
4 Recent Places
Finished 612/20
4 Libraries |5 [# Bv.Assy 1073
[ Documents
a Mu:
) Pict
Videos =
R

Display States: | < Defaut>_PhotoWer ~

[E1Do not load hidden

File name: LBY_ASSY

Analyze the Housing
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3 Select the Simulation_Original_Design
Configuration. 8|

igurations

m  Click the ConfigurationManager tab. The B T
various configurations are displayed. ey D B L

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

4 Activate SolidWorks Simulation. e —

m  Click the Options drop-down arrow & opons

as illustrated from the Menu bar toolbar. D'—% T
B Click Add-Ins. The Add-Ins dialog box —

is displayed. o =

m Check the SolidWorks Simulation box. ———— =
®  Click OK from the Add-Ins dialog box. B SolidWorks Premium Add-ins .

[T] &R Circuitwworks
7] &8 Featureworks

Note: Displayed Add-Ins may vary per system B it e

setup . [T 5carTo3D
D-:Qf; SolidWorks Design Checker
[7] & solidworks Mation
[7] 1 solidworks Routing
['j SolidWorks Simulation
SolidWorks Toolbox
410 rss SolidWorks Toolbox Browser
[7] & salidworks Utities
[[]  Solidworks Workgroup PDM 2013
1T Tolanalyst
El SolidWorks Add-ins
[ Autotrace
[[]  Solidworks Flow Simulation 2013
[7] % solidworks Forum 2013
[ Solidworks Plastics
[7]  Solidworks XPS Driver

OOEOO| OOOEREDOOoEEEE

_% OK ][ Cancel ]

Y

Analyze the Housing 15
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16

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

55 SOLIDWORKS | Fle Edt Vew Insert Tooks ggjmuaton Window el ﬁkD-B-ﬁ-&v%ﬁv@l 3 0 T > S - -
= bk 5 = W
ki @ ! 3 %
Edit CQr;HSEr:;ms MEE COLr;‘"Ea; Sr;!;t Cor’:“":ent‘ sﬁu ’:zsaznrhe"s’ ZZ?;Z’F | Bilof | Exploded Ex%:de ngtﬁ Update »
Component. B POM.+  Facteners ol Hidden V| Motion | Materials View Line Speedpak
- - - Components - - Study Sketch
Assembly | Layout | Sketch | Evaluate | Office Products | S8imulation QOYHE-F-or-SR-E- & %
_— B =
Configurations
=99 LBV_ASSY Configuration(s) (Si
L|m & Default [ LBV_ASSY |
®  Simulation_Original_De
[ m v
Display States (linked)
@ Simulation_Original_Design_Di|
.4 <Simulation_Original_Design>
i
Lz
« I r
[7] Link Display States to Configurations
I Study - Default
SolidWorks Premium 2013 x64 Edition Under Defined  Editing Assembly MMGS - [F] @

5 Set Default Options in SolidWorks Simulation. Smaton | window b @] ]

m  Click the Simulation button from the Menu bar Q@ study..

Material

menu. Loads/Fixture
m  Click Options from the drop-down menu. The -
System Options - General dialog box is displayed. e

Shells
Mesh

& | Run

Plot Results

List Results

Result Tools

Report...

Include Image for Report...

Compare Test Data...
Fatigue

Select All Feature(s) Faces
Export...
Import Motion Loads...

— P options...

Analyze the Housing
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Click the Defaults Options tab. View the

Default Options - Unit dialog box.

Click the Units folder.

6 Set Results Folder.

B Click the Results
folder.

m  Click the Automatic
box in the Default
solver section.

7 Set Number Format.
m Click the Color Chart

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

Select rad/sec for Angular velocity.
Select NN'mmA*2(MPa) for Pressure/Stress.

SolidWorks Simulation

Unit gypstem

@ 51 [MKS)
() English (IPS)
) Metric [G)

Units

Length/Displacement: m
—> ()

Temperature:

Angular velocity:

Pressure/Stess:

| System Dption_s_ Drefault Options

Units
Load]Fixture
Mesh
Resulks 4—
= Plot
Color Chart
[=- Default Plats
= Q*Static Study Resulks

[P, Plot 1

&PlotZ [[J Under sub folder
&PlotS () User defined

Default salver

I %Automatic
Direct sparze
() FFEPIus

Results folder

&) Solidworks documet folder

folder.

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

Analyze the Housing

System Options Default Options
- Units [¥] Display color charts
- Load/Fixture [¥] Display plot details
- Mesh Positian
- Results @ Predefined positions
L s P:\ut s () Uszer defined
b 2T Sl Horizontal from left: |20 4
= Default Plots
& Static Study Results Metticalhomtop: 4 2
apiott ik
apion © Wide
By Plot3 @ Mormal
@Y Frequency/Buckling Study Results © Thin
2@ Thermal Study Results NG foitiat
o () Scientific
Drop Test Study Results @) Floating
& Plotl :%enera\
& Plot2 No. of decimal places: 3 =
ByPiots
=-@¥ Fatigue Study Results [#] Use 1000 separater [)
Color options
% Optimization Study Results Default i . '
=-@ Nonlinear Study Results o
[Py Plott Mo of chart colors: 12 = [ Flips
[Py Plot2
User information
Report [ Specify color for values above yield for vonhdises plat -
! kK ] { Cancel 1 I Help. 1
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Create a Static Analysis Study

Create a Static study today. Static studies calculate
displacements, reaction forces, strains, stresses, and ¥ % 2=
factor of safety distribution. .

SR

| Message "
. i_.StLIdY stresses, displacements,
Factor of safety calculations are based on common strains and factor of safety for
. . . components with linear material
failure criteria. i
| Name 3
The first default Study name is Study 1. ‘ SRy
SolidWorks Simulation offers six different results Type A
options. They are: @ sex
| Stress |'§H| Frequency
m  Displacement (@ uding
n Strain |C_‘@| Thermal
®  Deformation (@) oroprest
m  Factory of Safety IC;&I _
m  Design Insight ) o=
|":_£| Monlinear
Static studies can help you avoid failure due to high [nY] tinear Dynamic

Pressure Vessel Design

stresses. A factor of safety less than one indicates likely | g3
material failure. Large factors of safety in a continuous o
region indicate that you can probably remove some

1 5 : e
material from this region. [ optiens
| [ use 2D Simplification

Submodeling

b3

Note: The 2D Simplification option creates a 2D simplification
study to simplify certain 3D models by simulating them
in 2D and saving analysis time. Available analysis types
include plane stress, plane strain, extruded and
axisymmetric.

18 Create a Static Analysis Study
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Creating a Static Analysis

Study
1

Note:

Note:

SolidWorks Simulation

gs SOLIDWORKS . File Edit View Insert Tools Simulation Window
Q . -
Create a Static e | oy Dot B o™ " | Moy Deformed Comp
AnalySiS Study. ‘L\\’ Material Result Resul
B Click Simulation @,V study Advisor h | Evaluate | Office Products bsimmation [_
K Q New Study 4— | |
tab in the
CommandManager.
®  Click the Study Advisor drop-down arrow as —
illustrated. | M—l
2 LLICY
®  Click New Study . The Study PropertyManager is ¥ % 4=
displayed. Study 1 is the default name for the first o= =
study. Accept the default Study name. View the ' s
various available Study types. Eiﬁ:;;ﬁiﬁf:iﬁfhﬁﬂear
. . makerial
m  Click the Static button for Type. L t
Name A
. Study 1 |
Type &
—?i | static
|Q__.quencv
|£| Buckling
Display the Study. S ERs
RlERS 2
m  Click OK from the Study PropertyManager.

Return to the FeatureManager.

Study 1 (-Simulation_Original Design-) is
displayed. View the default folders.

m  Click the FeatureManager tab.

A green check mark on a Study folder indicates S

that material is assigned.

If needed, return to the FeatureManager.

Create a Static Analysis Study

| FeatureManager Design Tree
o imulation_Origina |

lﬁl Sensors

[ @ Design Binder

[ '_LI Annotations

..... %y Front

..... %y Top

..... %y Right

..... 1, Origin
Supp

m

FLOAT4s<1>
-8 (f) View Port, Acrylic 150m< ]
“ I *
e
Q*Study1(-SimuIation_OriginaI_Des
—% Parts
-0 CH End Cap - 200m STED-
#-{5) CH End Cap - 200m STED-
W[ view Port, Acrylic 150m-1
] ﬁ; Connections

+‘g Component Contacts
----- Fixtures
-] External Loads
..... Mesh
|~ Result Options

19



SolidWorks Simulation

Assigning Materials in SolidWorks

Simulation

You can apply a material to a part, and create or
edit a material with the SolidWorks Simulation

Material dialog box.

The Properties tab in the Material dialog box
allows you to define a material source, material

SolidWorks Simulation

bR
Qt Study 1 (-Simulation_Original_Desi

- Parts

Im]CH End Cap -
e — =
5 := | Apply/Edit Material...
-BV\EWPEIT_J:* pPly/Edit Materia
=] ECnnnectlnns
'&Compone

ﬂg Fixtures

-] External Load 12 Exclude from Analysis
- Mesh

|~ Result Optior HAGEE

300m STED-

hEate Mesh...

Treat selected bodies as beams

model, and material properties. You can define
constant or temperature-dependent properties.

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

model in SolidWorks.

%SOL!DWORKS I File  Edit

Study
Advisor

H :=I Fixtures External (]
PRY  Advisor Loads...
Material

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

section.

Material

ul

]

-] SolidWorks Materials

2145 Steel

3= 1023 Carbon Steel Sheet (S5)
--#= 201 Annealed Stainless Steel (55)
A286 Iron Base Superalloy

AISI 1010 Steel, hot rolled bar
8= AISI 1015 Steel, Cold Drawn (35)

AISI 1820 Steel, Cold Rolled
8= AISI 1035 Steel (35)

= AISI 1045 Steel, cold drawn
AISI 304
= AISI 316 Annealed Stainless Steel Bar (55
AISI 316 Stainless Steel Sheet (55)
AISI 321 Annealed Stainless Steel (35)
= AISI 347 Annealed Stainless Steel (55)
AISI 4130 Steel, annealed at 865C
AISI 4130 Steel, normalized at 870C
= AISI 4340 Steel, annealed
AISI 4340 Steel, normalized
AISI Type 316L stainless steel
8= AISI Type A2 Tool Steel
= Alloy Steel
Alloy Steel (55)
3= ASTM A36 Steel

! Cast Alloy Steel
--#= Cast Carbon Steel
8= Cast Stainless Steel
3= Chrome Stainless Steel

L Lol 8 S SR P

4| T} 1 v

m,

Properties | Tables &Curvesl Appearance I CrossHatch I Custom I Application Data I HES

Material properties

Materials in the default library can not be edited. You must first copy the material to

a custom library to editit.

[Linear Elastic Isotropic

z)

[st-n/m~2 a)

™

Steel

AISI 1020

Max von Mises Stress

Defined
Property Value Unitz. -
Elastic Modulus Zes011 | NIm'2
Poissons Ratio 0.29 NIA
Shear 7.7e+010 | Nm"2
Density 7900 ka/m'3 |
Tensile Strength 420507000 | N/m"2 E
Compressive Strength in X Nim*2
Yield Strength 351571000 | Nfm"2
Thermal E Coefficient | 1.5e-005 1K |
Thermal C ivity 47 Wim-K) L
Specific Heat 420 J(kg-K)
Material Namninn Ratin Nia =2

20
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Selecting parts and Applying Material in
SolidWorks Simulation

1 Select the two EndCaps.

ol )
Q*Study1(-SimuIation_OriginaI_Desi
%Parts

BIWICH End Cap

® Expand the Parts folder. j R
m  Click the first CH EndCap part. ﬁ%‘::‘;‘;zif = Q;Eé =T
®  Hold the Ctrl key down.
m  Click the second CH EndCap part. QA g F o4
m  Release the Ctrl key. Ad"‘”;' Mren Advior  Loads..
m  Click Apply Material from the -
Simulation tab in the CommandManager.
The Material dialog box is displayed.
2 Assign Material. —
m  Expand the Steel folder.

SolidWarks DIN Materials B
SolidWorks Materials |

m  Click AISI 1020. View the available

material properties and information. = S
m Click Apply. §§ 201 Arnealed Stainless Steel (55)
® Click Close from the Material dialog e b

3= AISI 1010 Steel, hot rolled bar
box. View the results in the Study tree.

2= AISI 1015 Steel, Cold Drawn (55)

¥ ologe o
3= 1020 Steel, Cold Rolled

3= AISI 1035 Steel (55)
= AISI 1045 Steel, cold drawn

Note: A green check mark on the Parts folder
3= aISI 304

indicates that material is assigned to the e e

parts. 8= AISI 316 Stainless Steel Sheet (55)
= AISI 321 Annealed Stainless Steel (55)
§§ AISI 347 Annealed Stainless Steel (S5)
8= AISI 4130 Steel, annealed at 865C
3= AISI 4130 Steel, normalized at 870C
&= AISI 4340 Steel, annealed
3= AIST 4340 Steel, normalized
8= AISI Type 316L stainless steel
3= AISI Type A2 Tool Steel
2= ploy Steel
8= Blloy Steel (35)
8= ASTM A36 Steel
E Cast Alloy Steel
#= Cast Carbon Steel
8= Cast Stainless Steel

Ry

4 T 3

m

e
(t*Study1(-Simulation_OriginaI_De
=] Parts

¥ cH End Cap - 300m STED
-[% CH End Cap - 300m STED
[ views Part, Acrylic 150m-1
] ;Connections

+‘g Component Contacts

----- Fixtures

@ External Loads

..... Mesh

|7~ Result Options
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Applying Fixtures

22

A component that is not fixed will
travel indefinitely in the direction
of the applied load as arigid body.
Fixtures and loads define the
environment of the model.

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

Each load or fixture condition is
represented by an icon in the
Study.

In this section, address an On
cylindrical face fixture.

SolidWorks Simulation

Standard (Fixed Geometry) &

| standard ¥

@ Fixed Geometry

Advanced(Use Reference 2

LLS

(4] Roter/sicer
@| Fixed Hinge
Q
[Advanced =
= = -
I et cobr.
TT 100 :
Show preview

@| Symmetry
@ Circular Symmetry

@ Use Reference Geometry

@J On Flat Faces

|§J On Cylindrical Faces

|§J On Spherical Faces

|

il |

1

=

|

=
3

=
3

[&)(8) (@ mg
a2

Symbol Settings 3

..

Applying Fixtures
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Applying a Fixture
1 Apply a Fixture.

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

in the CommandManager.

m  Click Fixed Geometry. The Fixture RENGE :f;rf;;:f”"
PropertyManager is displayed. The (T | Fixed Hinge
Fixed Geometry option is selected by @ e S

B Advanced Fixtures

default. Fix the model to simulate

SolidWorks Simulation

&SOL}DWGRKS I File Edit View Insert 7

G

how the two EndCaps are mounted to

the Housing.
2 Select the Faces to be Fixed.

m  Click the cylindrical face of
the right EndCap as
illustrated. Face<1> is
displayed in the Standard
(Fixed Geometry) box.

m  Click the cylindrical face of
the left EndCap as
illustrated.

3 Set Fixture Type.

Standard (Fixed Geometry) 4]

[ {&‘Jr\ Fixed Geometry
[ | Fixed Geometry
I_Q_,__,__“l

|§| Fixed Hinge

Face<1>@CH End Cap - 30

® Expand the Advanced dialog box.
m  Click the On Cylindrical Faces box. The
Translations dialog box is displayed.

Applying Fixtures

F~Base-Revolve of CH End Cap - 300m
ity

l,'

Advanced(On Cylindrical r-]
Faces) )

|@| Symmetry

|E| Circular Symmetry

|E| Use Reference Geometry

|E| On Flat Faces

\T:: On Cylindrical Faces

|'L:)| 0On Spherical Faces

b Face<1>@CH End Cap - 30
Face<1>@CH End Cap - 30

23
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4 Select Units and Displacement

T A
= Seees Jo—— ek
m  Select mm from the Unit e . sedoy o]
Ik o \ W

drop-down menu.
m Click the Circumferential

box. -
¥ mm

m  Click the Axial E box. Axial ey e o
View the results in the
Graphics area.
5 Apply the Fixture.

m  Click OK from the Fixture

0 - rad

7| Reverse direction

) ¥ (

IR 2
S

@ LBV_ASSY (Simulation_Origina 4

PropertyManager. An icon named On (] Sensors
Cylindrical Faces-1 is displayed in the S: S 4
Fixtures folder. [ % Front |
..... g Top
..... Right
Note: Press the f key to fit the model to the Graphics | i oﬁgm

area. %, (-) Support Tube<1> (COSh

-8 (f) View Port, Acrylic 150m< +
L reerTy— +
ik
Q*Study1(-Simulation_OriginaI_De
EI% Parts

-0 CH End Cap - 300m STED-
-0 CH End Cap - 300m STED-
[ views Part, Acrylic 150m-1
Bﬁ; Connections

g Component Contacts
Ely:f Fixtures

——»8 On Cylindrical Faces-1 (wva
(3] External Loads
..... Mesh

|7~ Result Options
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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.

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

seawater.

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

14.7 PSIL.

m  Apply the Normal to selected face
option for Pressure Type.

B Sclect all exposed faces of the
Housing to apply a pressure load to
simulate the seawater depth

pressure.

Applying Loads

SolidWorks Simulation

b3

Type

(@) Mormal to selected face

(") Use reference geometry

I

Pressure Value A
E| [mem"z (MPa) v]
o1 » Mjmm~2 (MPa)

[ Reverse direction

["| Nonuniform Distribution &

S I

Equation coefficents

Symbol Settings

]
T
il w0 =

Show preview
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Applying a Pressure Load

1

Note:

Note:

26

Apply a Pressure Load.

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

m Click Pressure . The
Pressure
PropertyManager is
displayed. The Type tab is
selected by default.

®  Click the Normal to
selected face box.

Select the Faces to Apply the

Load.

m Rotate the model with the

middle mouse button as
illustrated.

B Click the front EndCap as

SolidWorks Simulation

e

1

i

WL | Pressure 4—
@

£

18 OB

External | Connections Run | Results
Loads... | Advisor | Advisor

External Loads Advisor
Force

Torque

Gravity

Centrifugal Force

Type

k3

illustrated. Face<1> is displayed

in the Faces for Pressure box.

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.

If you select an incorrect face,
right-click inside the Faces for
Pressure box and click Delete
if deleting a single face or
click Clear Selections if you
want to clear all entries.

Face ID’s in list may vary.

Type

A

@

T

(%) Mormal ko selected Face

O Use reference geometry

Face<5=@VYiew Port, + A
Face<4>=@CHEnd Cap
Face<3=@CH End Cap
Fare <2 >@CH End Ca
=l

rlear Selections

|

% Mormal to selected face
(“MUse reference geometry

Applying Loads
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3 Select the View Port Face.

m  Press the f key to fit the model to
the Graphics area.

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

B 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.

Applying Loads

[Pressure walue (Minm*2 (MPad 1]

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.

6 Apply the Pressure.

B Click OK from the Pressure
PropertyManager. SolidWorks Simulation applies

1500 PSI pressure and creates an icon named
Pressure-1 in the External Loads folder as
illustrated.
7 Fit the model to the Graphics area.
B Press the f key. View the model in the Graphics
area.

Note: If you change units after typing a value, SolidWorks
Simulation converts the value to the new units.
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d=

Type
(@) Mormal to selected face

»

(7 Use reference geometry
[ WFece<s>ecrend cap- «
| Face<4>@CH End Cap -
i Face<3>@CH End Cap -

|Face<2>@CHENd Cap £ |
| Face<1>ECH End Cap
|

Pressure Value 3
i =
it} 1500‘\vpsi
[ reverse direction
(= iform Distribution ¥
| Symbol Setti v
S EEe] >
(T~ ;
N LBV_ASSY (Simulation_Original 4|
[ Sensors |

[]--@ Design Binder
[J--IE Annotations
..... % Front

..... & Top B
..... %> Right

..... 1. Origin

----- ! {%J (-) Support Tube<1> (COSh

- (f) View Port, Acrylic 150m-<[ -
< _:E'r_rr_. r
i )
Q*Study1(-SimuIation_OriginaI_Des
=] Parts

¥ cH End Cap - 300m STBD-
w-{[% CH End Cap - 300rm STBD-
1 view Port, Acrylic 150m-1
3 Connections

g Component Contacts
g:\gFixtures

B On Cylindrical Faces-1 (wva
=] (] External Loads

%Mesh

..... |~ Result Options
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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.

gV

s S AT
WAV,

A m:.:Av‘uvAA

Before Meshing After Meshing
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Creating a Compatible Mesh

Gk X
1 Create a Compatlb|e Mesh. (?’Stut:lj};r]'.:s(-SimuIation_Origma\_Desi
m  Expand the Component Contact folder from 5 CH End Cap - 300m STBD-1
he Stud (2 [F CH End Cap - 300rm STED-1
t € tu y tree' '__.@V\ewport/ﬂ.cvyllc 150m-1¢

m Right-click Global Contact (-Bonded-). L
m  Click Edit Definition. The Component Contact
Suppress

[ %Co g
PropertyManager is displayed. View your ff El O Cylina| | —

atel: :l

options. o

m  Click Compatible mesh from the Options box. @ hesh <
Accept the default settings. N

m Click OK from the Component Contact = l_ EEII&I—
PropertyManager. In the next section, start the v R 4=
Meshing process. | Message ]

Select the components/bodies to
define a Bonded contact. Note:
Selecting the top level assembly will
apply a Bonded contact to all
components.

» |

?Coﬁtacf :I'vpe
) No Penetration

(@ Bonded(No dearance)

) allow Penetration

E-Components
[¥] Global Contact

|

w®, 5V nssvsioasn

| options &

?%Compauh\e mesh
_Incompatible mesh

Note: You can also right-click Study 1 e
and cligk .P.roperties to set mesh Gl* T o
compatibility. Update All Components

Export...

Trend Tracker
Create Submodeling Stud

Delete

Define Function Curves...

