SolidWorks®
Engineering Design Project

The Mountainboard

Dassault Systémes - SolidWorks Corporation Outside the U.S.: +1-978-371-5011
300 Baker Avenue Fax: +1-978-371-7303
Concord, Massachusetts 01742 USA Email: info@solidworks.com

Phone: +1-800-693-9000 Web: http:/www.solidworks.com/education



© 1995-2011, Dassault Systemes SolidWorks Corporation, a
Dassault Systemes S.A. company, 300 Baker Avenue,
Concord, Mass. 01742 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 Systemes 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
termsof thelicense. 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 and JP 3,517,643).

eDrawings® softwareis 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 Product Names for SolidWorks Products and
Services

SolidWorks, 3D PartStream.NET, 3D ContentCentral,
eDrawings, and the eDrawings |ogo are registered trademarks
and FeatureManager isajointly owned registered trademark of
DS SolidWorks.

CircuitWorks, Feature Palette, FloX press, PhotoWorks,
TolAnalyst, and X changeWorks are trademarks of DS
SolidWorks.

FeatureWorksis aregistered trademark of Geometric Software
Solutions Ltd.

SolidWorks 2011, SolidWorks Enterprise PDM, SolidWorks
Simulation, SolidWorks Flow Simulation, and eDrawings
Professional are product names of DS SolidWorks.

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

Document Number: PMS0719-ENG

COMMERCIAL COMPUTER SOFTWARE -
PROPRIETARY

U.S. Government Restricted Rights. Use, duplication, or
disclosure by the government is subject to restrictions as set
forthin FAR 52.227-19 (Commercial Computer Software -
Restricted Rights), DFARS 227