Static -

Options ‘Maptive | Flow/Themal Effects I Hemarkl

Gap/Contact
[ Include: global friction Friction coefficient: .05

[ Ignore clearance for surface contact

I_IIL}ImpmvE accuracy for no penetration contacting surfaces (slower)
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Creating a Mesh

1 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.
m  Expand the Mesh Parameters box. View the
available options.
m  Click the Standard mesh box.
m Expand the Advanced box. View the available
advanced options for additional control.

Creating a Mesh and Running the Analysis

SolidWorks Simulation

73

Connections | Run | Results

Advisor

=
B

AR -

Compare|

Advisor Results

| Run Design Scenarios

Create Mesh €——

| Run All Studies

NMIEA

R

Mesh Density

»

& U

Coarse Fine

/ﬁ‘ Mesh Parameters
/@) Standard mesh

b

/ | Curvature based mesh
Blwm

A | 11.37962568mm v |5
HH
[T TRENEENENERFTTIT ]

0.56898128mm  ~ =
[ TTHENNENEEEEFTTIT ]

|:| Automatic transition

Advanced

—»=
Jacobian points

[~ braft Quality Mesh
[ Automatic trials for solid

m Remesh failed parts with
incompatible mesh

b3

Options

m Save settings without
meshing

[T run (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
Mesh to toggle the visibility of the
mesh.

Note: Right-click Fixtures. Click Hide

All/Show All to toggle the visibility
of the loads and fixtures.

4 Run the Analysis.
m  Click Run

are created.
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Connections
Component Contacts

Fixed Geometry...
Roller/Slider...

Fixed Hinge...
Elastic Support...
Bearing Fixture...
Foundation Bolt...
Advanced Fidtures...

Create New Folder

| Hidean
Shdw All

from the Simulation tab in
the CommandManager. Three default plots

g:fFixtures i
2 B On Cylindrical Faces-1 (war
[i_]ExtErnal Loads

L Pressure-1 (1500 psis)

& - grapee

H Advisor...

Lol Rest " 7

@..j Simplify Model for Meshing
& Create Mesh...
Mesh and Run

Failure Diagnostics...
Details...

Apply Mesh Centrol...
Create Mesh Plot...

B List Selected
Z

Probe

ﬂ{%ﬁ Mesh
Hide All Control Symbols

48 73 &
External Connections Run | Results .
Loads...  Advisor Advisor Rc
Simulation

etch | Evaluate £ Office Products
/

{£| External Loads

LU Pressure-1 (1500 psiz)
% hesh

7~ Result Options

| Results

L Stress1 [-vanMises-)

&l Displacementl {-Res disp-
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Viewing the Results T

After a successful run of a Static analysis, SolidWorks 2" Study 1 (-Simulation_Origina Desi
Simulation creates three default plots: Stress, =y

: X A8 cH End Cap - 300m STBD-1
Displacement, and Strain. 1 CH End Cap - 300m STED-y
B Wiews Part, Acrylic 150m-1
-T2 Connections
g Component Contacts
Fixtures
Ej On Cylindrical Faces-1 (war
(3] External Loads
LU Pressure-1 (1500 psiz)

% hesh

7~ Result Options

[/ Results

L+ fStressl CvonMises )|

w Displacementl (-Res disp-)
hEStrainl(-Equivalent-)

The results are utilized with your design criteria to
answer the following questions:

®  Will the model fail?

®  How will the model deform?

® Can you reduce material or change material without
affecting performance? =

Note: Results may vary depending on mesh type, and system
setup.

25 SOLIDWORKS | Fle Edt vew inert Toos smuston Toobox wndow hep @ |[1- (¥ -fl-8 -9 B (5 E - 1sv.. ([ seochmovledpepase. . 0 <| B - o @ 3
Q = = 18 3 & = m B vesiontnsight | @ Report

Study = Fixtures External Comnections Run | Resuits ™
e seRpply s B TS e Adusey |Deformed | Compare B Plot Tools ~ |8 Include Image for Report
Material Result | Results

%\A [ Sketen | Evaluate | Omce Produdts | Simulation [ COSRE J o @M S —
KEIEE | Wodeiname Lov_assv
([ A—

Study name: Stuey 1
Plot type: Static nodal stress Stresst
P LBV_ASSY (Simulation_Origina «| Deformation scale: 4.958

[#) Sensers ‘

& Design Binder

[A] Annotations o Mises (MTMC2 (WPE))

\<>‘ T §32342
S Right
it ]
R, () Support Tube<1> (COSH
- (f) FLOAT4s<1>
B (f) View Port, Acrylic 150m<
) (f) CH End Cap - 300m STBL
- () ML304-B<1> gl
B (-) ML303-B<1> rﬂ
g ]
-
73 Connections -
=8, Compenent Contacts
A7 Global Cantact (-Bar | 133810
f Fitures
i.[3 on Cylindrical Faces-11;
3 External Loads

- 89.308
5 45003

L Pressure-1 (1500 psicy
itesh 0,693

Result Options =
&

©- [l Results
[ s tress1 (-vonMises-)
£ z

[ Displacementl (-Res dis)

I Straind {-Equivalent) |
~| Tlsemetric

I{I\!I\D\IIIIMI TWotion Study - Default ] 4 Study 1

SolidWorks Premium 2013 164 Edition Under Defined__Editing Assembly MMGS + 2]

486 038

2> Front ‘E

| 443735

. 399431

L 355128

| 30824

266 521

2227

L 177913
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View the Results —
1 Hide all symbols. 3

m  Click the drop-down menu from the ;.
Hide/ Show items tool in the )
Heads-up toolbar as illustrated. &4
- E [
m  Click the View Simulation Symbol &=
icon to hide all symbols. A
2 View the von MisesyStresses. [?
B Double-click Stress1 (-von Mises-). @E
The Stress Plot PropertyManager is -
displayed. Plot units if needed can be '];imsa.....ma.,..s,...bons
modified from the PropertyManager. [i“;”,ﬁ;‘:'niﬂi:ﬁf‘iet;{,;’fni{ﬂ‘;Z"‘“‘
connectors in simulations.

m  Click OK from the Stress Plot
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: 4.958

won Mizes (Mimm*2 (MPa))
532342
455035
. 443735
. 39943
. 395128
310524
266521
222217
I = ]
. 1336810
§9.306

45.003

0699
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Note: 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.

3 Display a Section View using the Top Plane.

m  Click the SolidWorks FeatureManager [® ] tab.

m  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.

m  Check the Show section plane box.

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

Viewing the Results

SolidWorks Simulation

Mesh

= !E]Results
&‘E % Hids
E
& 3 Edit Definition. ..
D Animate. ..

YEES -
b= N
Q‘iFeatureManager design tree Linal_[ A

T

%] Sensars
[ @ Design Binder
[ il Annokations
\<§\ Front
\<§\ Top 4_
%> Right
I.. Crigin
8 (=) Suppart Tube=1 3 (COSM .

L[ R ) Td

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

@3 Section Clipping
bn @I Isa Clipping

/ Probe

:g | List Selected

@ Save As

B> | Animate

9= [Re

o %

Section1
B @ ©
Bl ]
\(’D\ 0.0000mm
E 0.00deg

u 0.00deg

?\‘ 40.60283303mm

b3

»

1

41+ 4

« |

[ section 2

® |

Options
&

/v'?E Show section plane

[]Plot on section only

Show contour on the uncut
portion of the model

Explode after dipping

Z|
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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: Usethe Zoom to Area tool
located in the Heads-up View am
toolbar to Zoom in on a section T
of the model.

CR@R-D-oo- @ L-B-

Zoom ko Area
Zooms to the area you select with a

bounding box.

4 Display an Isometric view.

Click Isometric view from the Heads-up
View toolbar.

5 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
Result PropertyManager is
displayed.

@' | Iso Clipping

/ ; Probe 4—

2 | List Selected

ﬂ i Save As

= | Animate
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m Click five points from front to back as illustrated.

b3

Report Options
m  Click the Plot |'£]] button from the Report Options @ & g

box. View the results. Annotati A
Show NodeElement Mumber
Show X,¥,Z Location

Show Value

Note: Results will vary
depending on the selected
location of the points.

Hode
X, *, Z Location: [5.4,5.67e-016,1 04 mm
[Value 205203 Mimin2 (M)

=
32,0103 mm
_

%Proheﬂesult . E=REEC X
File Options Help

6 Review the Plot.
® Review the plot.
This is an excellent

: Study name: Study 1
way to examine the Plot type: Static nodal stress Stress1

variation in stress

across the S
geometry of your
part 250.00

7 Close the Probe
Results dialog box.
m Close the Probe
Results dialog box.

wvon Mises [Nimm®2 (MPa||
ma
S
S

150.00
8 Close the Probe
Result S : : : : i
PropertyManager. #0 # # # #4
Location

m Click OK from i
the Probe Result ——  von Mises (N/mm™2 (MPa})
PropertyManager. L 0.274854, 315.044
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9 Deactivate the Section Plot.

Click the Plot Tools drop-
down arrow from the
Simulation tab in the
CommandManager.

Click the Section Clipping

tool. The Section
PropertyManager is
displayed.

Click the Clipping on/off

button from the Options
box as illustrated.

Click OK from the
Section PropertyManager.

10 Fit the model to the Graphics
area.

Press the f key. View the
results in the Graphics area.

11 View the Displacement
Plot.

38

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

SolidWorks Simulation

Design Insight
B Design nsi
Compare Plot Tools

Results [ | 3 2 %
Section Clipping
ion Iso Clipping
/ Probe

E List Selected

@ Save As

5 Animate

Options

@ m

Show section plane

»

Naaaf

[¥]Plat on section onky
Show contour on
[the uncut: portion of

the miodel

Explode after
t clipping

7=

|Clipping on | aff

von Mises (Ninm"2 (MFa))
532342
483,038
L 443735
. 399431
| 355128
310824
266,521
222217
Tk Ikl

| 133610

53,306
45.003
0.699

URES (mm)
4.426
I 4.058
| 3EE8

. 3320

. 2851

| 2.583
2.214
1.845

L1477

L 108

07339
0.370
0.002
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12 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.

13 Stop the Animation.

Click Stop [

14 Save the Animation.

15 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.

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

Safety Plot tool. The
Factor of Safety
PropertyManager is
displayed.

Select the Selected bodies
button.

Click the first CH End Cap
component in the graphics
area.

Select Max von Mises
Stress from the drop-down
menu as Criterion. Note
your options for Criterion.

Viewing the Results
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E Design Insight

foompare E Plot Tools. %

Results | 7 i
@3 | Section Clipping

bn 1 [ | 150 Clipping

f Probe
A | List selected
ﬁ | Save As
_’b | Animate
[Z3A :
R
Basics A

Save as AVI file A

CiDocuments and Settir
er

[ view with Media play

%

Advisor...

Solver Messages...

Define Factor Of Safety Plot.
Definé@tress Plot...
Define Displacement Plot...
Define Strain Plot...
Define Design Insight Plot...
Define Fatigue Check Plot...

&, 67 65

¢ % ' 5 8

Message A

For Ductile materials use Max von Mises stress
or Max Shear stress criterion.

For Brittle materials use Mohr-Coulomb stress
or Maximum Normal stress criterion.

Steplof3

3

/v{i- Selected bodies
4

Al

I

&:‘, IMax von Mises Stress k
Max von Mises Siress
Max Shear Stress (Tresca)
Mohr-Coulomb Stress
Manx Mormal Stress
Automatic

Property b3
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40

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

i+~ Factor of Safety Ea
¥ X (ENC)
5
|Hﬂsﬂj¢ M
—
Step 1of 3 A
(@]

@ Selectzd bodies

CH End Cap - 300m STBD-ho

&? Max von Mises Stress h

SolidWorks Simulation

' Factor of Safety |
K @ @
Step20f3 Mext

:
Set stress limit to
@ Yield strength
() Ultimate strength
(") User defined

1

Multiplication factor

Ovanmises
T Limit

Step3of 3

b3

() Factor of safety distribution
(fl&.b.reas below factor of safety
1

Eafety result

ased on the maximum von Mises
stress aiterion:

%‘I\nimum factor of safety:

as illustrated from the Results folder.

Click Chart Options. The Chart

Options PropertyManager is displayed.

|~ Result Options
B{EI Results

ﬂStressl(-vonMises-)
ﬂl Displacementl {-Res disp-)
he Strainl (-Equivalent-)

| Hide

|Edit Definition...

| ! L
m Section Clipping...

| ChartQptions...

FE | Settingt...
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m  Check the Show min annotation box. Accept the
defaults settings. View the results in the Graphics

arca.

Note:

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

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 approximately 0.66. You did not

SolidWorks Simulation

e

S

W R
Display Options A
Show min annotation
Show max annotation

Show plot details

m Show Min/Max range on
shown parts only

«

| Position/Format

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.

—
75 soumworxs || Fe Edt vew imert Tods Smisten Tosbox window hep &[0 -2 - - & -9 (K]]8 G H-

042 -8

18V... [ ] search knowiedge Base

Study i=
Advisor | ABPlY

o

Y| Advisor Loads...

Fixtures External Connections Run | Resuits

B pesign nsight

Deformed Compare B Plot Tools
Result  Resuts

IS

Adhvisor Adbvisor

& report

~ | B Inciude Image for Report

e~
< LBV_ASSY (Simulation_Origina ~
[&] Sensors

& Design Binder

B () Support Tube<1> (COSN
% () FLOATAs<1>

) () View Port, Acrylic 150m <
" () CH End Cap - 300m STBI

[3 0n Cylindrical Faces-1¢
L Bternal Loads

L Pressure-161500 psiy
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{/~ Result Options
(=-{Ba] Results
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108 Displacerment1 (-Res dis|
R Straind (-Equivalent) |
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® 3

§ (-) Backplnl <1> (Default) ]
| \
I

B, Companent Contacts  *

of Fixtures

L' actor of Safetyl (-Majlll

[T P17 [ Model | Wotion Study - Default | 4 Study1 [
SolidWorks Premium 2013 64 Edition

Assembly | Layout | Skeich | Evaluate | Office Producis | Simulation [
RERAE | Model name: LEY_assv

Q0 M@ (P @ B B BE<S X
Sty name: Study 1
Pt type: Factor of Safety Factor of Satety! M o WSS Strss
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Creating a SolidWorks
eDrawings File

42

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.

SolidWorks Simulation

& save As

QC\\ » SolidWorksSimulation Test Drive » SolidWorks Simulation b LBV_ASSY-Study 1

Organize Newfolder

~ Name

/¢ Favorites
B Desktop
4 Downloads

] Recent Places
3 Libraries

i) Pictures

Videos

& Homegroup

Date modified Type Size

No items match your search

g

“ Hide Folders

Save Configurations to eDrawings file &I

(@ Current configuration
() All configurations
(7 Selected configurations:

Saving additional configurations may increase
save time and file size.

OK ] [ Cancel ] I Help

Creating a SolidWorks eDrawings File
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Creating a SolidWorks eDrawings file

J External Loads

1L Pressure-1 (1500 psit)
% kesh

|~ Result Options

{Ea| Results

o

&l Displacementl (-Res dig]
&E Strainl (-Equivalent-)

1 Create a SolidWorks eDrawings file.
m  Double-click Stress1 (-von Mises-) from the Results
folder.
®  Click the Plot Tools drop-down arrow from the
Simulation tab in the CommandManager.

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 %

@g Section Clipping
@D Isa Clipping
/ Probe
é List Selected
@ Save As
B> | Animate
m Click Save. P
QQ\ < SolidWorksSimulation Test Drive » SolidWorks Simulation » LBY_ASSY-Study 1 [ 4 | searcn BV A
Orgenize Newfolder
Documents library s Falis
LBV_ASSY-Study 1
Name Date modified
No it natch h.
=] Pictures
Videos
«& Homegroup
File name: -
e e =
4 Hide Folders. Cancel

2 Publish a SolidWorks .
eDraWing- | File | Edit View Insert Tools Simulation Toold

m  Click File, Publish to eDrawings - s
2 | Open... Ctrl+0

from the Menu bar menu. The R o St
Save Configurations to eDrawings | 58 | Make Drawing from Assembly
ﬁle dlalog bOX iS dlSplayed 5B | Make Assembly from Assembly

H Save Ctrl+5

H Save As...
&P | Save All

Page Setup...
@ Print Preview...
& | Print... Ctrl+P
28 | Print3D...

Publish to 3DVIA.com...
——# | Publish to eDrawings
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Accept the default settings. Click OK from
the dialog box. If needed click Yes to the
dialog box. View the eDrawing.

Click Play El View the eDrawing.
Click Stop El

@ File View Tools Window Help

SolidWorks Simulation

(@ Current configuration

() All configurations

(7 Selected configurations:
[Flpefault
[Fsimulation_Criginal_Design

Saving additional configurations may increase
save time and file size.

(o J [ comed J[ 1o ]

= |5|L|

B&ﬁ@

Open Print... Help

Zoom Fit Zoom Area  Zoom Rotate

Select Home  Mass Props

K = B > s B

Previous  Stop MNext Play ¢ Measure Section  Stamp

%
=
=3
&
7
=
0
E
>
)

Available: SobdWorks 2013 PRI sav.. @ DRAWINGS® 7 @

Q @ Q@ g ?‘mpggm‘ k| @ B
&
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Plot.

m Click File, Open from the
Main menu in eDrawings.
®  Double-click the LBV- —
AssY.study 1 ln the Saved | » SolidWorksSi... » SelidWorks Simulation » = |4 | Search SolidWorks Simulation O
study folder. View the n § m—aiyn il
. . it Favorites oo s ype
eDranng fOr the von Mlses B Deskiop ()l Finished 10/14/20119:22 AM  File folder
j Downloads b4 LBV_ASSY-Study 1 10/14/201110:03 ...  Filefolder
Plot_ ‘] Recent Places (@ LBY_ASSY-Study 1-Results-Stresslanalysis_ 10/14/2011 10:03 .. _EASM File
. . [ Libraries
m  Click Play[>]. View the i
. ab Music
eDrawing. = peurs
& Videos
m Click Stop[®] P
B Close the eDrawing and worgis
. &, Local Disk (C:)
return to SolidWorks e Lol Dk )
. . 43 CD Drive (E)lom ™ | . ] r
SImulatlon File name: LBV_ASSY-Study 1-Results-Stressl.analy v |eDrawings Files (*.cprt,".casm,” v
m Click No. Do not save the B0 i

eDrawing.

View the Stress1 (-von Mises-)

SolidWorks Simulation

@ File View Tools Window Help

4 L R @

Fhan e e sam R

Q Q@ Q@ g % ‘ P 7 ‘ @ ' <om Bl B
BorfE Srmies o Geas Pan SR Trmeess G ST | fmeers Gen Gkw B

-a &
Iveasure Section Stamp
% ®
E Move

E E Enfertfext to fiter st

—/ = LBV_ASSY-Study 1-Results-Stress
% CH End Cap - 300 5TBD a1

A % CH End Cap - 300m 5TBD a1

E % Wiew Port, Acivlic 150m-1

@ 4 LLL#

Avaiable: SoidWorks 2013 PR1 i avaiable for download

—|@ DRAWINGS® 7 @

Creating a SolidWorks eDrawings File
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Generating a Report
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- o E Design Insight i@ Report . |

The Report utlhty Deformed Compare % Flot Tools - E Indude Ima*e for Report
Result  Results

generates an Internet-

: ; - - Report
Simulation J € € "‘t:{ H:ﬂ @ - j - G G{Generates a Word report For the current

analysis study,

ready or Microsoft®
Word document
convenient for review
by colleagues and
supervisors. The report describes all aspects of the analysis including material
properties, applied restraints and loads, and the results.

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

ABC
Phone: E65-56555

Simulation of
LBV_ASSY

A Date: Monday, October 08, 2012
% Destgner: John Smith
' : Study name: Study 1
Analysts type: Statio

Table of Contents

Desaription 1

lhodel Infarmation

Study Properties
M=l 50 0
Material Propertis...

Description

HOTD Report

g3
SOLIDWORKS  Andlyzed with SolidWorks Simulation Simulation of LBV_ASSY 1

MS Word Format

Generating a Report
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Generating a Static Study
Report

1 Generate a Static Study
Report.

m  Click Report

from the Simulation
tab in the
CommandManager. If
needed, click OK to
the dialog box.

®  Enter Description:
HOTD Report.

B Check the Designer
box.

m  Enter Name.

® Check the Company
box.

m  Enter Name.

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

®  Click the Apply
button.

m  Click the Publish
button.

Generating a Report

SolidWorks Simulation

i B Designinsight {0 Report

Y —
Deformed Compare m Flot Tools = E IncUtle Ima §e for Report
Result  Results

- . - - Report
Simulation B, & '*{{ i3] @ ) Ij - G~ | Generates a Word report For the current

analysis study,

Report Options &J

Current report format:  Static Study Format

Report sections:

Section properties
Description:

|| Assumptiohs HOTD Report
[/ Model Information
[¥] Study Properties

[¥] Units

[¥] Material Properties
[¥] Loads and Fistures
[¥] Connector Defiritions

m

[¥/] Contact Information
[¥] Mesh Information
[¥/] Sensor Details

(=0 P

Header information
[#]Designer:  John Smith

[#/] Company: | aBc|
[ URL:

[ Logo:

[7] Address:
[Zlphone: [T Fax:
Report publish options

Report path: C:\Wsersth'DocumentsHands on Test Drive Simulation 2013\soli | ,,

Document name: LBV_ASSY-Study 1-1
hnw report on publish

) Pubish ]/bApp\y ] [ cancel | [ heb
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2 View the Result.

Microsoft Word
opens and the report
is displayed.
Review the contents
of the report. Note
Result plots are
included.

3 Close the Report.
m Close the report by

exiting Microsoft
Word and return to
SolidWorks
Simulation. The
Report folder is
displayed.

Reports can be fully

customized to your
requirements.

SolidWorks Simulation

Description
HOTD Report

743

ABC
Phone: 5EE-55E55

Simulation of
LBV_ASSY

Date: Monday, October 08, 2012
Destgner: John Smith
Study neme: Study 1
Analysts type: Statio

Table of Contents
Dt B T 1

Model Information mmnn 7
Study Froperties
Units

Material Properties..... g
Loads and Fixtures.....

Conneator Definitians..

Senzor Details
Resultant Forces........ SO |
Beams

Study Results
Conalusion T “

ol
bt Study 1 (-Simulation_Original_
% Parts
488 CH End Cap - 300 STH
[ cH End Cap - 300m STH
188 View Port, Bcrylic 150m
3 Connections

& Component Contacts

g:\g Fixtures

Ej On Cylindrical Faces-1
{}__;]External Loads

M Pressure-1 (:1500 psiz)

% Mesh

Results

@ Stressl (-wonhdises-)
&l Displacementl (-Res di
&ae Strainl (-Equivalent-)
[ Factar of Safetyd (-Max

Generating a Report
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Analysis 2 - Static Study 2

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 in
class, 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.

Analysis 2 - Static Study 2

SolidWorks Simulation

e »
/? oy .
[+ :-‘AI Annokations »
\<§\ Front
& Top
% Right
I.. Qrigin
W8y (-1 Support Tube <1 (COSMOS)
B () FLOAT4s<1>
[F Yiew Port, Acrvlic 150m <12 - |

(ol 1Y 0
=8} (F) CH End Cap - 300m STED-na ta
: ;./ Coincident6372 (CH End Cap -
= @ Features
[ sensars
[+ :;l Annokations
8= Material <not specified:=

\<§\ Flanel
\<§\ Flanez
\<§\ Flane3
1, Origin____

w oo el @ 18]
\<§\ Flg .E{} k .

-5 Ry
£p

o @) cul IR | Invert Selection

10 2
20T et cinpattern)
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Creating Analysis 2 - Static Study 2
Create Study 2.

1

Note:

50

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

Click Duplicate. The Define Study
Name dialog box is displayed.
Enter Study 2 for Study Name.

SolidWorks Simulation

~.[&| Report
() Images
Study 1-1
Results
-

ﬁl Displacementl {-Res disj| 74

----- {8 Factor of Safetyd (-Maxy| *I

IR Model [ Motion Study -

SolidWarks Premium 2013 x64 Edition

Dyplicate
Rename
Delete

Create New Motion 5tu
Create New Simulation

Create New Design Stu

| Define Study Name

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

Study 2 is a copy of Study 1.

Modify the EndCap Part.
B Click the Model tab at the bottom of the
Graphics area.

®  Expand CH EndCap - 300m STBD-no tab-

revf.
m Right-click CirPattern1.

m  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.

m Rotate the model with the middle mouse
button to view the unsuppressed ribs.

Return to Study 2.

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

Study Mame :
Study 3

Eonfigl.%tion to uze:

I Simulation_Original_Design - I

[ Qg ]l Cancel I[ Help

% Planet
% Planez
% Planed
I.. Crigin —
7 (1@ |
[+ 6+ Base-R @II |y
% Plane7 | El
& % R;:;ZEE = Unsuppress
£ BT :
Invert Selection
) [[@] cut-Ex
b {Feature (CirPattern1)

SolidWorks Premiumad013 x54 Edition

e % (F3 Wiew Port, Acrylic 150m<1 = -= (COSM
=¥} (F) CH End Cap - 300m STED-no tab-revF-
[+ (%] Mates in LBY_ASSY
{ﬁl Sensors
[#-[A] Annotations
8= Material <not specified:>

S v Sy 2
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4 Review Study 2. == -
m Review Study 2. The material and Load/ A ot
Fixture information from Study 1 is copied to o PParts
Study 2. Since the geometry changed, Mesh Eéi"g::::;:enteontacts
the model and Run the analysis again.

[

Fixtures

Ej On Cylindrical Faces-1(;
J External Loads

----- LU Pressure-1 (1500 psiz)
/M Mesh

|~ Result Optians

[+ H] Report

(0] A Results

5 Mesh the Model.

m  Click the Run drop-down arrow -i B o
from the Simulation tab in the Advisor Resits
CommandManager. @ == ]

m  Click Create Mesh . g e

®  Click OK to the message, l Run All Studies

“Remeshing will delete the
results for study: Study 2.” The | Mt e
Mesh PropertyManager is
displayed suggesting Global Size I, Remeshing will delete the results for study: Study 2.
and Tolerance value.

_"’ 0K | I Cancel
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6 Start the Mesh Process.

®  Check the Mesh Parameters box. View your | E_ &
options. )f .

B Check the Run (solve) the analysis box. o ﬁ

m Click OK from the Mesh PropertyManager. B U
Meshing starts and the Mesh Progress window s Fine
appears. View the results in the Graphics area.

/M Mesh Parameters A

(@) Standard mesh

() Curvature based mesh

Hm

A | 11.37962568 - =
=]

[ TEENENENEEETTIT ]

0.56898128m + =

[ TTENENSREEECTTT
|:| Automatic transition

Advanced A

Jacobian points
[ braft Quality Mesh
[ Automatic trials for solid

m Remesh failed parts with
incompatible mesh

Options ]
5 i ithout
Cesang
@}Run (solve) the analysis
7 View the Results Folder. 7= .
m  Expand the Results folder. 2 Study 2 (-Simulation_Original_{

[ Parts

T2 Connections

g Component Contacts
g:_\gFixtures

: B On Cylindrical Faces-1 (]
(] External Loads

------ LU Pressure-1 (1500 psiz)
%Mesh

; [~ Result Options

E{E Report

g@m

R CfStress] CvonMises-
&l Displacementl (-Res dis|
&5 Strainl (-Equivalent-)
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8 View the von Mises Stresses Plot. =
®  Double-click Stress1 (-von Mises-). The von A
Mises stress plot is displayed. View your -G parts

. =T Connections
Optlons- B gCDmponent Contacts
m  Click OK from the Stress Plot ’“f_%‘téf}ynndrical el
PropertyManager. View the results in the - xtemal Loads

Graphics area. G e

-}~ Result Options
{E Report
5] {EIResults

isplacementl (-Res dis|
&E Strainl (-Equivalent-)
ﬁ( Factor of Safetyl (-hax

Note: Results may vary depending on mesh type, system
setup and system options.

S soLiowoRks | Fie Edt Vew Inert Took Simstin Toobox Wdow heb 8| O-F-B-2-8. B E - LBv_Assy = P . o @ %
Q@ = o 1d 9 B & B Designnsight @@ Report
tudy e Eierd | Conecions. Rin [[Resis i
el e e e T P Mg, Deformed Compare Plot Tools « | B8 indude Image for Report
Material - Result  Results
Jssemoly [ Layout | Sketch [ Evaluate | Office Producis | Simulation [ QAW E Do @ B B =
JEIEYE » | Model name: LEV 455V
= Study name: Study 2
4 Plot type: Stalic nodal stress Stresst
) (f) CH End Cap - 300m STBD-no tab-revf<1> (Defaul «
S Mates in LBV_ASSY von Mises (Mimm?2 (MP=)
() Sensors B
(4] Annotations 353,958
;E Material <net specified> P
-3 Planel -
[P —— 5 == | 285375
d . 266.084
Stuety 2 {-Simulation_Original Design-) o
Patts
3 Connectians 207 502
148, Companent Cantacts
o5 B 178.210
ixtures :
:..[7 on Cylindrical Faces-1 (wariable:) 148919
|- External Loads
L Pressure-1 (1500 psis) - 119628
irech | 90338
~ Result Options
(&) Report 61045
(] Results b
[B "fStress1 (-vonMises-|
[ Displacement (-Res disp-) 2452
L Straind (-Equivalent-)
LB Factor of Safetyl (-Maxvon Mises Stress-)
i
ZAJ\N
“Isometric
& Study 1 | ¥ Study2 |
lidWorks Premium 2013 x64 Edition Under Defined _ Editing Assembly MMGS +  [F]
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9 View the Factor of Safety.
B Double-click Factor of Safety1 (-Max

m Rotate the model to view the blue surface.

von Mises Stress-).

The blue area displays a FOS above 1.

The minimum FOS is now 1.12.

10 Compare Study 2 to Study 1.

Click Isometric view from the
Heads-up View toolbar.

Click (f) View Port in the
FeatureManager.

Hold the Ctrl key down.

Click the second CH End Cap - 300mm
component. Both components are
selected.

Release the Ctrl key.

Right-click Hide components from
the Context toolbar.

Double-click Factor of Safety1 (-Max
von Mises Stress-).

Click OK from the Factor of Safety
PropertyManager. The two components
are hidden in the Graphics area. View the
single CH End Cap.

SolidWorks Simulation

[-{#|Repart

E!--{Elﬂesults

@ Stress1 (-wonhdises-)
&l Displacementl {-Res dig

QR e »
f? s 1
@ LBY_ASSY (Simulation_Original_Design< <
: @ Sensars
1+ @ Design Binder
1+ [_il Annotations
\<§\ Front
£ Top
&> Right
I.. Qrigin
By () Support Tube <13 (COSMOS)
-8y (F) FLOAT4s<1>
[# % (F) Wigw Port, Acrylic 150m <1 = - (C
+ %8 (F) CH End Cap - 300m STBD-no tab-r
By () ML304-B 1>
By (- ML303-B=1>
N@) (-} Backplni <1 (Default)
B (- Aft Floakationi<1 > (DeFault)
- Q@j {-1 Float-Plastic Frame =3 = {Default)
-8y (-} Float-Plastic Frame <1 > (Default)
N\% (=) Bumper Side, Rlackic DEWR1~ T
S, (-} Bumper 5ide, A B P |8 |6t Ik
By () Handle, LBV <1 8 @
-8y (- CHEnd Cap -
ERL Y ) CH End Cop - e
@ @@ MateGroup1 D& Invert Selection)

Hide compor

. cTor - L

[+ 3] Report

= |E| Results
@ Stress1 (-vonMises-)
w Displacement] {-Res disp-
&F Strainl {-Equivalent-)

5 &lfj:%or of Safety1 (-Max von Mises Stress-)
1
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m Rotate the model and view the results.

m  Click Compare Results from the

E Design Insight

Simulation tab in the CommandManager. The CROE.E;E R PiotTosk -
Compare Results PropertyManager is displayed. SN Report

Both Study 1 and Study 2 are checked.

S
Compare Results

Lt Compares mulkiple results side-by-side.

B Click the Manually select results to view box.

m  Un-check the Displacement1 and Strain1 box
under Study 1.

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

b3

DOptions

Compare selected result

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.

Analysis 2 - Static Study 2

o across studies

9 Wiews multiple resulks of
current study

Manually select results to
C&view

g’| Stressi Py
|| Displacement1

[ straint

Factor of Safetyl

[ pisplacement1
Ll swaint

bl: Factor of Safebyl:

Use settings from this
[ plot For plats of the same
bvpe:

| study 1::5tress1 w J

55



SolidWorks Simulation

SolidWorks Simulation

—
75 soLIDWORKS | Fle Bt Vew Imett Tods Smuaton Toobox window Hep @[ -3 -fd-% -9 -G-8 S & - LBY_AssY = P - B X
= = 18 3 B pesigninsight G Report
Study | .~ Fixtures External Connections Run | Resuits
il Aty B TS T Aaviger Deformed Compare P Piot Tools ~ |8 tndude Image for Repart
Material Reslt  Results
Assembly | Layout | Sketch | Evaluate | Office Praducts | Simulation [ =

Madel name: LEV_aSSY
Study name: Study 1
Plot type: Static nodal stress Stresst

=R 2
L —

B () Support Tube<1> (CC[<]
- (f) FLOAT3s<1>

By (f) View Port, Acrylic 1501

% (f) CHEnd Cap - 300m S
5% () ML304-B<1> s

By (-) ML303-B<1>

% () Backplnl<1> (Defaul
-8 () Aft Floatation<1> (D¢

8y (-) Float-Plastic Frame<3|

@, (- Float-Plastic Frame<1 = Y
~8 () Bumper Side, Plastic r‘

S, (-) Bumper Side, Plastic F

B () Handle, LBV<1> (Acc

Compare Results

leaaf

von Mises (Nimm*2 (MP&))

532342
486038
443735
399431
355128
0824
266 521
222217
177913
133810
89,306
45.003
0899

Model name: LBY_ASSY
Study name: Study 2
Plck type: Static nodal stres:

won Mises (Minm*2

353958

324 867
| 295375
. 266084
| 236793
207 502
178210
148919
L 113628
. 80336

§1.045
l 31754
2482

& () CH End Cap - 300m §
%% () CH End Cap - 300m §
{&] Mates in LBV_ASSY

(] Sensors
Annotations
= Material <not specifi

% Planel £
| v

Model name: LEW_ASSY
Stuly riame: Study 1
Plaot type: Factor of Safety Factor of Satetyl
Criterion : Max von Mises Stress
Red< FOS=1 <Hue

4

r~
-8, Companent Cartacts =

o Fistures

i-[7 On Cylindrical Faces-
L B

L External Loads =
Sl Pressure-1 (1500 psii)
G Mesh il
|~ Result Options
#|Report -

Max von Mises Stress

k l

i:1056 |

1.00
1.00
100
1.00
100
1.00
1.00
1.00

L 100
. 100
. 1.00

1.00
1.00

Model name: LEY_ASSY
Stusly name: Study 2
Plat type: Factar of Safety Factaes
Criterion - Max von Misesl

Rel< FOS=1 <§

CHE-F-oo-@ B-E-

Maix von Mises Stress

ety 100
1.00
100

L 100

L 100

1.00

1.00

1.00

L 1.00

|7/ [_Model | Mofion Study - Default_| &, Study 1 |

SolidWorks Premiumn 2013 x4 Edition

Under Defined

Editing Assembly

Click the Exit Compare button
in the Compare Results dialog

box.
®  Click the Study 2 tab if

needed. 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.

[ENEEA

(>

Q* Study 2 (-Simulation_Original _C
Parts

—-TZ Connections

g Component Contacts

Ej On Cylindrical Faces-1(:
(] External Loads

1L Pressure-1 (1500 psiz)
%Mesh

|~ Result Options

(@] Repaort

[=I-{[a] Results

iy (-vonhises-)
w Displacementl {-Res dis)
he Strainl (-Equivalent-)

----- ﬁ( Factor of Safetyl (-hax

T [ ~gel | Wotion Study - Detaut | & Stdy T ] 3¢ Study 7 |

SolidWeorks Premiurn 2013 x64 Edition
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m  Click (f) View Port in the
FeatureManager.

®  Hold the Ctrl key down.

m Click the second CH End Cap
- 300mm component. Both
components are selected.

m  Release the Ctrl key.

® Right-click Show

components from the
Context toolbar. The

components are displayed in
the Graphics area.
11 Return to Study 1.
m  Click the Study 1 tab at the
bottom of the Graphics area.
Study 1 is displayed.

®  Double-click Stress1 (-vonMises-) from the

) K [+ [H]Report
Results folder. View the Graphics area. = (] A\ Results
. tressl {-vonMises-
m Click OK from the Stress Plot Rl Diplacemehil CRes i)
[ Straint (-Equivalent-
PropertyManager' Eg( Factor of Safetyl {-Max von Mises Stress-)
B Click Compare Results from the Y y——
Simulation tab in the CommandManager. The Defl;_:?ed Cof.lare My PlotToos -
Compare Results PropertyManager is Resdt RS ol report
displayed. b i
m  Click the Manually select results to view Compare Results
box. < X
B Un-check the Displacement1 and Strain1 box lGaa ~

under Study 1.

B Check the Stress1 box and Factor of Safety1

box under Study 2. e
(&) Manually select results to visw
m  Click OK from the Compare Results Stress1 ~
PropertyManager. View the Graphics area. The E o enel

two Studies are displayed.

Analysis 2 - Static Study 2

SolidWorks Simulation

%8, (-) Suppart Tube <1 (COSMOS)

B, (F) FLOATs<1>

Qs (F) Wiew Port, Acrylic 150me1= -= (]
-8 (F) CH End Cap - 300m STED-na 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, Fla{ (¥ |I'&T.| 12§ [ BT
.‘\Q; (-1 Handle, LBV <13 'Eg k o,
8 (-} CH End Cap - 30f

B |

+ @@ MateGroupl

t& Invert Selection

el p [ _Model | Motion Study - Default | 4, Study 1 Study 2
SolidWorks Premium 2013 x4 Edition

o) Compare selected result across
studies

Wiews mulkiple results of current
@) P

Factor of Safetyl
= Study 2
Stressl

[ bisplacement1
[ straint

Fackor o

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

| Study 1::5kress1 |
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m  Click the Exit Compare button in the Compare Results dialog box. Study 1 is
displayed in the Graphics area.

A% souoworks | Fle Edt view Insert Toos Smuaton Toobox window Heb ‘ OD-2-JA-%-9- @EJ B - LBV_ASSY = Do B R
[ E & = By pesioninsight [ Report
Sty | poply Fxtres Extemal Comecions Run | ReSS poprney compare B PlotTods - |8 Incude Image for Reort
Material Result Results
Assembly [ Layout | Sketch [ Evaluate [ Office Products | Simulation [ B %
B e e » | Modelname: L& A25R8 W0 (@B~ (@~ 6w- @ M- B Model name: LBY_ASSY
(TP PR =T Are: Sty 1 von Mises (Minme2 (Mpsy) || Study name: Study 2 von Mises (Himm*"2 (MPa;
\or | Plottype: Static nodal stress Stresst Plot type: Static nodal stress Stress1
-G () Support Tube<1> (CC 4 532342 353.958
T (f) FLOATAs<1> 488038 324667
B (f) View Port, Acrylic 1501 | ggg ng 522323
B (,ﬂ ShEm L sl " ass128 | mETE3
% (-) ML304-B<1> 310824 207502
B () ML303-B<1> ! 266521 . 178210
T 22217 148818
Backplrl<1> (Ocfoul = s
t Floatation<1> (De [ 133610 | 0336
Float-Plastic Frame=<3| 89308 i B1.045
B () Float-Plastic Frame<1—| gﬁﬁggﬁ g“ﬂgg“
Bumper Side, Plastic F
Bumper Side, Plastic F
i Handle, LBV<1> (Acc
% () CHEnd Cap-300mS
) (-} CH End Cap - 300m S ~
< [l 3 Model name: LBY_ASSY Masx von Mises Stress hodel name: LB _ASSY M van Mises Stress
Study name: Study 1 Study name: Study 2
¥ Plot type: Factor of Safety Factor of Safetyl 1.00 Plot type: Factor of Safety Factor of Satetyl 1.00
- Carnponent Contacts +|  Criterion : Mas ven Mises Stress 100 Criterion : Max von Mises Stress 100
Red = FOS =1 = Blue Red = FOS =1 = Blue
oof Fixtures 1o 1
*-[J on Cylindrical Faces- " L 100
] External Loads 100 100
S Ll Pressure-1 (1500 psis)— 1.00 100
1.00 1.00
8 A vesh 100 100
|~ Result Options r Tam
(@] Report E 100 100
& ) A Results | B K i
[B f5tressl (vonMises-|
i Displacementl (-Res
L Strainl (-Equivalent-) |
Factor of Safetyl
| 7 Model |
| Premium 2013 x64 Edition Under Defined  Editing Assembly MMGS - [Z]
L 2
| File | Edit View Insert

m Click Save

m Click File, Close from the Menu bar menu. | | open...

[ﬁ | Close 4—

Note: Your design goal is complete. The structural ribs in the
EndCap provided an FOS greater than one.
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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:

Notes:

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.

You will start by performing a trend analysis on
the housing components of the SeaBotix LBV150
assembly. This is the same assembly that you
analyzed before using the static analysis feature
inside SolidWorks Simulation.

Trend Tracker Analysis

SolidWorks Simulation Professional

Unit gypstem

@ 51 [MKS)

() English (IPS)

) Metric [G)

Units

Length/Displacement:

Temperature:

Angular velocity:

Prezsure/Stress: N 2[MF +
Qi
bt Trend Study (-Sirnulation_Origing
Q % Parts

* o i view Port, Acrylic 150m-1

=1-T3 Connections

] & Camponent Cantacts

B;;ﬁ Fixtures

B On Cylindrical Faces-1 (v

= @ External Loads

M Pressure-1 1500 psi:)

% Mesh

{C Result Options

-] Results
o
w Displacementl {-Res disp]
&g Strainl (-Equivalent-)

O

Time: 15 - 20 minutes
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Note:

Note:

Note:
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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.

SolidWorks Simulation

< SolidWorks Simulation Prof.. » TrendTracker » = | 45 || searc

*  Documents library
TrendTracker

Name.

Finished

@ v fssv

18 Computer
[E100 notoad hidden
components
7] Use Speedpak
szkmtev“ =]
:

Filename: LBV_ASSY

B =&l LBY_ASSY.5LDASM
EI Cpkions

Customize. ..

m  Click the Options drop-down
arrow from the Menu bar toolbar.
B Click Add-Ins. The Add-Ins dialog box

add-Ins... €—

| Add-Ins

=

is displayed.

m Check the SolidWorks Simulation box.
B 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.

Active Add-ns

[startup

& SolidWorks Premium Add-ins
[£]R® CircuitWorks
[ 2 Featureworks
[£]€) Photoview 360
[ ScanTo3n
[] @ SolidWorks Design Checker
[] & solidworks Motion
] 1¥ solidworks Routing
g | [ solidviorks Simulation
ﬂfj __ solidvorks Toolbox
[7]5 solidworks Toolbox Browser
]38 SolidWorks Utiliies
[T Solidorks Workgroup PDM 2013
[F)ET Tolanalyst
 SolidWorks Add-ins
[[]  Autotrace
[C]  Solidworks Flow Simulation 2013
(] solidwiorks Forum 2013
[7]  solidworks Plastics
[7]  SolidWorks XPS Driver

OO0EDOD| OOCEEODEEOOEEE

Fiun Simulation Advizor from Commandh anager [You need to restart
Solidwforks for the change to take effect]

Trend Tracker Analysis
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3 Vlew the Trend Study.

|
. 7] _Model [ Motion Study - Default gTﬁ d Study
n Cth the Trend StUdy tab as ls'llli:\!\l{:llk:uremiuren ZULI;Oxﬁf;ditiuon = : -
illustrated. The Trend Study is s
displayed. i‘%r;:i:udy {-Simulation_Origin

& CH End Cap - 300m STBL)
([ CH End Cap - 300m STBL)
o [T Wiews Port, Acrylic 150m-1
=1-TZ Connections
¢ @B, Component Cantacts
f g:f Fiztures
B 8 On Cylindrical Faces-1 (»
= ] External Loads

: L Pressure-1(:1500 psit)
% hesh
| Result Optinns
[=1-{0a] Results
@ Stressl (-vonhlises-)
@I Displacementl {-Res disp
@E Strainl (-Equivalent-)

4 Perform an Analysis on the Study.

. = . . . 2 B &
®  Click Run from the Simulation tab in the Comectons Run | Resuls .1 ¢
. VISOr VISOT
CommandManager. The analysis runs and . i f
three default plots are created. aluate [ Office Products | Simutation
5 View the Von Mises Stress on the EndCap. T
m  The plot is displayed in the Graphics area. ‘f%f;ﬂfud* (et
. . = arts
Double-click Stress1 (-vonMises-). The ggm End Cap - 300m STED
. o + CH End Cap - 300m STBD|
Stress Plot PropertyManager is displayed. @ viewPors, faric 150
1 1 ] £-TE Connections
View your available options. T
. —E“ Fixtures
m Click OK from the Stress Plot - [ on Cylindrical Faces-1 g
(=3 External Loads
PropertyManager' Lﬂ Pressure-1 (1500 psiz)
6 Fit the model to the Graphics area. :g;‘;‘u“‘topm
m  Press the f key. L Results
Displacementl {-Res disp
&E Straind (-Equivalent-)

Tip:  To Zoom out, press the z key.

S o6 - B~
7 Hide all symbols. ?‘1&
®  Click the drop-down menu from the Hide/ Show o
items tool in the Heads-up toolbar as illustrated. I'g"
m  Click the View Simulation Symbol icon to hide el
all symbols. J1
9 §
Gl
—pF
&3]
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Note:

66

Click the Plot Tools drop-down arrow from the
Simulation tab in the CommandManager.

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.

Click the Update button. View
the results.

Click OK from the Probe
Result PropertyManager.

|

SolidWorks Simulation

E Design Insight
Uy PlotToqu [
@3 | section Clipping
@' | Iso Clipping

_,/ Probe

‘g | List Selected

@ Save As

B Animate

« ¥ 42

Options
O ak lacation

b3

qun selected entities

Results A

T ]

[CIFlip edge plat

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

[ Flip edge plot

1

Update

Node [Value (U2 (4P ~
3372 449.759 N
232 363.632 ‘E
3375 530.556

233 465.053

3367 437.506

234 400.242

3362 440.541

235 364.917 o
« ] '

Trend Tracker Analysis
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8 Fit the model to the Graphics area.

m  Press the f key.

SolidWorks Simulation Professional

%souawonxslﬁle Edt View Insert Tools Simuation Window Help QtDvB--&-‘ﬁyv ? - o @39
= o 18 73 [ = B Desionnsight @ Report
Study = Fixtures External Connections Run | Results
i Hinppiyis e i A Deformed Compare B Plot Tools ~ | @8 Inciude Tmage for Report
Material Result  Reslts
Assembly | Layout | Sketch | Evaluate | Office Products | Simulation |% AW @B (o @ R =
.. » | Model name: LBV _ASSY
h L) Study name: Trend Study
(?'—_ Plat type: Staic nodal stress Stress1
@ LBV_ASSY (Slmulatlon_Omgm\; won Mises (Ninm"2 (MPaj.
Sensors [
& Design Binder || a6
(Al Anrlmtat\ons (3 486 400
d 3
T | 442262
Trend Study {-Simulation_Origing . 39114
& by 9
-5 Parts
1B CH End Cap - 300m STED] | 353,967
b
4% cH End Cap - 300m STED 4 309520
A View Port, Acrylic 150m-1
73 Connections 26562;
&, Component Contacts 0517525
o Fistures
{3 On Cylindrical Faces-1 (v 1773
-] External Loads 133250
L Pressure-1 (1500 psit) [
..... Mesh % 89.083
" Result Options \‘v
[ Results S
(B s tressl (-vonMises-) 0788
' Displacementd {-Res disp
Lnder Defined  Editinn Aecambly panCS o [7] (3
Note: Study Advisor recommends study B Ry [ e — ey v—
types and outputs to expect. Study # #
Advisor helps the user to define | 1 stugy v | E]] ) sua v
f— i
. @3 | | 2 Bodies and Material i) Bodies and
sensors and creates studies ]| 3 meractons || > material
. 4 Mesh and Run -—{| 3 Interactions
automatically. B | [5 Resuts ol |4 ek ndrean
L esults
| 5. || To help you create the proper e
c select Solidworks Simulation supports
= ?;Iulg\’;;inq' CELIRL E single body parts, multibody
_[f_f 7 |5 | paris, and assemblies.
7 £ Assemblies and multibody parts
& | am concerned about are treated similarly.

Trend Tracker Analysis

N\

excessive deformation or
stresses.

| am concerned about the
effect of load/unload cycles.

I am concerned about

sudden collapse under
compression

I am concerned about
excessive shaking.

I am concerned about
temperatures

Next

Each body in the simulation can
have different physical
properties and can interact with
other bodies in different ways.

In many cases, you can simplify
the simulation by:

Excluding bodies
Treating bodies as rigid
but movable

Treating bodies as rigid
and fixed in space
Taking advantage of
symmetry

o Defining connectors

%xl

Back
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9 Invoke Trend Tracker.
m Right-click Trend Study (-
Simulation_Origin_Design).
B Click Trend Tracker. The Tend Tracker folder is
displayed.

Update All Components
Export...

'I('I§n dTra c.ker
ate Submodeling Study

Delete

Details...

Properties...

Define Function Curves...

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

---@Trend]ournal
ol hass1

o0 Stress1

[ Displacermentl
|~ Result Options

Note: 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.

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.
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11 Add Sensors.

. Wil ] ] Mo I'«!oﬂonstuI - Default
m Click the Model tab at the bottom of the SolidWorks Premiuri 2013 x64 Edition
Graphics area. SERD =
m Right-click the Sensors folder from the (T~ )
Assembly FeatureManager. P o0
m Click Add Sensor. The Sensor 5= —:%:ti
PropertyManager is displayed. S il
m  Select Simulation Data for Sensor type e
B RS |
from the drop-down menu. ——
m  Select NNmmA2(MPa) for Units. ¥ % =
B Sclect Max over Selected Entities for Sensor Type
Criterion. B
m  Right-click Clear Selections in the selection Gt
box as illustrated. ;:"Q“"“"“’—
D Use PSD Value
Properties
Bl [vmm~20p)  —Fp] W
2 [Max aver Seiectea et~ |
ml ] sleazsgmons
De\
Customize Menu
| Factor of Safety ¥
[ alert ¥

®  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.
B Expand the Sensor folder in the Assembly
FeatureManager. View the folders.
12 Return to Trend Study.

m  Click the Trend Study tab at the bottom of
the Graphics area.

&" Stress1(530.556 N/mm*J
&l Displacementl (4.42245 nf

@o Stress2
Design Binder

Wotion Study - Defaul Trend Stu
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13 Add a second Tracked Data Graph.

SolidWorks Simulation

m Right-click the Trend Tracker (Baseline)
folder.

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

m  Select Stress2 for Sensor Type from the

%Mesh

m?.w......,. 1

Manually add iterations
View Gallery

Delete lteration...

Restore Model to Iteratior]

Tracked Data Graph.,

drop-down menu as illustrated. View your
options.

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

14 Perform a Design Change. Modify

¥ 4=

E"'I'.ral:.l-(ea bata ﬁrapil R
l.n_/"’ Stress2 — h’ |

{Mass1
Stressi
Displacement 1

i .
Q_YTrend Study (-Simulation_Origin
- Parts

CH End Cap - 200m STBL}

CH End Cap - 200m STBL}

Wiews Port, Acrlic 150m-

3 Connections

Fixtures

8 On Cylindrical Faces-1(;

External Loads

Mesh

Trend Tracker (-Baseline-)

---@Trend lournal

& Massl

& Stressl

m Displacementl

K Stressd

Result Options

1| i| Results
&’ Stress1 (-vonhizes-)
&l Displacermentl (-Res disp)
&as Straind (-Equivalent-}

Wla s p [ Modgl | Motion Study - Default | 4 Trend Study
the EndCap Part. SolidWorks Premiufi§ 2013 x64 Edition

m  Click the Model tab at the
bottom of the Graphics area. The
Assembly FeatureManager is
displayed.

Trend Tracker Analysis
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®  Expand the first CH End Cap - 300m

STBD from the FeatureManager as % Eg iu:»; :;rctapncr;gco :155011;1:0?;;?8
illustrated. : (3] sensors
m  Right-click CirPattern1. L S
- §= Material <not specified =
m  Click Unsuppress [ 12 | from the Context g -
toolbar. The Housing with the ribbed End %, Planes
caps is displayed in the Graphics area. i,; S FES
15 Return to the Trend Study. % Plane q § @-
m  Click the Trend Study tab as the bottom f*-'*@ L
of the Graphics area. @) cute| DR | Invert Selection
# % () CHER -
= @@ MateGrou Featl..lre (Elrlﬁlafliernl)

16 Run an Analysis.

m  Click Run from the Simulation tab in
the CommandManager. Once the analysis Z
is completed, the plots under the Trend Eﬂ:;;mm
Tracker folder are updated. By Create tesh

B View the Stress1 (-vonMises-) plot. Anplode

[alg]
Compare
Results

Results
Advisor

fTrend Study (-Simulation_Origin
El% Parts

Elﬁ; Connections

= ¥ Fistures

b B On Cylindrical Faces-1 (:
[+ External Loads

..... Mesh

E—JL_/? Trend Tracker {-Iteration 2-)
----@Trend]ournal

o Massl

o Stressl

|2 Displacementl

ol Stress2

|~ Result Options
9--@Results

[ Stressl (-vonMises-)
&l Displacementl {-Res disp|
&E Strainl (-Equivalent-)
[Py Displacement1{1} (-Displ
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17 Examine the total mass of the

Note:

18

Note:

72

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.

The additional weight is
expected to increase the FOS.

m Close the graph.

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

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

m Close the graph.

5 Mass1

SolidWorks Simulation

[#]-L ] External Loads

..... Mesh

r.—’{,f Trend Tracker {-Iteration 2-
:----@TrendJournal

1 (T

1 Stress1

[ Displacementl

|7~ Result Options
I-{[a] Results

|F\Ie Options  Help

Mass1 [kg|

lteration

—— Massl

0.0

File Options Help

Nimm*2 (MPa]|

von Mises

g
8

45000

350.00

lteration

—+— von Mises

0.0
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19 Review the Trend Journal.

®  Double-click the Trend Journal folder. The Trend m\
Journal is displayed. The journal contains all details
about the different iterations that were performed on

the model.

SolidWorks Simulation Professional

= ' Trend Tracker {-Iteration 2-)

g @ Mas
@ Stressi

|2 Displacement1

E Stressz

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.

20 Save and Close the Model.
m Click Save [H]

m Click File, Close from the Menu bar menu.

Trend Journal

File Name: LBV_ASSY
Study name: Trend Sudy
Description:

Baseline

Time Completed: Wednesday, September 26, 2012 8:33:35 AM
Tracked Data:

Actasl Vak Normakized
“
IModel

[s5004 (k) oo
= '100

Dispiacement] (URE ;\ﬂﬁ\uf:] fodel Max

Du‘p]ncen:em]
(Smesz] (VON: von Mises Stness

1442245 (o) oo
Max over Selected (530,556 (N/mm'2 !100
I:mms |@vPa)

Iiteration 2
Time Completed: Wednesday, September 26, 2012 10:02:21 AM
Tracked Data:

“mm

(Model Max
‘Sm:s:l (VIO von Misas Stness ‘Mnd.e]Mn

44;189 (omy) 99

W over Salecred (158 611 (0
,Em,es |MPa))

Displacement] (URES: Resultant |
Du‘p]acemem] [Model Max

‘Sm:sﬂ (WO von Mises Stness

mm2 lsg

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 =
< SolidWorks Simulation Professio... » Thermal » 49 [ Search Thermal 2=}
1 Open the EndCap Part. TE—— ran =- 0 @
. (7 5 D ts lib Arrange by:  Folder ~
m  Click Open from the i ’

Menu bar toolbar.

B Double-click EndCap from
the SeaBotix\SolidWorks
Simulation

/8 Computer

Professional\Thermal folder. & st - 1 ;

Mode: Display States: | Default>_Display St =
Configurations: (Default B o /

Note: Files of type is Part. The EndCap
is displayed in the Graphics area. "

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. Py o detion
m  Enter Thermal-Study 1 for the name of the Study. onvection and radiation
m  Click Thermal | & | for Type. Heme “'

| Thermal-Study 1 4—

Type "
|§ | Static

|@| Frequency

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

Buckling

Thermal

L) (&)

5

Drop Tesk
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Applying the EndCap Material.

Note: A green check mark on the Parts folder indicates that @ Thermal-study 1 (-Defaul-)

76

1

Apply the Material of the EndCap.
m  Click EndCap from Thermal-Study 1
(-Default-).

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

m  Click AISI 1020 from the Steel
folder.

m  Click Apply.

SolidWorks Simulation

QﬂThermaI-Study 1 {-Default-)
0
ﬁ;c ections

'f& Thermal Loads

% Mesh

&SOL!DWGRKS . File Edit View Insert Tools

B o1 BB

Study A :| Thermal Connections Run | Results Defo
Advisor 'fg Loads Advisor Advisor ~= 0]
Malayial Re:

SUl

Features | {'ketch | Evaluate | DimXpert | Office Produd

I Tl i |
% |?FApply Material

| Defines material to selected Items. J

®  Click Close from the Material dialog box.

-

aiidiorks Materials | | Properties | Tables & Curves | Appearance | CrossHatch | Custom | Application Data [ Fl¢ [

- steel |
4= 1023 Carbon Steel Sheet (55)

§E A286 Iron Base Superalloy
$= AISI 1010 Steel, hot rolled bar
#= AISI 1015 Steel, Cold Drawn (35)

i= @
$= AISF1020 Steel, Cold Rolled

-3 AISI 1035 Steel (55)

-3 AISI 1045 Steel, cold drawn

3= AIsI 304

&E AISI 316 Annealed Stainless Steel Bar (5SS
-$= AISI 316 Stainless Steel Sheet (S5)

-#= AISI 321 Annealed Stainless Steel (55)
3= AISI 347 Annealed Stainless Steel (55)

n

Material properties
Materials in the default library can not be edited. You must first copy the material to
§E 201 Annealed Stainless Steel (55) a custom library to editit.

Linear Elastic Isotropic -

Steel
AISI 1020

Max von Mises Stress

-#= Chrome Stainless Steel

Defined
3= AISI 4130 Steel, annealed at 855C
-$= AISI 4130 Steel, normalized at 870C =
3= AISI 4340 Steel, annealed Pmpx.erty Malc s (=
3= AISI 4340 Steel, normalized Eistc s e ELR N2
5 i Poissons Ratio 0.29 NA

3= AISI Type 316L stainless steel e R

§= AISI Type A2 Tool Steel Peaky 7500 gim3

£= Aoy Steel Tensie Strength 420507000 | Nir'2 E

3= Alloy steel (55) Compressive Strength in X N2

3= AsTM A36 Steel Yield Strength 351571000 | Nim'2.
4= Cast Aloy Stee! Thermal Expansion Cosffiient | 1.5e-005 | /K
3= Cast Carbon Steel Thermal Conductivity a7 Wim K} _
-#= CastStainless Steel ::::"::eat ey 20 i‘lf;g-xj -

material is assigned to the part.

_*ﬁ EndCap (-AISI 1020-)
ﬁ; Connections
'fﬂ 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. éeometric Entities ) Reference-Geometry Typé Required Input
Temperature
b S SRS e g A Unit and termperature value
COMPonents P

Film coefficient and bulkc
Convection Faces (2178 termperature in the desired
units

Unit and value of the
surraunding termperature,

Radiation Faces A
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 A Temperature range for optional
studies thermostat for transient

studies

Unit and value of the heat
power. The specified value is
applied to each selected entity
Temperature range for optional
thermostat for transient
studies

Verexes, Edges, Faces, Components,
Heat Power and an optional vertex for thermostat (R17:Y
Incation for transient studies
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Applying a Thermal Load

8 7% & .
1 Apply a Thermal Load. B Corcctors Run) B peformed Gompare

m  Click the Thermal Loads drop-
down arrow from the Simulation

E[% Temperature

1 Office Products | Simulation

Results

g | Convection
.é. .Heat Power<__
g :Heat Fluz
W& | padiation

tab in the CommandManager.

m  Click Heat Power . The Heat

Power PropertyManager is
displayed.
2 Select the Face.

B Zoom in on the inside 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.

g

3 Enter Heat Power.
m  Select Sl from the Units drop-
down menu.
m  Enter 600 watts in the Heat
Power box.

Note: 600 watts is an estimate for the
total amount of power generated
by the camera and the internal

search lights of the assembly.

4 Apply the Values.

Click OK from the Heat
Power PropertyManager. Heat

-R“
.

ScREe
He er Z

wer

« ¥ 42

En
Selected Entities A

Select all exposed
faces

Power-1 is displayed.

(&) Per item
Total
Heat Power A
Bl —pv
}ad Thermal-Study 1 (-Default-) & M—
[P endcap (-a1st 1020-) o
. ﬁ; Eo [Ireverse direction
9'}\3 Thermal Loads @| Edit... Yiew
i c’.Heat Power-1 (:Per itemn: 600 W) :
i % Mesh | Symbol Settings ¥

78
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Applying Convection

1

Note:

Apply Convection.

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

m Click Convection . The
Convection
PropertyManager is displayed.
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.

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>.

Apply the Zoom to Area tool from the
Heads-up View toolbar to select the correct

faces.

Thermal Loads and Boundary Conditions

SolidWorks Simulation Professional

—.g I Convection

8 73 B o {y
Thermal | Connections Run | Results _ .~ I
Loads Advisor Advisor S OTTEd Lompare
- g Results
E%Temperature Office Products | Simulation

}. !Heat Pawer
g | Heat: Flusx

|
© | Radiation

Base-Revilve

0

Convection Coefficient MANmM"2 1)
Bk &mbiert Temp

i

Base-Revilve

u
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Note:

Note:
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Set Units and Value.

m  Select English (IPS) from the Units drop-down

menu.
m  Enter 0.22 in the Convection Coefficient box. v X
®  Enter 50 in the Bulk Ambient Temperature box. Type |[Splt
Selected Entities ~
The inputs simulate seawater conditions at the operating e
depth of 3,400 feet. e
faces
Units ~
AN —
Convection Coefficient ~
(022 e
||§_'| Edi..
Bulk bi Temperature £
E L —MFahrenheit
| Symbol Settings ¥
Apply the Values.
pply bl Thermal-Study 1 (-Default-)
m  Click OK [#] from the * Wncop ot 10209
. - ﬁ; Conneckions
Convection PropertyManager. =88 Thermal Loads
COHVeCtion-l iS dlSplayed éHeat Power-l((:Per item:lr(E;DD W:)) |
. . -1%% Convection-1 (20,22 BTU/{s-in~2F )
Fit the model to the Graphics area. @y e

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.

SolidWorks Simulation

onvection k7

SEEECT
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Creating a Mesh and Run an Analysis

1 Create a Mesh and run an Analysis.
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 value.

®  Check the Standard mesh box.

B Check the Run (solve) the
analysis box.

2 Start the Mesh Process.
Click OK from the Mesh

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

SolidWorks Simulation Professional

o K
Mesh Density A
ﬁ | Run Design Scenariod ﬁ D
By | create Mesh s e
| Run All Studies
_ Mesh Parameters A

——P>© Standard mesh

(") Curvature based mesh

5] PY—

A 0.2745553n  w [
=
[ TTENRERRRERETTTIT]

0.01372777n ¥ |%
LR RRREEETITT

[] Automatic transition

‘ Advanced

£

Options
[ Save settings without
meshing

Etgaun (solve) the analysis

3

B-B-2-9 0858 . 2-c B3

EGSQ“DWORKS I File Edit View Insert Tools Simulaton Window Help Q{B -

Material Result  Results

E Include Image for Report

Q, = % T B & PlotTooks + [ Report
Study A:_ Thermal Connections Run | Results Dbt G
Advisar | PP | gads Advisor Ao CIEC OO

Features | Sketch | Evaluate | DimXpert | Office Products | Srmuratron! & 32
=
@l@@ 5 6 3| Model name: EndCap QAW T-6o- @ B-EBi-
- Study name: Thermal-Studyd
(% | Picttype: Thermal Thermalt —
i}, Origin | Time step: 1 B
64?3 Base-Revolve L] 529326
&y Plane? L
@ Ribs Extrude hd 60478
< I | v | 571630
(T~ )
T . 542782
@l Thermal-Studyl (-Default-)
B EndiCap (-AISI 1020-) L 513.934
7% Connections -:—J
485.086
=88 Thermal Loads - [
éHeat Power-1 (:Per itermn: f 456.235
L3 Convection-1 (:0.22 BTU/|
% Mesh 427.300
=] Results | 388.542
4 N hermall (-Temperaturg
. 360634
340,546
z 311.998
263150
Ja [« [+ 01 _Model | Mofion Study 1 SimulafionXpress_Sfudy | § Thermal-Study1 [
SolidWorks Premium 2013 x64 Edition Editing Part Custom = E
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3

4

Note:
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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.

® Right-click Thermal1 (-Temperature-).

m  Click Edit definition. The Thermal Plot
PropertyManager is displayed.

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.

SolidWorks Simulation

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

QﬂThermaI-Study 1 {-Default-}
[P Endcap (-a151 1020-)
ﬁ; Connections
1= ?E Thermal Loads
5 & Heat Power-1 {:Per item: 600 Wi}
- ﬁ Convection-1 0,22 BTUf{s-in"2F 1)
% Mesh
1= EH Results
8 irherd

Hide

dit Definition. ..

D Bimate. ..

% Section Clipping. ..

X 42

Display ]

E i TEMP: Temperature b i

E| | Fahrenheit f'};

|;\_dv_a Fahrenheit
| Celsius

| Property ¥ !

Note that the
maximum
temperature is
approximately
673°F.

Temp (Fahrenheit)
E73AM7
2119

. 069.264

. 917338

. 465412

. 413.485
I 361.558
| 300832

L 257706

. 205778
1593853

101 926

50.000

Thermal Loads and Boundary Conditions



SolidWorks Simulation

Applying the Probe tool

1 Apply the Probe tool.

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

m  Click Probe . The Probe
PropertyManager is displayed.
The Probe tool provides the
ability to list the temperature at
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.
2 View and close the Probe Plot.

m  Click Plot . The Probe Result window appears
with a graph of temperatures at the selected vertices
versus node numbers at the vertices. View the plot.

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.

Thermal Loads and Boundary Conditions

SolidWorks Simulation Professional

Compare @3 Section Clipping
Results @ﬂ IsoCIlpplng

]S1mma / Probe
g List Selected

ftucy 1
friaill

] [@3 Plat T_ools ‘?@

@ Save As

B> | Animate

[MeJiode 835A 1.0 192 0 503 0 594 in
Mode 3355 (-0193,0 7710 554 in)
—
= fhlode 9367 (-0.122,0.901 0613 in)|
-

= 435.261 Fahrenheit

Options
(&) At location

»

() 0n selected entities

Results #

Mode |Value {Fahrenheit) ¥ {in

9435 603,362 129¢
9354 569,687 129¢
9353 577.074 1931
9360 538,401 1931
9359 500,186 1931

< | i
Repart Options A
e

Annotations [PIot A

Show Nade/Element.
Mumber

[¥]5how ¥,¥,Z Location
Show Yalue
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Modify the Design

84

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.

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.

SolidWorks Simulation

Without Ribs

With Ribs

Modify the Design



SolidWorks Simulation SolidWorks Simulation Professional

Create the Second Analysis ﬁl
1 Create Thermal-Study 2. i
] nght_chck the Delete Al Simulaton Studies
ThermaI_Study 1 tab Create New I\"!otion .Study
Create Mew Simulation Study
at the bOttom Of the Create New Design Study
Stu

Graphics area as

llustrated. oo S

m  Click Duplicate. The = ——
Thermal-Study 2 {-Default-) 3
Define Study Name [ Endcap (-a1s1 1020-) Themal-Study 2
dlalOg box is T2 Connections -
: = %8 Thermal Loads Configuration to use:

dlSplayed. i .c’.Heat Power-1 (:Per item: 600 W: [Default v]

m Enter ThermaI-Study 51 Convection-1 (:0.22 BTUf(5-in"2|
Mesh
2 for new Study i %Resmts
= 1§ ] [ Cancel ] [ Help ]
name. [l Thermall (-Temperature-)

B Click OK from the ——— T T
Define Study Name dialog box. Thermal- SolidWorks Premidth 2013 464 Edition
Study 2 is displayed.
2 Add Ribs to the EndCap Part.
®  Click the Model tab at the bottom of the

% EndCap {Default<<Default=_Dis

Graphics area. . |:§| Sensors
m  Right-click CirPattern1 from the @ gl_:l e
= Matertial <noft speciried>
FeatureManager. %y Planet
. = & Plane
m  Click Unsuppress from the Context N .
‘Foolbar. The EndCap with Ribs is displayed @ i:g T
in the Graphics area. S E L @-
3 Return to Thermal-Study 2. E - [Unsuppress} ot
m  Click the Thermal-Study 2 tab at the bottom wl@ «
of the Graphics area. %:: ;::;:;ncth"dm

4 Thermabstudy 1 [ & [ThermaI—Slugz
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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.

S

olidWorks Simulation

[T~
Qﬂ A Thermal-Study 2 (-Default-)
[P endcap (-A151 1020-)
ﬁ; Connections
= 'fﬂ Thermal Loads
. & Heat Power-1 :Per item: |
¥ Convection-1 (:0.22 BT
% /W Mesh
[+ El N Results

E Run

=4
1 e
Kpert | Office Products | Simulation

Results c b @
Advisor it
Results

. .. . . o
Note: The addition of the ribs resulted in a temperature range between 50 and 329 °F.
‘%SOUDWORKS '} Fle Edit View Insert Tools Simulation Window Help (& | O-F-EH- % - -Jf,, ¥ - — B 32
= Y| 3 B WA PiotTools + [ Report
tud = Thermal Connections Run | Results _
raval Apply Eile Al A Deformed Compare w Incude Image for Repart
Material Result  Resuis
| Fealures | Skeich \ Evaluate _!“.D\mXpen | Office Products | Simulation ] =
Moidel name: EndCap A WE F-éo-@ B-BE-
Study name: Thermal-Study 2
oL Plot type: Thermal Thermall Temp (Fahrenheit) 5
I_, Qrigin ~|  Time step: 1 I'_
- 6;'«3 Base-Revolve 329.599 i@_
iy Planel 306.299 [
= Ribs Bxtrude H (=
| B . za2.899 |
(E3
e . 259.693 \!
@ Thermal-Study 2 {-Default-) [g_
B Endcap (-A1511020-) . 236.309 =
3 Connections : w309 ==
gThermaILoads 4
é Heat Powver-1 (Per itern: ¢ L 189.799
i1 Convection-1(0.22 ETU/
ak . 166.493
% hesh
[ Results L 143193
& " iTher mall (-Temperature
. 119.800
96.600
73.300
I 50000
¥
W4 »#[_Model | Mofion Study 1 SimulationXpress_Study [ § Thermal-Studyl | § Thermal-Study 2 |
SolidWorks Premium 2013 x64 Edition Editing Part Custom = 7]
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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.

m  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 results. The two
Studies are displayed.

Modify the Design

SolidWorks Simulation Professional

m Plot Tools - w Report
@ Include Image for Report

Compare Results
Compares mulkiple results side-by-side.

)

Compare Results

@ R

Options

A

wigw

Compare selected result
/vé) across studies
o) Wiews multiple resulks of
current study

Manually select results ko
O ¥

= Studies

Thermal-Study 1
Thermal-Study 2

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

25 SOLIDWORKS |j Fie Edt View Insert Tools Smuation Window Heb 9[- (3 -~ -

(-] 8 (5 E -z [@scadisid P+ R - o B K

=z 3 7 B & U PlotTools ~ [ Report

Thermal Connections Run | Results E Indude Image for Report

Loads  Advisor Advisor Deformed  Compare

sucy |y,
ADVISOT | 1 teril Resut  Results

Features | Sketch | Evaluate | DimXpert
sElRee -]
(r

-1, Origin -
()6 Base-Revolve
& Plane7 A
18 Ribs Extrude s
% CirPatternl -
< m 13
T~
(a8 A Thermal-Studyl (-Default-)
[ EndCap (-A151 1020-)
T3 Connections X
%8 Thermal Loads 3

Office Products J

AU W E @ oo @

Wodel name: EndCap

Compare Results

Exit Compare

&

&

Er~

= B R
Temp (Fafrenheit)
320,599 (W
| =
| 280999 |
. 259693 |
_ 236398 il
| 213008 =
| 1ga7oa !D
| 166499 |23
| 143199 1
_ 119500 &
26,500 (=]

73.300
50.000

& Heat Power-1 (Per itern: (]
S5 Convection-1(:0.22 BTU/
B /A Mesh
o] A Results

Model name: EndCap
Study name: Thermeal-Study 2
Pt type: Thermal Thermall
Titne step: 4

=

Temp (Fahrenheit)

329599
308299
. 262933
. 259689
| 236388
L 213083
| 189793
| 166499
L 143193
L 119800
96,600
l 73.300
50.000

SimulationXpress_Sfu

i Thermal-Studyl [&_ Thermal-Siudy 2

W1+ 13 [ Model | Mofion Study 1
SolidWorks Premium 2013 »64 Edition

Editing Part Custom = [7]

7 Return to Study 2.
m  Click the Exit Compare button. View Thermal-
Study 1.
8 Save and Close the Model.

m  Click Save .

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

Note: 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.

88

Windgw | Help (& |:| -
Wigwport L4
EE e Window
Cascade
E Tile Horizontally
O3 | Tile vertically

Arrange Icons

__> Close all
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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 AL i a;:g;j%ﬁ-:
occurring. You will use maximum stresses to AL

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

1 Open the Housing Assembly.

m  Click Open from the
Menu bar toolbar.

B Double-click the
Housing_Assy assembly
from the
SeaBotix\SolidWorks
Simulation
Professional\Drop Test
folder. The Housing is
displayed in the Graphics
area.

2 Create a Drop Test Study.
m  Click the Study Advisor Sﬁ\, Dzﬁn
Ad

drop-down arrow from the | Sy
Simulation tab in the Study Advisor ketch | Evaluate | Office Products | Simulation
CommandManager. @, | e study €— =l
m  Click New Study . The S e
Study PropertyManager is d
displayed. bl
Hessay A
®  Enter Droptest Study 1 for e ———
velacity and acceleration time
Study Name‘ giﬂs:]:zr:ritgs inan objectzrop‘::led ontoa
m  Click the Drop Test Hame A
I} Droptest Study1
button for Type.
. Type A
3 Display the Study. @) s
Click OK[#] from the Study @] s
PropertyManager. Droptest Study (@] g
1 (-Default-) is displayed. (@] e
Drop Test
Q_'ﬁ%it:rsttsstudy 1 {-Default-) |§| Fome
|:_. T2 Connections |%| R
+ &Component Contacts |Q| Linear Dynamic
g:::p |@| Pressure Vessel Design
€5 Result Options Submodeling

920 Drop Test Analysis
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4 Setup 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 FeatureManager from the
Graphics area.

Expand the second CH EndCap
component as illustrated

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

SolidWorks Simulation Professional

ﬁDroptest Study 1 {-Default-)
.+‘ % Parts
= ﬁ; Connections
(7} & Component Conkacks
% Mesh
1 —
g pefnefdt.

Details...

@ Housing_fssy (Default
Sensors

FHA] Annotations

&

1w 3 2 Front Plane
) =& Top Plane
| Specify A 3 Right Plane
——’0 Drop height i Origin

() Velocity at impact

B () View Port, Benic
- (-3 CH End Cap - 300

fcioht P () CHEnd Cap - 300
@ From centraid E]—Eiﬁ;l hates in Housin
(") From lowest point 4%‘ Sensors
BHAT Annatations
= stz
8 Planel
ﬁ Plane?
—h Oriy\ﬁ
E]‘Si"t' Base-ReNolve
S Planer
ek % D‘@ Ribs Extrude
Target Orientation P CirPatternl
2 ;i EH@] Cut-Extrudel
_—’?‘ Normal to gravity : S0 mates
() Parallel to ref. plane i
s ]
v 0

e

Target Stiffness

— —}-a} Rigid target

() Flexible target

(ontact-Damping

»

J“‘[n, 0

Symbeol Settings

¥ |

PropertyManager. Setup is displayed with a check

mark.

Drop Test Analysis

<$ Droptest Study 1 {-Default-)
[+ % Parts
= ﬁ; Connections
(=] & Component Conkacks
% Mesh
? Setup

@ Result Options
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2

o

Meshing the Model
&

1 Mesh the model. Run | Resuits
m  Click the Run drop-down arrow menu from the e
Simulation tab in the CommandManager

(S

Run

Create Mesh
m Click Create Mesh . The Mesh 1 Run All Studies

PropertyManager is displayed. _
B Check the Standard mesh box as illustrated. [ M—l
m  Expand the Advanced dialog box. S —
®  Check the Draft Quality Mesh box.

« R

» |

i.Mesh Density

Note: A coarse Mesh Factor will result in a faster mesh B J
time. Actual results will vary depending on Mesh e i
' 1 CepEnding
Factor.
_ R A
2 Start the Mesh and Analysis Process. — @ standerd mesh
® Click OK |+ | from the Mesh PropertyManager. Cinsusten e
Meshing starts and the Mesh Progress window Bl [om )
appears. After meshing is completed, a M | 1ser2ein S

checkmark is displayed next to the Mesh folder.

A | 0.s74aezeznr v 2
WL e |

|:| Autamatic transition

|»

_.Advanced

Draft Quality Mesh
[ automatic trials for solid

Remesh failed parts with
incompatible mesh

« |

| Options

$ Droptest Study 1 {-Default-)
1+ % Parts
(=] ﬁ; Connections
[+ & Component Contacks
% Mesh
? Setup

@ Resulk Options

92 Drop Test Analysis



SolidWorks Simulation

Running the Analysis
1 Run the Analysis.

m Click Run[&]

B Click No in the Linear Analysis dialog
box to retain your element choice. The
analysis runs and the default plots are

created.

Note: Run time will take approximately 15 - 30

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

bE
Compare w Report
Results

Run | Results
Advisor

| Evaluate | Office Products | Simulation r

Linear Analysis

- N Default lower-order tetrahedron may not give accurate results
&Y' Do you wantto switch the element type from
~ default to enhanced tetrshedron?

Yes Tg

$Droptest Study 1 {-Default-)
E! % Parts
= ﬁ; Connections
(£ & Component Conkacks
g’ Setup
@Result Options
% Mesh
R SResults
t@ ¥ fotress1 (-vonMises-)|
: w Displacement] {-Res disp-)
& he Strainl {-Equivalent-)

Model name: Housing_Assy
Study name: Droptest Study1
Plat type: Stresst

Deformation scale: 1

Plot step: 25 time : 243.001 Microseconds

von Mizes (Mimm*2 (MPa))

251003

I 2300914

L 2091813

. 1g82T4
. 1 E73614
1,464 514
1,235.414

1046314

. B34

. B25.114

419.014

209914

0514
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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

$ Droptest Study 1 {-Default-)
1+ % Parts
(=] ﬁ; Connections
[+ & Component Contacks
% Mesh
? Setup

@Result Options
= u Results
@ = IRessl -vonMises-
ﬁl Displacement] {-Res disp-)
&F Strainl {-Equivalent-)

$ Droptest Study 1 {-Default-)
(ol % Parts
= ﬁ; Connections
(e & Caomponent Conkacks
% Mesh
g Setup
@ Result Options
[ [[] Results
=
&l Disy Hide:
B S e Defintion.. |

D _ ate. ..

SIEAE |

| Display "

[ Advanced options
[ Plot Step Al
=@ |
% 243.009 2 microsec
(I .

'_:i- Deformed Shape

" Property

« ¥ 42

& [VON: von Mises Stress -

[z

(@), Automatic
ﬁ 22.32212257

() True scale

(") User defined

o

«

Running the Analysis



SolidWorks Simulation SolidWorks Simulation Professional

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.

Qa ot Tods
@3 | Section Clipping
@I | Iso Clipping

{ / | Probe

| _g | List Selected
ﬁ Save As
B

| Animate

m  [fneeded, click Play El to start the animation.
View the animation in the Graphics area.

Message A
Creation of Frames Completed

m  Click Stop El to stop the animation. Pl Anmston. .

(n] (=

Options A

fm |t 9.72072|microsec

ms |5 243.009 microsec
&= 0

@) -
bnﬂ 10 o

| save as Avifile v

won Mizes (Mimm*2 (MPa))
2510013
2,300.914
L 2091813
. 1gE2T4
. 1 E73614
| 1464514
1,255.414
1,046.314
. B3IT.24
. B25.114
419014
209914

0514

m  Click OK from the Animation PropertyManager.
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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 Study1

Plat type:  Dizplacement1

Plot stepr 25 time : 243.001 Microseconds
Deformation scale: 1

URES (mm)
1.149
1.055
0.962
0.869

0.776

0683
0.590
0.497
0.403

0310
0.217
0124

0.03

3 Create the Time History Graph.

$Droptest Study 1 {-Default-)

m  Right-click the Results folder. o Gears
m  Click Define Time History Plot. The D’{%ggz::;;nt Contats
Time History Graph PropertyManager is j g Mesh
. S Sety
dlsplayed- @ ResuTt Options -ij
E[SResults )
N Solver Messages. ..

i i w Define Stress Plat, ..
w Define Displacement Plat.
he Define Strain Plat. ..

[ Define Time Histary Plat..
[—hs
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m  Click Node 1 as illustrated.

SolidWorks Simulation Professional

m  Select Time for X-Axis from the drop-down menu. @ l % .e :
m Sclect Translational Acceleration for Y-axis from s
the drop-down menu. =
m  Seclect g for Units from the drop-down menu. Fradefined lsations
@ All nodes

4 View the Time History

Graph.

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

B 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

EI Microseconds

' amis

Tranglational AccefE
& ARES: Resultant Ao +

!

X-Axis Range (Time) ]
@ Full

() Defined
~a
=1 |

L]

£5% Time History Graph

File Options Help

Time History Graph

3.00:04

2.00:04

ARES (g]

1.00+04:

0.00+00:
972 5638 10303 14969 19634 24300 28966

Time (microsec)

—+— Node 1

0.0
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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

Optimization Analysis 99
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Creating an Optimization Analysis
1 Open the Part.

100

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.

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.

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.

SolidWorks Simulation

<< SoldWorks Simulation Pofessional » Optimizstion ». 49 | Search Optimizati »
‘ = 0 @
Armangeby: Folder

Documents library
Optimisto

< [<Add ib> DisplayS +

lename. EndCap - [P z)

o o)

T Model [ Totion Study1 [ s&g‘l
SolidWorks Premium 2013 x04 Edition
Gk
Lt A, Study 1 (-Add Rib-)
[P EndCap (-[SWIALST 1020

3 Connections

g:\gFixtures

?Ee Restraint-3
;| External Loads

------ LU Pressure-1 (1500 psiz)

@’( Displacementl {-Res disp

[F= & -
s Run | Results COE&I’E
- '> it Results
[office Products | Simulation
s

" Study 1 (-2dd Rib-)

B EndCap (-[SW]ALST 1020
-T2 Connections

g:\g Fixtures

?23 Restraint-3

-3 External Loads

L Pressure-1 (1500 psiz)
ook Force-1(:Per itern: 54182 |
% Mesh

|~ Result Options

QI Results]

IR oot Coonhises )

ﬁl Displacementl {-Res disp

Optimization Analysis
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SolidWorks Simulation Professional

Model name: EndCap

Study name: Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 128716

~

; 3.400+004

D

won Mises (psi)
3.400e+004
3.119e+004
| 2.837e+004

_ 2.555e+004

— Yield strength: 5.099e+004

2.274e+004

1.992e+004

1.710e+004

1.429e+004

1.147e+004

§.654e+003

5.837e+003

3.020e+003

2.033e+002

4 Create an Optimization Study.

®  Right-click on the Study 1 tab at the bottom
of the Graphics area.
Click Create New Design Study. The
Design Study 1 tab is displayed along with
the Design Study dialog box.

Optimization Analysis

Duplicate
Rename

Delete

Create New Motion Study
Create New Simulation Study

jon Stu
i Edlition

CreaE MNew Design Study
FEe 1

?_»‘? Design Study 1
Run Optimization

[=] Variables

Variable View | Table View | Results View | @ LJ} H

[ Click here to add Variables

[=] Constraints

[ Click here to add Constraints

M|

= Goals

[ Click here to add Goals

|

SolidWorks Premiurm 2013 x64 Edition
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Note: You can also click Simulation, —
Design Study from the Menu Varisble view | Tabletiew | Resubsviw | B S E 2
bar menu [#] ooptimization

1= Wariahles

5 Select the First Design
Variable (EndCap Thickness)
for the Optimization Study.
® Click Add Parameters

from the Variables drop- o T R T
dOWIl menu. The Parameters EndCap Thickness Model Dimension - | 0.15 in E
dialog box is displayed. Model Dimension =l © L=l

6 Enter the Name.

B Click inside the
Name box.

m  Enter EndCap
Thickness for
name.

7 Enter EndCap Lip
thickness.

m  Click the drop-
down arrow from
the Model
Dimension
Category.

B Select Model
Dimension from
the Category
column.

m  Click inside the
Value column box.

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

m  Click the .150
EndCap Lip thickness dimension as illustrated. The selected dimension is
displayed in the Value column. Units are displayed in the Units box.
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m  Click Apply. The

information is

added to the

Parameters dialog

box.

Select the Second
Design Variable.
Enter the Name.

SolidWorks Simulation Professional

@Palameters-.--—---—_-o ‘LZ
Name Category Value Units Comment Linked|

EndCap Thickness Model Dimension LJ0.15 fin j *

Model Dimension ~[o =
References
Model Dimesion: DB@Sketch2@EndCap.Part Select the model dimension that you
i would like to link to this parameter.

ok | [ Canl | [_[}:my ] [ heb ]

Click inside the
Name box.
Enter Rib
Thickness for
name.

10 Enter Rib Thickness.

Click the drop-
down arrow from
the Model
Dimension
Category.

Select Model
Dimension from
the Category
column.

Click inside the

Value column box.

Click the .150
EndCap Rip
thickness
dimension as
illustrated.
Click Apply.
Click OK.

Optimization Analysis

o,

Dl@sketch3
Epamm-.----_——-.-. QQ’E-‘
Hame Category Value Units Comment Linked|
EndCap Thickness Model Dimension «|[0.15 in - =
Rib Thickness Model Dimension MBS in = =
Madel Dimension |0 =
References
Model Dimesion: D1@sketch3@EndCap. Part Select the model dimension that you
would like to link to this parameter.
~—P o ] [ | (G ] [ e
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11 Expand the Variables cell in the Design Study.
m  Click the drop-down arrow in the Variables cell. View the results.

ariahle Wiew | Table view | ng @ i.% H
[#] Cptimization Total active scenarios: 9
1=l Wariahles 5
EndCapThickness | Range wih step v| Mirn: |0.075i0 : Max: 0.225n c Step: (00750
RibThickness Range wih step v| Mirn: 0,07 5in : Mz 0.225in 3 Step: |0.0735i0
Click hete to 2dd Variables
| = Constraints
| Click here to add Constraints v|
1= Goals
| Click here to add Goals v 3
< >
12 Set the ranges for the variables in the Design
Study.
m  Sclect Range from the drop-down menu for SR |
. EndCapThickness | Range b
Endc apThl Ckness : |RibThickness : Rance
m  Select Range from the drop-down menu for |Gl here to ad
. . Dizcrete Values
RibThickness. Do Range
m  Enter the illustrated numbers for the
EndCapThickness (Min: & Max:) range and
the RibThickness (Min: & Max:) range.
[= arehes
T - 3
!EndCapThickness | Range v| Mir: _D.DSin - RS _D.2in -
iRibThickness Range v| Min: |0.05in > Maz: |0.2in \ B
| Click here to add Variables v| N

13 Set a Constraint (Sensor to monitor) the study.

. . = Wariahles
m  Click Add Sensor from the Constraint drop- [EndCapThickness | Range 4
down menu. The Sensor PropertyManager is [rioThickness | Range v
displayed | Cifck heve to add lrariables v|

I=l Constraints

S Goald
| Ciick here to add Goals ]
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Select Simulation Data for Sensor Type.
Select Stress for Results.
Select psi for Units.

14 Set the conditions

for the Constraint.

| | Select IS |ess C.I’Jc.ff here to add Consfremfs __ﬁ
than for Stress.

m  Enter 60000 for
Max condition.
15 Set a Goal (Sensor to monitor) the study.
® Click Add Sensor from the Goals drop-down
menu. The Sensor PropertyManager is
displayed. Accept the default Sensor Type:
Mass Properties.

m  Click OK from the Sensor
PropertyManager.

Optimization Analysis

A =g (N B
. = h '
W%X E=!
Click OK from the Sensor PropertyManager.
ﬂ oK (iTvPe
Value : Data not available
Data Quantity
ENF——— —
|:| Use PSD Value
Pmperhﬁ
| alert ¥
1= Conztrairts
Stress1 _Max; !_SDD_DD i : St_uc_!y1_ W
Iz Conztrairts
Stressi Iz les= than b
Clich here to add Constraints b

= Goals

sz (@lee |
” -

Sl_%iﬂr Type
l.n_/"’ | Mass Properties

Properties £

l,n_/\" I Mass

|

Yalue : 1.91677819 kg

| O alert ¥ |
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16 Set the condition for the Goal.

m  Select Minimize.

17 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.

SolidWorks Simulation

= Goals

Mazz1

=
| hinimize

Clich here to add

Maximize

| Study 1 | T Design Stulis exactly
Variable Yiew | Table Yiew | | @
Ryn | [#] optimization
EndCapThickness _Range v| Min: _U.USln
RibThickness Range v] Mir: |0.05in
Click heve to add Variables vl
(= Constraints
Str_ess1 . i Iz less t_h_an v| Mz _EUUUU pai
Click here to add Constraints vl
[=l Goals
|Mass1 hiinimize v|
=

&SDLIDWORKS | File Edt View Insert Tools Simuaion Toobax Window Hep QID - -2 -| 5.2 8%

Study
Advisor

Features [ Sketeh [ Evaluate | Dimxpert [ Office Products | Simulation | 8 @

SERE® -
€ A

8 EndCap (Add Rib<<Add Rib>_Di
@ Sensors

{A] Annotations
8= mis11020
% Planel
& Plane2

%y Plane3
..}, Origin

-6f Base-Revolve
&y Plane?

{[§} Ribs Extrude
- CirPatternl
& Cut-Extrudel
1A split Linel

F] Filletl

4|

I | r

3

LB E-T-oo- @ B-E-

[ o - 2

el U] & [Ea ]

Current Initial Optimal Iteration 1 Heration 2 Iteration 3 I
EndCap Thickness U 0.11715in 0.15in 0.11715in 0.2in 0.05in 0.2in 0.0
Rlb Thickness U 0.05832in 0.15in 0.05832in 0.2in 0.2in 0.05in 0.0
Stress1 < 60000 psi 57985 psi 34004 psi 57985 psi 31148 psi 1.4639e+005 psi | 56521 psi 1.4
Mass1 Minimize 168773 kg [191678kg | 168773 kg |2.16059kg | 1.61705kg 198096 kg (1.4
< m »

I W« T»Twl] _Model [ Motion Study 1 Study 1 | Tor Design Study 1
SolidWorks Premium 2013 x64 Edition Editing Part Custom -~ [7]

B2 Design Study 1
[l Results and Graphs

Variable View ‘ Table View | Results View ‘ @ E

11 of 11 scenarios ran successfully. Design Study Quality: High
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18

Note:

Interact with the Results.

m  Click in the Initial
Column.

B Click in the Optimal
Column. Compare the
two columns.

You can look at any of the
individual designs by
dragging the EndCap
Thickness or Rib
Thickness slider.

19 View the Trend Results.
®  Right-click the Results and Graphs

folder.

SolidWorks Simulation Professional

Variable View | Table View | Results View | IEI @ Lii} H
11 of 11 scenarios ran successfully, Design Study Quality: High

Current
. ] .
EndCap Thickness 2 0.15in
Rlb Thickness n 0.15in
Stress1 < G0000 psi 34004 psi
Mass1 Minimize 191678 kg ||
Variable View Table View Results View | IEI @ =

11 of 11 scenarios ran successfully. Design Study Quality: High

Current Initial
EndCap Thickness D 0.11715in 0.15in
Rlb Thickness ﬂ 0.05832in 0.15in
Stress1 = 60000 psi 57985 psi 34004 psi
Mass1 Minimize 1.68773 kg | 1.91678 kg
EndCapThickness [:é
RibThickness J
Stress] = GO000 psi

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.

Optimization Analysis

B Design Study 1

Purge Resulks

K

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

Customize Menu

o R
| Design variables (X-Axis) ~
IEndCap Thickness - l

Y-Axis A
_ Objective

I&“&Consh’aint

[stress1 -

[ Normalized to initial value

® |

[Local trend at

Initial o
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20 Close the Graph1 dialog box.
m Click Close.

21 Save and Close the Model.
m Click Save [E]

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

SolidWorks Simulation

% Graphl

File Options Help

Local Trend: Design Study 1 Initial

TS S VUL JUR NN SN S
1.20+05

Stress1 (psi|
%

BO0GAL b

2.00+04
0.05 0.08 011 014 017 020 022

EndCap Thickness {in}

—&— Stress] (psi)

0.226661, 164667

%sauawo,qxs |j Fie Edt Vew Inset Tooks Smuaton Toobox Window relp QID - -2 . ) v' e P [E 5T

Study
Advisor

Fealures | Skeich | Evaluate [ DimXperi | Offics Products | Simulation [

CHE-P-oo-@B-E- 0 E=e %

lERe® £
A

% EndCap (Add Rib<<Add Rib>_Di
[&] Sensors

Annotations

4= As11020

¥ Planel

3 Plane2

£ Plane2

-3, Origin

6t Base-Revolve

%y Plane?

[} Ribs Extrude

) CirPatternl

=] Cut-Extrudel

A spit Linel

& Filletl

1 —"— »

PN

=N

B Design Study 1
(I Results and Graphs

| varsbleview | Tableview | resutsven | ] U8 E¥ Il
11 of 11 scenarios ran successfully. Design Study Quality: High

o Stress1

: E Current Initial Iteration 1 Iteration 2 Iteration 3 I
EndCap Thickness 5 0.11715in 0.15in i 0.2in 0.08in 0.2in 0. 0!
Rlb Thickness 0 0.05832in 0.15in 0.2in 0.2in 0.05in 0, 0!
Stress = 60000 psi 57985 psi 34004 psi 31149 psi 1.4639e+005 psi | 58521 psi 1 4'!
Mass1 Minimize 188773 kg | 191678 kg 216059 kg | 161705 kg 19809 kg (1 4!
< .

SolidWorks Premium 2013 x64 Edition

Editing Part Custom « [3]
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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.

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 109
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Creating a Fatigue Analysis

KO |« Slidrks Smuaton Profesionsl » Fatigue » [ p
1 Open the Part. e Pt ge
Fa Documents library
m  Click Open from the Menu bar
toolbar. -

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

2 Create a Static Analysis Study.

m  Click the Study Advisor drop-down arrow from the _Sg e
. . . y esign
Simulation tab in the CommandManager. Advisor | Study
®  Click New Study . The Study PropertyManager is Q;%Study Advisor
displayed. | @, | tew Studyg—
m Enter Static-Study 1 for
name. B
m Click Static [%] for Type. R
. . E TSR (5. Al Annuiatons
3 Display Static-Study 1. — - 3= Msterial <not specified>
LU %3 Front Plane
1 .45, Top Plane
m  Click OK|¢ | from the Study v R = B il
PropertyManager. A Al | -5 origin
mS_t"L-uiy"s-tresses .aisﬁi;acemeﬁgs 1 g @ pudet
. . strains and Factor of safety o ie-{[@) Cut-Extrudel
Note: The Statlc-Study 1 tab 1S components with linear material ]
displayed in the bottom corner of e Al =~
the Graphics area. [ Static-study 1] | [ st sway 2 coefou)
s @3“!’19&!’]3\!\1’
Type al | T comecters
|_~§| Skatic -] External Loads
% Mesh
|equencv |~ Result Options
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Applying Material
1 Apply Material.

m  Click Apply Material from the

Simulation tab in the

CommandManager. The Material

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

Click Apply.

Note:
the parts.

= 5052-H36

= 5052-H38

= 5052-H38, Rod (55)
= 5052-0

5052-0, Red (S5)
5086-H32, Rod (53)
51540, Rod (S5)
= 5454-H111

= 5454-H112

= 5454-H32

= 5454H34

5454-0

= 6061 Alloy

= 6061-0 (35)

= B051-T4 (SS)

= 606
= 6053-0, Extruded Rod (S5)
= 60531

8063-Ts, Rod (S5)
5063-T83

= 7050-T73510

= 7050-T7451

= 7050-T7651

= 7075-0 (55)

3= 7075-T6 (M)

8= 7075-T6, Plate (55)

m

L]

SolidWorks Simulation Professional

&SOL}DWGRKS . File Edit View Insert T]|

Q

Study Aifiy

Advisor Material

o 18

Fixtures External Connections Run
Advisor

Advisor Loads...

i1 W

Features | S'etch | Evaluate | DimXpert | Office

i

=

% l—”'—?APPU Material

1

. Defines material to selected ltems. J

Click Close. Material is applied to the part.

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

b —

Properties | Tables & Curves | Appearance I CrossHatch | Custom | Application Data I HEAE?

Material properties
Materials in the default library can not be edited. You must first copy the material to

a custom library to edit it.

[Linear Elastic Isotropic

-

(s -Nim2 (pa)

i

Aluminium Alloys
6061-T6 (55)

Max von Mises Stress

Defined
Property Value Units. -
Elastic modulus 6.9000000672+010 | NIm'2 F
Poisson’s ratio 0.33 A
Shear modulus 2.600000013e+010 | Nim"2
Mass density 2700 ko/m*3
Tensile strength 310000002.1 Nim"2 £
Compressive Strength in X N/m"2
*iekd strength 275000000.8 Nim'2
Thermal coefficient | 2.4e-005 K
Thermal 166.9 Wi(m-K) L
Specific heat 896 dkg-K)
Material Namninn Astin A AL

Config...

Fatigue Analysis

T~

T2 Connections

g:\g Fixtures

(] External Loads

% kesh

|~ Result Options

f* Static Study 1 {-Default-)
@3 Finger Jaw (-6061-T6 (551
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Adding a Fixture

112

1 Add a Fixture.

m  Click the Fixtures Advisor drop-down arrow
from the Simulation tab in the CommandManager
® Click Fixed Hinge. The Fixture PropertyManager

is displayed.

2 Select the Cylindrical Face to be

Fixed.

m 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.

——» Fixed Hing=

SolidWorks Simulation

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

g:\skixtures Advisor

Fixed Geometry
| Rollerjslider

Elastic Support

Advanced Fixtures

standard (Fixed Hinge) %

|§| Fixed Geometry

|£ | RollerSlider

i~
" Static Study 1 {-Default-)

@3 Finger Jaw (-6061-T6 (55)-)
7% Connections
Fixtures

{£| External Loads

% hesh

@ Fixed Hinge

® |

|

«

I Advanced

I Symbol Settings

«

Fatigue Analysis
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3 Add a Second Fixture.

m  Click the Fixtures Advisor drop-down arrow from o | i 9T
the Simulation tab in the CommandManager. R e
m  Click Advance Fixtures. The Fixture e nvsor |
PropertyManager is displayed. Perform a radial Fixed Geometry
support on the right-hand face. :;'rd”:i"::;
Elastic Suppart
—— P | advanced Fixtures

4 Select the inside Cylindrical
Face.
®  Click the On Cylindrical \

Faces | © | box. NG
B Rotate the model to view the
side cylindrical face as

illustrated.

m  Click the inside face of the - @
slot as illustrated. Face<1> is \ A
displayed. ."‘\‘

5 Select Units and Displacement
Components.
m  Sclect inch from the Units
drop-down menu.

i ial | — wxww-
m  Click the Radial [ | box. SEERe >
(T

On Cylindrical Faces: l

6 Apply the Second Fixture.
. . {% 3 Finger Jaw (Default<<Default T A
m  Click OK from the Fixture [ Sensors [(®] oraser symmery
[ ll‘ Annotations [ | Use Reference Geametry
Propert}./Manager. On ..8= Material <not specified> ‘@l
Cylindrical Faces-1is | . %) Front Plane (D) onFatraces
dlSplayed % ;?gi::l::e @%::ndrica\ Faces
----- L Origin ‘il On Skerical Faces
-8 Extrudel @ [ Faces<t>

+ Cut-Extrudel

) iF T ¥
T~ |
2 Static Study 1 (-Default-) ilensiations &=
@3 Finger Jaw (-6061-T6 (55)-) E' o P
ﬁ; Connections = o -
g:\gFixtures =
@ Fixed Hinge-1 N [WRgverse direction
B On Cylindrical Faces-1 (0 &30 rad
(3] External Loads ‘§| =
%Mesh = "
‘[ Result Options e o
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Applying a Force

TR
1 Apply a Force, oo e
m  Click the External Loads drop-down arrow from the o B s
Simulation tab in the CommandManager. I% External Loads Advisor
—P Farce
m  Click Force |+ | The Force/Torque B Torque
m Pressure

PropertyManager is displayed.

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.

B Click the top contact
face. Face<1>is
displayed in the Faces
for Normal Force box.

3 Set Units and Value.

| Select English (IPS) in the Force/Torque
Units box. @ % -8
m  Enter 301bf in the Force value Type | Spit]
bOX. Force/Torque P
g] Force
Note: 30Ibf is the normal force that the (B roraue
MiniGrab assembly can apply in P =
holding an object from the sea
floor. N
‘ (&) Mormal
4 A I the Force. () selected direction
PPy (& static-Study 1 (-Defaule-) g
m  Click OK from the Force/ %3 e et |y ikt
1 2 Connections
Torque PropertyManager. o of Fistures
Force-1 is displayed. <& Fixed Hinge-1 @ Per item
Ej On Cylindrical Faces-1 {:0in: )| Tatal
5@ External Loads - I —
& Force-1 (:Per item: 30 IbF:) |D'N°""mﬁ'rm Ristsibykon i
- Wy Mesh | Symbol Settings. ™
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Meshing and Running the Model

1

Mesh and Run the Model.

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

® Click Create Mesh . The
Mesh PropertyManager is
displayed.

® Click Standard mesh.

B Check the Run (solve) the
analysis box.

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

Fit the model to the Graphics area.

m Press the f key. View the Stress1
(-vonMises-) plot in the
Graphics area.

SolidWorks Simulation Professional

Run | Results Coare
Advisor Results
Run 1
ﬁ | Run Design Scenarios
& | Create Mesh
| Run All Studies
R
‘ Mesh Density ¥

i~
L Static Study 1 (-Default-)

@3 Finger Jaw (-6061-T6 (55)-)
3 Connections

g:\gFixtures

& Fixed Hinge-1
e e B On Cylindrical Faces-1 (20
E‘ {£| External Loads
e 4 Force-1 {:Per iterm: 30 Ibf)
%Mesh
[~ Result Options
=] {EIResults
2 fStressl (-vonMises-)

&l Displacementl {-Res disp-

- _-’ (%) Standard mesh

- + Run {salve) the analysis

Mesh Parameters

|83

() Curvature based mesh

A | o.0743saeer v 5|
L e—— |

] Automatic bransition

‘ Advanced ¥ !

=

Options

O Save settings without
meshing

Model name: 3 Finger Jaw

Study name: Static-Study 1

Plat type: Static nodal stress Stresst
Deformation scale: 21.3273

won Mises (Nimm”2 (MPa))
126.202
115,696
L 105191
. 94885
_ G480
| 73674
l 63169
| S2EB3
| 42158
| 31852
21147
1064
0136

— Yield strength: 275.000

Fatigue Analysis
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Performing a Fatigue Check Plot.

1 Create a New Fatigue Study.
m  Right-click the Results folder.
m Click Define Fatigue Check Plot. The Fatigue

Check Plot PropertyManager is displayed.
2 View the Fatigue Check Plot.
®  Click the Fully Reversing Load button. View
the results in the Graphics area. There is a
possible Fatigue issue.

m  Click Cancel from the Fatigue Check Plot
PropertyManager.

SolidWorks Simulation

E %Mesh
SR Results]

4
|7~ Result Options r

Advisor...
Solver Messages...

Define Factor Of Safety Plot...
Define Stress Plot...

Define Displacement Plot...
Define Strain Plot...

Define Design Insight Plot...

Define Fatigue Check Plot...
Log”

p’s SOLIDWORKS I File Edit View Insert Tools Simulation Toolbox Window Help Ql

e (B o) -9 3 Finger Jaw (Default<<De..

Modifying Factors A
Loading type

] 1

(@ Caleulate [ Fully Reversing Load l

Sl
() Spedfy 3

N —

0.95

e —

0.923 —

abs)

1 o075
=

Cumulative factor:
0.657637

Material
Material: 6061-T6 (35}

Fatigue strength:
1.55e+008 Njm~2

»

~

il - By - ) B 5.7 -=oBR
Pr 1 3 i B £Fy Design Insight [ Report
Study Fixtures External Connections Run | Results
Ad--isc’n bzt R Advisor Deformed  Compare U Plot Tools {5 Include Image for Repart
Material Result  Results
Features | Sketch | Evaluate | DimXpert | Office Products | Simulation ] @ O % - = =B 2

Modlel name: 3 Finger Jaw
Study name: Static Study 1
Plat type: Fatigue Check Plat Fatigue Checkl

[l ]C]e ]

4 Static Study1 [

Scale this value

Editing Part

1

Minimum safety factor
1

@ Possible Fatigue
Problem

‘You should run a full fatigue
analysis for more detailed
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Creating a New Fatigue Study.

1

Note:

Create a New Fatigue Study.

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

m  Click New Study [ ] 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.

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

Click Add Event[]. The Add
Event (Constant)
PropertyManager is displayed.
Select Static-Study 1 from the
drop-down menu.

Enter 100000 cycles box.

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

Click 3Finger Jaw in the Study
tree.

Fatigue Analysis

SolidWorks Simulation Professional

Q

Study
Advisor

Apply
Material

@;%Study Advisar

Mew Study
Study Properties

Fixtures
Advisor

v X =

Message

A

Study design life and damage due to
cydic loading defined by constant or
variable amplitude events

A

Fatigue-Study 1
R

& @ Extrudel \_ﬂ
w0 & mob-Febendet ki e

. T :
Q Right Plane [ I [2tde
1 origin | ] [ Fatigue Jor

Linear Dynamic

%@ |% $ & " — S
(&3 i \g*\ Static
% 3 Finger Jaw (Default<<Defa. 4| \a\ Frequency
@) 5 —
Iél ensors. @) sucing
A Annotations —
3= Material <not specified:= ‘@‘ Thermal
<> Front Plane ‘@‘ Drop Test

—= | b ‘a‘ Pressure Vessel Design
-__?_' ‘I‘ Submodeling
C% Fatigue-Study 1 (-Default-) =
El Loading {-Constant Amplitude-| Options - A
|/~ Result Options & | w,_ |

@ Report

E Indude Image for Report

Fatigue

s | Simulation

ﬁ Edd Event

« X 42

Load

fv | 100000

<+

-4 !Fully Reversed (LR=-1}

(¥~
C@Fatigue-study 1 {-Default-)

= IE Loadi:%({onstant Amplitude-)

E E Result Options
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Note:
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Edit the Fatigue data.

m Right-click 3 Finger Jaw.

m Click Apply/Edit Fatigue Data. The Material
dialog box is displayed.

®  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.

SolidWorks Simulation

#Fatigue-study 1 (-Default-) l-‘]
B

£= | apply/Edit Fatigue Data

) Log
| CRe | Capy

Material i =
- Properties | Tables & Curves| Fatigue SN Curves |Appearance ICm&\;}—Iatd’| ICusmm cla | e
Source Preview
() Define: g
® Derive from mate -0S3C
- f 1@ Based on ASME Austenitic Steel curves
O Rt (Z) Based on ASME Carbon Steel curves View Al
004-H34, Rod (5)
004-0, Rod (53) Table data
: 56.0-T6 Permanent Mold cast (55) StressRatio (R): | -1 Units:
s} = Points A B .
4= soszna B - g = =
3= soszh3e = = H File
3= so52H36 z i |
4= s052+38 L s [ [ves ]
4= 505238, Rod (55) 1 5 2000 save
5
7 10000 T
| S Source:
3= 606174 (59) /
Run the Study. 25 SOLIDWORKS jj Fie Edt Ve
m  Click Run from the Simulation Q B .
. Study | Run | Results 2l
CommandManager. View the Results Advisofu Advisor Deformed  Compg
folder. R
Features | Sketch | Evaluate | Dimx
: ok Fatigue-Study 1 (-Default-)
100,000 cycl.es represeqts approximately et
100 cycles/dive x 100 dives/year x 10-year {pu] Loading (-Constant Amplitug
life expectancy of the unit. % =
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6 View the Life Plot.

7 Display the Chart Options
PropertyManager.

8 Reverse the Life plot results color.

SolidWorks Simulation Professional

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

Double-click on the Total Life
(cycle) plot in the Graphics
areas as illustrated. The Chart
Options PropertyManager is
displayed.

Total Lite (cycls)
1,000,000.000
18,970,438

| 837340875
. 755811313
. B75881.750
| 584852188

! 513,522,584

432733031
| 351,763.459

| 270,733.908

168,704 358
108,674 797
27 /45230

Expand the Color Options box.
Click the Flip box.

Click OK from the Chart Options
PropertyManager. View the results in the
Graphics area.

Color Options

_>ﬁ

i Default

v

=t |12

Flip

User Defined

s ]

2

Total Life (cycle)

1,000,000.000
918,370,438
837 940,575
756,311,313
675,881,750
594 552,188
513,522,504
432,793,031
351 763 469
270,733,908
189,704,359
108 574797

27 545,230

Fatigue Analysis
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Applying a Load Factor

C@Fatigue-study 1 {-Default-)
1 Apply a Load Factor. i @3 Finger Jaw (-ASME Austentic
m  Right-click the Results folder. e
m Click Define Fatigue Plot. The Fatigue Plot Eﬂ"'{é'— —
> . & & | Define Fatigue Plot.
PropertyManager is displayed. & LBt T—
®  Check the Load Factor box.

m  Click OK from the Fatigue Plot
PropertyManager. View the Results folder.
2 Save and Close the Model.

m  Click Window, Close All from the Menu bar Plot Type A
menu. You are finished with the SolidWorks g“re
Simulation Professional section of the HOTD f::df:ctm
manual' %Biaxiality indicator

IProperty b |

C@Fatigue-study 1 {-Default-)
(¥ = Finger Jaw (-A5ME Austd
[+ | Loading {-Caonstant Amplit
l/_— Resulk Options

=[] Results

R & Results1 {-Damage-)
& Resulks2 {-Life-)

- & Results3 (-Load fac

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 factar
B51.427
597.208
542966

. 488 766
L 434 546
| 330325
_ 326108
| 271885
. 217 BBS
. 163444

. 108224

I 55004
0754
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SolidWorks Simulation Professional Conclusion

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 121
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Notes:

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.

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
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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

SolidWorks Flow Simulation
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Starting a SolidWorks Flow

SolidWorks Flow Simulation

Simulation Session

TestDrive »

1 Open the SeaBotix

LBV150 Assembly.
m  Click Open from
the Menu bar toolbar.
m  Double-click

LBV_ASSY from the
SeaBotix\SolidWorks
Flow Simulation

File name: LBY_ASSY.

ents library
Flow Simulation

folder. A simplified

model opens in the

Graphics area.
Activate SolidWorks Flow
Simulation module.

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

illustrated.

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

®  Check the SolidWorks Flow
Simulation 2013 box.

® Click OK from the Add-Ins dialog

box. The Flow Simulation tab is
displayed in the
CommandManager.

SolidWorks Flow Simulation

IR
[ ,EI Options
-

Exploded
View

LBV_ASSY.SLDAS

Customize. ..
Add-Ins...

Add-Ins

]

Active Add-ns

|startup |

El SolidWorks Premium Add-ins

[C] &R Circuitworks

] &8 Featureworks

[T Photoview 360

D'ﬁl" ScanTo3D

D-ﬁ?f; SolidWorks Design Checker
[7] & solidworks Mation

[7] 1 solidworks Routing

ij SolidWorks Simulation

[[]  Solidworks Toolbox

[ rt? SolidWorks Toolbox Browser
[ ] solidworks Utiities

[[]  Solidworks Workgroup PDM 2013
1T Tolanalyst

El SolidWorks Add-ins

[ Autotrace
/|  SolidWorks Flow Simulation 2013
[7] %% solidworks Forum 2013

OOEDO| ooooooooom@@@

[[]  Solidworks Plastics
[[]  Solidworks XPS Driver
—[-} oK ] [ Cancel ]
Zll
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3 Start the SolidWorks Flow
Simulation Wizard.

126

Click the Flow
Simulation tab located
in the
CommandManager.

Click the Wizard

tool. The Wizard -
Project Configuration
box is displayed.
Create new is selected
by default. Accept the
default settings.

Click Next>. The
Wizard Unit System
dialog box is
displayed.

Click IPS (in-Ib-s) for
Unit system.

Click inside the
Velocity Unit box.
Click Knot from the
drop-down menu as
illustrated.

Click .123 from the
drop-down menu from
the Decimals in results
display column.

Click Next>. The
Wizard - Analysis Type
dialog box is displayed.

SolidWorks Simulation

&SOL}DWGRKS . File Edit View Insert Tools Flow Simulation  Windd

|y Wizard | @ ) @1

Create a new Flow Simulation project
E]’E using the Wizard

B W

[ Mew Y [E General ik |
\ : L= Simulati...

| % Settings | o,

5 Clops ‘wiect | ke i

Asser

¥
)4l Parametric | Load/Unload &%
Study Results

| by Ea 4
ce Products | Flow Simulation [

Wizard - Project Neme

iy B ==

Froject

Project name: Pra

Cormrnents:

-] Computational Domain
18 Compenent Contral

Configuration to add the:
Fluid Subdomsins 3 b

»]
ject 111)

roject

S Boundary Conditions Configuration

Use Current -

-[]% Fans

B¢ Heat sources

@ Porous Media
& Tritial Conditions
® Goals

G Local Initial Meshes

-0 Results

-~k Mesh

& Cut Plots

<> suface Plots
& Tsosurfaces
=8 Flow Trajectories

Configuration name:  Def

< Back

aultt

] [ cancel | [ Heb

[ Nt >

-_—

T2 ]

Wizard - Unit System
Unit systen )
System Path Comment
CBS [emg-s] Fie-Defined CBS [emg's)
FPS [ftlbs) Fie-Defined FPS [ft4b-s)
1P finb-s] Fre-Defined IPS (inlb-s]
MMM rmeg-) Fre-Defined MMM [mmg-s)
Sl imkgs) Fre-Defined S fkg-s)
usa Pre-Defined usa
[] Create new IPS fin-lb-5] [modifizd)
— ng | Decimalsmresubs  1Slunk -
display equals to
1 Main
Pressure & stress bifin"2 12345
Velooty 123 =
Mass letersecond
Length Kiometer/our
- Miefour
4 Knot
Physical time Footisecond
F HVAC 3 !
(i Yardisecond o »
-
Milimeter/second
< Back M cel Help
Cusiom e
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m  Click the External box
for Analysis type.

m Click Next>. The
Wizard - Default Fluid
dialog box is displayed.

m  Expand the Liquids
folder.

®  Click Water.

m  Click the Add button.
Water is displayed in the
Project Fluids box.

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

®  Click Next>. The
Wizard - Initial and
Ambient Conditions
dialog box is displayed.

SolidWorks Flow Simulation

Wizard - Analysis Type [

Analysis type

) Intemal

© Extemal

SolidWorks Flow Simulation

Consider clased cavities »

Exclude cavities without flow canditions

Exclude internal space

Physical Features Valuz
Heat conduction in solids
Radiation =

Time-dependent
Gravity
Rotation

Reference axis

Dependency.. | @9
Ren Cancel Help

< Back

Water ( Liguids )

Fluids Path . New.. | o
Nitrogen Pre-Defined
Oxygen Pre-Defined
Propane Pre-Defined
R123 Pre-Defined
R134a Pre-Defined
R22 Pre-Defined
; RC318 Pre-Defined
% Pre-Defined
Non-N nian
Compressible = Add
L
Real Gases o Add
Project Fluids Default Fluid

Flow Characteristic

Flow type
Cavitation

Value
Laminar and Turbulent

»

Mext > ][ Cancel ][ Help ]
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®  Double-click inside the
Value box of Velocity in
X direction as illustrated.
Enter 2 kn for Velocity.
Click Next>. The Wizard
- Results and Geometry
Resolution dialog box is
displayed.

Note: Two knots is the operating
speed.

Complete the SolidWorks

Flow Simulation Wizard.

B Accept all default
settings. Click the Finish
button.

128

SolidWorks Simulation

Wizard - Initial and Ambient Conditi

Parameter
Parameter Definition
(=) Thermodynamic Parameters

Value
User Defined

Pressure
. Temperature
=) Velocity Parameters

14.6959473 Ibffin"2
68.09°F

. Vielocty in ¥ direction
. Velocity in Z direction
Turbulence Parameters

e
Cancel Help

< Back

et >

Whﬂ-w
>

Result resolution

Minimum gap size

Marual specification of the minimum gap size

[ Minimum gap size refers to the feature dmension
Mirimum gap size:

Minimum wall thickness
Manual specification of the minimum wall thickness

[ ] Minimurm wall thickness refers to the feature dimension

Mirimum wall thickness:

] Advanced natraw channel refinement

< Back

Optimize thin walls resclution

Cancel Help

»
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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 i
the assembly. E
X

6 AnalyzetheDrag. 000 @@ @
m  Click the Flow Simulation

analysis tree tab.
®  Expand the Input Data folder.
Right-click Goals.
m Click Insert Global Goals. g
The Global Goals 5B Input Dats
PropertyManager is displayed. Ll D mnst ey
m  Scroll down and check the Max

E‘Eé Projects

- [F8 Default 3)
\..Z8 Default (3)

.- [® Defaultl
Project 1 (1)

Fluid Subdomains
Ff Boundary Conditions

: B Goald >
box in Force(X). o B Resuts f Insegloba\ Goals...
[ Inserf*Point Goals...
m Click OK from the Global Insert Surface Goals..
Goals PropertyManager. | InsertVolume Goals.

8
%
B
]
»

L3

Parameter Mir Ay Max  Bulk Ay -
Turbulent Time B[ [}
Turbulent Length am| ]
Turbulent Intensity B[\ ]
Turbulent Energy L a
Turbulent Dissipation 0. ]

Heat Flux a.

Heat Transfer Rate
Mormal Force
Mormal Force (X)
Marmal Force (Y)
Mormal Force (Z)
Force

Force (X)

Force {Y)

Force (Z)
Friction Force
Friction Force (X)
Friction Force ()
Friction Force (Z)

n

mﬁmmmmmr«mmmmmmg

Force (X) EE

IEEEEEH=EEE R

SIS
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7 Run the Analysis.

m Right-click Run[>]
from Project 1 as
illustrated. The Run
dialog box is displayed.

m  Select 1 CPU from the

Note:

SolidWorks Simulation

un...
omatic Rebuild

Rebuild

Hide Global Coordinate System

Clone Project...

Create Template...

drop-down menu, Run LE )
m  Click the Run button. Startup
Mesh Take previous results
. [ Solve [ oo |
To save classroom time, we e
will stop the analysis and Continue callaton
open the Results folder to P and memory usag
I’eVieW Completed I'eSultS. Run at: [ThIS computer [CAD session] v] ] Close CAD
Use _ CPU(s]
T
Results proce 2 nizhing the: calculation
8 Stop the Analysis. Losd sty
. . . a
m  Wait until the third :
iteration and click Stop
-‘-::; Solver: Default1(LBV_ASSY.SLDASM)
from the Solver box as
illustrated. " | # |[EJD)E | %] ?
®  Click No to the question, Lkt RN
Parameter Value =
“Do you want to save Status Celeulation |
Fluid cells 45178
the results?” Patil celle o0
. A Tterstions 3 =
. Clle Flle’ Close from Last iteration finished 17:11:02
M CPU time per last iteration 00:00:02
the Solver Main menu. et G
Tterations per1 travel 7
Cpu time 0:0:9 L

130

Open the Configuration
with the Solved Results.

m  Click the ConfigurationManager tab.
®  Double-click the Default (3) configuration as

llustrated.

B Click the Flow Simulation analysi
tab.

B Right-click the Results folder.

m Click Load Results. The Load Res
box is displayed.

s tree

@ Computational Domain
Fluid Subdomains
“Ef| Boundary Conditions

? Goals

------ ? GG X - Component of Force 1

@
[ Resultr-
% | Lo a[%Results
Select Results...

ults dialog

SolidWorks Flow Simulation
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m  Double-click 3.fld in folder 3.

Look in: g 3 R
10 Create a Section Plot. R= Name .
m  Expand the Results folder. =B sresits tmp
m  Right-click the Cut Plots folder. L
m Click Insert. The Cut Plots L E:g'ﬂq»\\;

Desktop

PropertyManager is displayed.
Front Plane is selected by default.

2 Default (3)

E% Input Data

S @ Computational Domain
------ Fluid Subdomains

------ Ffi Boundary Conditions
9# Goals

...... & Cut Plot:
..... < Surface| InEert... i
é Isosurfaces

: Flow Trajectories
- Particle Studies

m  Expand LBV_ASSY from the fly-

out FeatureManager. View the & Sensars
. . N i B Design Binder
features. Front Plane is displayed P o8 aomtoions
in the Section Plane box. %
Selecton o —6) Top
m  Click the Contours [E] button in SIEEE e
. ==
the Display box. G = 8% () Bumper Sie,
. . B () Burnper Side,
®  Click the drop-down menu in the PO z 5% (3 Flow<1o-> 5
. L A | []‘@W MateGroupl
Contours box to select Velocity as
illustrated. ?’ h
S | Contours
|@‘ Isolines J
|z‘ Vectors -
|§‘ Mesh
|E‘ Streamlines
Contours 3
L P — | ]
Pressure * biss
E# Temperature =
o ¥
|.%.‘ Velodty (X) ‘t
Ve\nc!ty )
Opﬁn";:‘rﬂgga%)re (Fluid)
Vorticity -
Crop Add Parameter... B -
T [ [71] Model [ Mation Study - Default | Wotion Study 1
i b i 2003 xf) Edition
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m  Click the Adjust

Minimum and Maximum < : 2
. = Velodty & [ | :] |
button. View the range. i —— Lt Wi
11 View the Section Plot. e S
. E, Okn HE &
Click OK from the Cut
Plot PropertyManager. View E_# = :
the Section plot in the |2 30 profie i
Graphics area. 2
2187
. 1.952
Note: Click Flow Simulation, 1.708
Units from the Main menu T
. . 1.220
bar to modl'fy decimal places s
in results display. 0732
0.488
0.244
1]
Welocity [kn]
CutPlot 1: contours

12 Move the Section Plot in

the Graphics area. =% il

®  Expand the Cut Plots ——P= Bk CutPlots
fOIder' - <> ?urfac loks

m  Click Cut Plot1. View the 8 5}’_&. Isasurfaces
Control arrow in the . E2: Flow Trajectories

Graphics area.

®  Click and drag the control
arrow to the left side of the
computational domain.
View the changing results
of the Section plot.
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®  Click and drag the control
arrow to the right side of
the computational domain.

B Move the Section Plot
back to its original location
in the computational
domain.

SolidWorks Flow Simulation

SolidWorks Flow Simulation
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13 View the moving Computational D08 Results

bomain. | - s

. . =R & CutPIots
m  Right-click Cut Plot1.
m  Click Play. View the results in D__g fs‘;:;:f::‘ FaDefnion.-
the Graphics area. S FowTjed MO0

14 Stop the moving Computational | e T

pbomain. [ - & SurfacePar  pelete...

m  Right-click Cut Plot1. L

B Click Stop. View the results in Hic Goal Plots Aﬁmtim..

the Graphics area.
15 Hide the Computational Domain.
m Right-click the Computational
Domain folder.
m Click Hide.
16 Create a Second Cut Plot.
B Right-click the Cut Plots folder.
m Click Insert. Front Plane is
selected by default.

ﬁsouawc,qx:'ﬁle Edit View Insert Tools Flow Simulation Window Help QlD-ﬁvH-'@-'—y,. e

< Wizard B Ef ﬁa =] ] ¥ @ & k(¥ H
[ New [8 General | [I2 gty | 120 Perametic toscitosd By O s B[ g

idly
Clone Project = = & AL B2 . W& .
Assembly | Layout | Sketch | Evaluate [ Office Products | Flow Simulation [ o3 %
SEEe o AN B Do @R

|IES Projects

E lka Default @)
Default (3)
Defaultl

L €85 Project1 (1)

[ Fluid Subdomains -

{ i) Boundary Conditions

i 2R Goals

GG X - Component of —

= % Results

HE Mesh

g..a Cut PI
Q Cu IHSEE-

b Surface] Hide All

-y Tsosurf

Flow T Clear and Hide All
Particle Delete All...

Point P
Surface
Volume Parameters

2 N (== 12

NFEE

Play Al

|y XY Plots
iRy Goal Plots

-.if] Report

B Animations =

134 SolidWorks Flow Simulation



SolidWorks Simulation SolidWorks Flow Simulation

17 Change the Selected Plane.
m  Expand LBV_Assy from the fly-
out FeatureManager.
®  Click Top Plane from the fly-out
FeatureManager. Top is
displayed in the Selection plane

>, @ LBW_AS5Y (Default (3 <<D..
_@ Sensors

[]—@ Design Binder

[HE Annotations

. % Front

BEEE | -
=+ Origin
I (e

[]—% (=) Burnper Side, Plastic .,
or face bOX. []—% (=) Burnper Side, Plastic .,
i Oin z B9 () Flow<1-» % (Defaul.
18 Continue the Second Cut Plot. I —— !
m  Click the Contours | = | button. gy =
m  Select Pressure from the drop- B
down menu for Parameter. |21 rsolines
m  Click the Adjust Minimum and |E| Vectors
Maximum button. View the e
|@| Mesh
range.

b3

Section plots in the Graphics
area.

-
m Click OK from the Cut Plot B [pressue HE
PropertyManager. View the £ 1476360381 3_/ I T —Ty——
E<

P

14533632 (2] 4=

Fx |10
g]

|§| 3D profile

a»

Options v |

Crop Region ¥
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SolidWorks Simulation

,%sguawonxslﬁe Edit View Insert Tools FlowSmuation Window Help Q\D-B-ﬁ-&-n‘é}vl Do B R

S Wizard @ 7 i) @l

=  Flow
O Mew | (= g:t"';’gﬁé L2 simiats...
Clone Project h ¥

= %
'L',l Parametric || Load/Unload
B Study || Resuls

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

¥ a & kL

8| simulat..

Flow

SER®IS|
@ Projects
|8 Default @)
{25 Default (3)
-8 Defaultl
i €8 Project1(1)

Default (3)
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--[§ Fluid Subdomains
- Boundary Conditions
-#%  Goals
Pz GG X - Component of Foi
E‘“'Ea Results
#E Mesh
-3 Cut Plots

3 CutPlotl

*

{} Surface Plots
& Isosurfaces

--£3: Flow Trajectories
- Y% Particle Studies
- % Point Parameters
@) Surface Parameters
@ Volume Parameters
- [tg XY Plots
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-] Report
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19 Hide the first Section Plot. ———
m  Right-click Cut Plot1. "; ...... g
m  Click Hide. View the results.

Edit DeFlnltlon

Note: Click the FeatureManager tree tabas | - 0 Swfaj‘%
illustrated to view the full Graphics area. 3 & o e e

,%souawoﬁ’rs File Edit View Insert Tools mmmeDv@-ﬁ-%vL‘zy.@a",@.m@x

< wizard B , @ m @ Y ¥ e L 9 &
3 New | E SGetrLeral |[:|¢ S\mFJ?;:J | D Pararr::‘etnc | Lnad,thhmt % | {} S\r:llj,I: &| S\mFJ?au:J..‘
Clone Project EHE = i SR E& - £8 = =

Msemm|me|sm|Evmate|.0icemms|mwsmmﬁon| O E - & %

QU SWEB F- oo @ M-H-

147636
147481
147346
147201
14 7056
146811
14 6TEE
146621

Q -
&E Pressure [Ibfin™

Show FeatureManager Tree Area but Plot 2: contours

s

| Model | Notion —Defaull_|_Notion
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20 Hide the Section Plots.
m  Right-click the Cut Plots folder.
m  Click Hide All. View the model in the
Graphics area.
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Clear and Hide All
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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.

‘%SOLIDWRKSIHE Edit View Insert Tools FlowSimuation Window Help ﬁ.leB-ﬁ-&-ﬁ’s}-@l 152

o Wizard B [ & & o y ® & [CA E” &
Oovew | el [ iy | D0 Porometic |londiiosd By | 503 e (W] ..
Comerroect | By L g Y | B-= . HN& .

assembly | Layoul [ Skelch [ Evaluale | Office Producls | Flow Simulation
B = §

2 Projects

=-[F@ Default @)
L..£3 Default (3)
£-[F@ Defaultl

L £ Project1 (1)

=5 Default (3) &
-8 Input Data
-.[]] Computational Domain
@ Fluid Subdomains
Ef Boundary Conditions
- Goals
.. #® GGX-Componentof | 1
=] .% Results
itk Mesh
=43 CutPlots

.35 CutPlotl

L% CutPlot2
< Surface Plots
(11 & Isosurfaces
(=152 Flow Trajectories

i..£3: Flow Trajectories1

-5 Particle Studies
. A Point Parameters

& Surface Parameters ‘ )
[E Volume Parameters ﬁ‘
5

KL XV Plots

1 | JE i
|_Model [ Mofion Study - Default | Wotion Study 1
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Applying Flow Trajectories ‘

1 Create a Flow Trajectory.
m  Right-click the Flow Trajectories folder.
®  Click Insert. The Flow Trajectories
PropertyManager is displayed.
®  Expand LBV_Assy the fly-out

& CutPlotl
&k CutPlot2
Surface Plots
& Isosurfaces

£5: Flow Traj i
¥ Particle St nsert...
A Paint Parametel

FeatureManager- Ble=] E-NB LBY_ASSY (Default
. . . . . . o {
m Click Right Plane. Right is displayed in Er 7] ;::;:Bim
the Reference box. v R 4= ool
m  Slide the Offset slider as illustrated to | Startingpoims A] > Top
approximately -21. B 5 y

e B (-} Bumnper Sice
B () Bumnper Side,
B (1) Flow<1>-»

@ MateGroupl

m  Click OK| ¢ | from the Flow Trajectories
PropertyManager. Flow Trajectories 1 is

displayed. Flinplone
B Zoom-out and rotate the model to view | M 25723445 in =
the plot. QDW :

m

l@ 118110236 in

i‘:souawoﬁgslﬁe Edit View Insert Tools FlowSimulation Window Help Qva@v-§-‘j}v‘§EJ. P o

< Wizard B o, H @ @ w ¥ * o L@ &
[ New E General .E]: Slmilu;;” | [ Parametric || Load/Unload % ‘O S|;Ilj‘:m ";i-: 5|m1|uav;...
- W&

5 Setti Stud Results i
Clone Project S m 5 ¥ 9& ol

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

B0 RUASHE- T - @ B
2 Projects
i 8 Default (3)
| .£E Default (3)
£ Defaultl
-8 Project (1)

al B = =228

147638
14.749

47348
I 14.720

£5i Default (3)
£-(5 Input Data
H @ Computational Domain
@ Fluid Subdomains
Ff Boundary Conditions
= Pz Goals
P‘ GG X - Component of
E| % Results
= Mesh
=43¢ CutPlots
32 CutPlotl
% CutPlot2
- Surface Plats
gy Isosurfaces

19 50| O [ x| T

S Flow Trajectories 1
% Particle Studies
A Point Parameters
@ Surface Parameters
@ Volume Parameters

140 Applying Flow Trajectories



SolidWorks Simulation

2 Edit the Flow Trajectory.

Expand the Flow Trajectories
folder.

Right-click Flow Trajectories 1.
Click Edit Definition. The Flow
Trajectories PropertyManager is
displayed.

Pin the Flow Trajectories
PropertyManager.

Enter 100 for the Number of Points
as illustrated.

Click Lines with Arrows from the
drop-down menu in the Appearance
box.

Un-Pin the Flow Trajectories
PropertyManager.

Click OK from the Flow
Trajectories PropertyManager.
View the plot. If needed, click the
FeatureManager tree tab to hide or
click and drag the Pressure bar.

Applying Flow Trajectories

SolidWorks Flow Simulation

=35k Cut Plots
3 CutPlat 1
% CutPlot 2
{) Surface Flots
[+ é Isosurfaces
= £8: Flow Trajectories
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A FontP b
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& Design Binder
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= (5] ) d
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T (-] Flow <155 x (De
@ Mate Groupl
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b 216723445 in =
I ——— | J

®

S| 1m v = |

[%g] 17811023 in &

Appearance "

sta [ -
&% |Lines with Arrows k

}( 0354330709 in =| Draw Trajectories As
@\‘ Pressure s ‘gl
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SolidWorks Simulation

,%saunwonxslﬁe Edit View Insert Tools FiowSmulation Window Help FLD'B'E'&'@"@EJl S

Bl 28

i S Wizard B 4 [ 5] B
[ Mew
) Clone Project e .

= 3
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mula...

B . B® -

Assembly [ Layout | Sketch | Evaluate | Office Products | Flow Simulation |
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o Flow
& 1 Simulat....

OEEEE
@ Projects
S @ Default @)
i .£5 Default 3)
- [f® Defaultl
i 58 Project1 (1)

=5 Default (3)
% Input Data
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g Fluid Subdomains
JEfj Boundary Conditions
- Goals
-3 GG X- Component of
=] m Results
i Mesh
£ Cut Plots
--&F Cut Plot1
B CutPlot2
b Surface Plots
¢ Isosurfaces
-8 Flow Trajectories
£5: Flow Trajectories 1
5 Particle Studies
¢ Doint Parameters
> Surface Parameters
Volume Parameters

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.

m  Click Play El View the
animation of the model.

m  Click OK from the
Animation toolbar to
return to the
FeatureManager.

‘£5: Flow Trajectories

EosE Sisgizicn
. : it Definition. ..
M- Particle

A PantPa hide

@ Surface|  Clear and Hide
@ Volumed Clone

l’i’é R Plotsi Delete. ..

& Goal Ploj

Flay

| Egort... |

@ Repork
B Animati

=TT

Play

Play animation without saving to the disc

e

Il B @ Animationlavi

Cl s

00:00

lidWorks Premium 2013 x64 Edition
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4 Hide the Flow Trajectory.

m Right-click the Flow Trajectories 1 folder.
m  Click Hide. View the Graphics area.

SolidWorks Flow Simulation

25 Flow Trajectories
==
=

i, icled
2 Particle |

A Foint Pal
@) Surface|  Clagr and Hide

Edit Definition. ..

5 Set the Goal Plots. Py ——
® Expand the Results folder. T Traanrs
m  Right-click the Goal Plots folder as Crlndhana
illustrated. | 7 Point Parameters
m  Click Insert. The Goal Plot jjjj outace Paramerers
PropertyManager is displayed. | - I XY Plots
m Check the GGX-Component of Force1 j:% s:hm'};s
box as illustrated. 8w Animations
m  Click OK[¥] from the Goal Plot NERRE |
PropertyManager. The Goals dialog box ioal Blo
is displayed. View your options. ®
25 _

MleGx - Component of Force 1

FI.,x [Iterations

s SE

aAn

| Options ¥
. = e
Xd - oo .
Home Insert Page Layout Formulas Data Review View
$ Cut w | i=
d Cu Arial Y A SE==] e  Swap
—'iécopy' ] ....... & A _ = — i,
Lol - - - o — e = == == o
- Format Painter iy £ U = EE=EE|FF B
Clipboard Font Alignment
GoalName - fx | Goal Name
A [ B [ ¢ D E

LBV _ASSY.SLDASM [Default (3)]

Goal Name lunit [Value [Averaged Value [N
GG X - Component of Forcd [Ibf] | 299267495 3.015539819]
lterations: 54

Analysis interval: 24
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6 View the Excel Plot.

m  Click the bottom Force (X) tab. g
B View the plot, 4 4 » M| Summary Forca(X) . Plot Data %1
Ready 3
LBV_ASSY.SLDASM [Default (3)]
9
Bl
g
g5
:2 \\/\v‘ ——GG X - Component of Force
Es
il
1
10 20 30 40 50 60
-1
lterations
7 Close the Excel Plot and return to T —— |
SolidWorks Flow Simulation. @ =
m Click Close. j - T
y 1 accounts10-01-200778)
m  Select Don’t Save when prompted to > o2 w0
Save. —
l':_‘é Conyert
8 Save and Close the model. = o
m Click File, Close from the SolidWorks B sovess >
Main menu. =
m  Click Save All when prompted to save. o=
You are finished with the SolidWorks ] pepare >
Flow Simulation section of the HOTD = P
manual. B
.....:]. Publish »
L
al Qoq_
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SolidWorks Flow Simulation

SolidWorks Flow Simulation

Durlng.thls shprt session on using SqlldWorks o o
Flow Simulation, you have had a brief & Solidiorks Premium Add-ins
exposure to the main concepts of fluid-flow ";:E%C"“‘““’”"s O
: . . X i [] &§'n FeatureWorks [
simulation. SolidWorks Flow Simulation 1€ Photoview 360 &l
. . . . . [l ScanTo3D [}
gives you insight into parts and assemblies 1L, SoldWorks Design Checker 0
related to fluid flow, heat transfer, and forces [ solidorks Mation O
. . [ solidworks Routing [}
on immersed or surrounded solids. [ Solictorks Simuiaton B
. . . []  solidworks Toolbox B
The Only fluid-flow simulation product fully ;J'E: SolidWorks Toolbox Browser E
: : : . [ feil? Solidworks Utiities [l
integrated with SolidWorks, SolidWorks Flow || =™ o workeroup pom 2013 g
Simulation is incredibly easy to use; you [CIET Tolanalyst B
simply tell the software what you’re interested l’;’ff”":v;:ks o =
. . . . - u ace L
in instead of having to translate analysis [¥]  SolidWorks Flow Simuiation 2013 &
. . . I [7] % solidworks Forum 2013 |
design goals into numerical criteria and B ok =
iteration numbers. O] Solidworks XPS Driver [
Access physical fluid models for
. . . . . Ok C |
engineering applications. SolidWorks Flow [ == A

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

SolidWorks Flow Simulation

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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Notes:

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.

The ease of use of SolidWorks® Motion to perform analysis on your design.
The steps for performing a motion simulation on your designs.

The integration between SolidWorks Motion and SolidWorks.

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.

®m 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.
m  Double-click the

Gripper Motion 2013
assembly from the
SeaBotix\SolidWorks
Motion folder.

Activate SolidWorks
Motion.

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

Click Add-Ins. The Add-Ins dialog

box is displayed.

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

box.

SolidWorks Motion

SolidWorks Motion

K3l | « SolidWorksSimulati.. + SolidWorks Motion » ~ | 49 || Search Soliaworks »
Organize » New folder =~ 0 @
¢ Favorites Dot‘uments library AR Fele
P Deskiop SolidWorks Motion
% Downloads e
il Recent Places =
Finished
& Libraries « Gripper Motion 2013
) Documents )
& Music
[ Pictures
B videos
P e ~ | A '
Mode: Display States:

Configurations:

Quick Fmen El

File name: | SIS

v | Assembly (*.asm:* sidasm) -

5] | optiens
Customize...

Add-Ins...

Add-Ins

]

Active Add-ns

|startup |

El SolidWorks Premium Add-ins

[7] &R Circuitiworks

] &8 Featureworks

[T Photoview 360

D'ﬁl" ScanTo3D

D-:é’; SolidWorks Design Checker
(Sa SolidWorks Motion

| [7711E solidworks Routing

Dr’ SolidWorks Simulation

[[]  Solidworks Toolbox

&) rs; SolidWorks Toolbox Browser

[7] & solidworks Utlities

[7]  SolidWorks Workgroup PDM 2013

[T Tolanalyst

El SolidWorks Add-ins

aQ@

[ Autotrace

[[]  SolidWorks Flow Simulation 2013
[7] % solidworks Forum 2013

[]  Solidworks Plastics

[]  Solidworks XPS Driver

OoEOO| ooooooooaE@

SolidWorks Premiul

2013 54 Edition
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3 Start a SolidWorks Motion Study.
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.

55 SOLIDWORKS jf Fle Edt vew Imert Toos Window rep Qla SR B % El - e, P - = @R

Assembly | Layout | Sketch | Evaluate | Office Products
tElR® »
(F~ )
B Gripper Motion 2013 (Default ~
-.{&3)] Sensors F
[A] Annctations
{32 Front Plane
-% Top Plane
L% Right Plane
il Origin ¥
% () Main Housing <13 (Def

T MS-FINGER<1> (Default< i‘
"% MS-HOLDER<1> (Defautt: | ©

MY D1ich_Dull Dlate i (Defa R
4 . ] 3

Motion Analysis v || 58 IB> B> W [) ro-Rl@@ gassNRedElH ek B

Animation s & T T R 0 sec ‘5 sec |1I] sec |15 sec ‘ZI] SeC
BasicMotion _ly,tion 2013 (Default<E] 4
LS B ation and Camera Viey

Ao CamensandScend

(f) Main Housing<1> (Defau
(-) MS-FINGER<1> (Default<
% (-) MS-HOLDER<1> (Default
%8 (-) Push-Pull Plate<1> (Defal
% (-) Miniature Shoulder Screw|
% () Push Ame1> (Default<<
% (-) MS-FINGER<2> (Default<

-5 (-) MS-FINGER<3> (Default< aqaq
ul '

P R T PR W J—

[T TTT Wodel | Motion Study 1

QUSHE- D or- @ R - @S

1
A
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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.

Applying Motion to a Component

Extrudel of Push-Pull Plate <1 =

SolidWorks Mot

ion

b3

Motor Type
@ Rotary Motor
= | Linear Motor (Actuator)

P Path Mate Motor

Component/Direction A

L) —
() [rooemnine
% Ermoimeed

m

Motion A

.Consiant Speed -

€9 1worem 2

=
—
L

| S|
5

Click the graph to enlarge

More Options ]
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Applying Linear Motion

4

Note:

152

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.

Click the Push-Pull Plate
component face of the Gripper
assembly. The direction arrow
points inward.

SolidWorks Simulation

Motor
Moves a compenent as if acted upen
by a motor.

I@E\Réalﬁjllm

|8 sec [10 sec 11

-

b3

Motor Type
B Rotary Motor

8 Linear Motor (Actuator)

m

47 Path Mate Motor

Component/Direction A

@ Face < 1>@Push-Pull Plat:
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5 Display the Function Builder.
m  Select Segments for Motion Type from the
drop-down menu. The Function Builder

Motion

=

Constant Speed : I i

R . . K @ Constant Speed
dialog box is displayed. Use the Function Distance
. Oscillating
Builder to define motor or force profiles from |
an imported data set. You can also use the i '
Function Builder to define a motor or force SvoMotr _____
. . oad Function from File...
profile from a mathematical expression or Delete Functions... |||

from interpolated functions along connected
segments. For motor profiles, you can specify
time, cycle angle, or any result as the
independent variable.

6 Add Rows.
m  Click Click to add row. A new row is
displayed.
[D Segments ] lﬂ Data Paints ] [f“ Expression ] (i)
e CTEET— Show graphs: Displacement 7] Velocity [] Acceleration @] 3erk
Independent variable (x): k& e
StatX | EndX | Vale | SeomentType
[0.00mm |
0s [is [0.00mm__| Cubic Dera — o
Cik o daiirow E -
E os = o5
= E
5 =
g =z
= 02 04 06 08 10 2 02 04 06 08 10
§ 0.5 Time (5) 2 o5 Time (5)
1.0 1.0
_ 10 10
&
% P
Z 05 T 05
£ =
= £
5 £
B 02 04 06 08 10 = 02 04 06 08 10
T 05 Time (5) S 05 Time (5)
LS
10 10
["IMake function available for use elsewhere in this document Name: | User function 1
[ oc J[ e J[ v |
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m Fill in the following

numbers and rows as Startx | Endx Value | Seoment Type

. . 0.00mm

illustrated. View the results. —pe o1s BO0nm  |3-4-5-Pama
—Ppp|loi= 02s 0.00mm 3-4-5-Palyno ]

Click to add row Half-Cozing (I'.‘!k‘ ALt -
4-5-6-7-Polynomial (Default)
5-6-7-8-9-Palynomial (Default
Cycloidal (Detaul)
Guadratic (Default)

Linear (Default) S
RS
200.0
g.0
E = 1000
= E
I £
E 4.0 =
o g a1 2
g 20 T T b '
5 = ime (s
= -100.0
0.1 0.z
Time (s} -200.0
£000.0 600000.01
;&“ 4000.0 400000,0
in =
£ 20000 ¢ zo0000.0
£ E
= £
g £ j
k] | 0.z = ot 0.z
% -2000.0 Tirle: {5} AL -200000.0 “ Tima {s)
2 4000 -400000.0
-5000.0 -600000.0
[ 1 Make Function available for use elsewhere in this document Marne:
_('> OF H Cancel ] l Help

B Click OK from the Function Builder dialog box.

m  Click OK from the Motor PropertyManager. LinearMotor1 is displayed in
the Motion Study FeatureManager.
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7 Edit Key Point Time for Motion Study.

m  Right-click the Key Properties icon as illustrated.
Click Edit Key Point Time.
Enter .2 for time.

Click Save from the Edit Time dialog box.
Click the Zoom to Fit icon in the Motion Study. View the results.
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&2 LinearMotorl

Copy
%8 (f) Main Housing<1> (Defau : :
5§ (-) MS-FINGER<1> (Default< aste

Delete

11§ (-) MS-HOLDER<1> (Default
%@ () Push-Pull Plate<1> (Defa Select Al
11 & () Miniature Shoulder Screw|
% () Push Arm<1> (Default<<

.

ATV Wiodel ] Motion Study 1 [

m_

B =X

¥ 2

— X [P 22

Motion Analyss || G 1> B = () R TG ERRYE ICEIEITYIEN] =)
[P % % % o sec, o pasose 0100 sec . fpsosec T

+ 5@ Gripper Motion 2013 (Defaut<L| L e
@ Orientation and Camera Viev|
o] Lights, Cameras and Scene.
= & LinearMotorl
5@ () Main Housing<1> (Defau
- (-) MS-FINGER<1> (Defauit<

Zoom to Fit
%@ () MS-HOLDER<1> (Default ———
() Push-Pull Plate

S 10 push - o< \ﬁw@, a
i :
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Applying Forces
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:

156

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

Applying Forces
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Applying Force to the Gripper
Fingers

1 Select a Contact Face.
B Rotate the Gripper assembly
with the middle mouse button
to view the inside faces of a
finger as illustrated.
B 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.

2 Apply the Force.

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

¢ % 4=

Type

> 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.
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 - | B B U
(T %% G

9@ Gripper Motion 2013 (Default<

----- ® Orientation and Camera Vi

-

71-l3%] Lights, Cameras and Scene
& LinearMotorl

R
% (f) n Housing<1> (Defa
% (-) MS-FINGER<1> (Default
R Y a
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3 Apply a Contact Force to the two other Fingers.
B Repeat Step 1 & 2 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 ~ || &8 > B & [J oA 3@ E@ENRE B E| R WL
[F)% % % & lu sec, ‘ |u.usu sec / : ‘u.wu sec ‘ 7 ‘0.150 sec 0.200 sec
5§ () Main Housing<1> (Defau
ER Y1) Ms-FINGR 1 (Defauie
iy % () MS-HOLDER<1> (Default
I!I\EI\II\I:I Motion Study 1
4 Run the Motion Simulation. ]
- () MS-FINGER Ea:w:a:e the Motion Stud
m  Click the Calculate icon. 2§ () MS-FINGER.._© c(—u — _Hy )
A +-%8 (-) Miniature Sho der Scren =
m Ifneeded click Yes to the message [ ELN]
in the dialog box. View the Motion Analysis v I%-"D > E [
assembly moving while the analysis % % y
. . + [=-~§ Gripper Motion 2013 (Default<C
b £ d @ Gripp
1S being periormed. @ Orientation and Camera Viev

5 Calculate the Reaction Force at the
Finger Hinge.

m  Click the Results and Plots icon from

Results and Plots
Calculates results and creates graphs,

the Motion Study toolbar. The Results i 0 @SR 3§ e B E

PropertyManager is displayed. [ Results 7|
m  Select Forces from the Result drop-down v %

menu. Result 3
m Select Reaction Force from the Result Forces ——

drop-down menu as a sub-category.

B  Select Magnitude from the Result drop-
down menu as the Result component.

m  Expand the Mates folder from the Motion

Study FeatureManager. ]

m Click Concentric 2 from the Mates folder.

Reaction Force  ——Jp
Magnitude —’
= e

Plot Results A
m  Click OK[¥]in the Results O Crese nen
PropertyManager.
Flot result versus:
Time A
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®  Click No to the displayed message. View the plot.
m  Click along the time axis and view the changes in the Gripper.

Note: Do not close Plotl at this time.
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Edit the LinearMotor1 Feature.

Right-click LinearMotor1 in the Motion
Study FeatureManager.

Click Edit Feature. The Motor
PropertyManager is display.

Click the Edit button. The Function
Builder dialog box is displayed.

Modify the EndX (.05) time cell as
illustrated. Note the update in the plots.
Click OK from the Function Builder
dialog box.

Return to the SolidWorks Motion
Graphics area.

Click OK | ¢ | in the Motor
PropertyManager.

Function Builder
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8 Re-run the Motion Simulation. —
Motion Analysis | E“?, |Hb =
m  Click the Calculate icon. View the [ B T B
results of the new plot in the Graphics + =% Gripper Motion 2013 (Default<[]
(] @ Orientation and Camera Viey|

arca. @I Lights, Cameras and Scene
gﬂrl\dotorl

=
Fie Edt Vew mset Tods wrdow tep @0 ¥ -ld-% -9 B0 GE- ow. P o B
" &
@ o I B g @ W = s B =
- Insert Linear Move Assembly Reference &
Edit Mate Smart Show New Bilof | Exploded Explode ([Instamt3D| Update 3
Component Compiments .. Fasteners Comparent Hidden fphars . boomdiy Motion | Materials Wiew Line Speedpak
- - - Components - - Study Sketch

Assembly | Layout | Sketch | Evaluate | Office Producis |
S == ) »
(T~

Q Gripper Motion 2013 (Default= »
{&] Sensors F
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%> Top Plane
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Motion Analysis | B > m
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9 Create a Trace Path.

m  Click on the Results and Plots icon
from the Motion toolbar. The Result
PropertyManager is displayed. L[ @3NRE 9

m Select Displacement/Velocity/ B e 10 sec
Acceleration from the drop-down menu E—

in the Result box.

Results and Plots
Calculates results and creates graphs,

m  Select Trace Path from the drop-down v
menu as a sub-category. Result : S—
m  Click a point at the end of a finger as P Delecenenticicyiv |
illustrated in the Graphics area. Note the T Pl @
icon feedback symbol. -
m  Click OK from the Results |
PropertyManager. ® ]
DOutput Options ]

Show vector in the graphics
window

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

o

Extrudel of MS-FINGER <3
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10 Zoom in to view the results.
Use the middle mouse wheel to zoom in on the Trace Path.
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11 Re-run the Motion Simulation.

m  Click Play from Start. View the results

in the Graphics area.

] =

R
= 9@ Gripper Motion 2013 (Default<C
@ Orientation and Camera Viev

@ Lights, Cameras and Scene
& LinearMotorl

HEE I R
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12 Disable Playback of view Keys.

m Right-click Orientation and
Camera Views from the Motion
Study FeatureManager.

® Click Disable Playback of View
Keys.

m Click Play from Start. View the
results in the Graphics area.

13 Rebuild and Save the Assembly.

m Click Save from the Menu
bar toolbar.

®  Click OK to the Rebuild message.

14 Close all models.

m  Click Window, Close All from
the Menu bar menu. You are
finished with the SolidWorks
Motion section of the HOTD
manual.
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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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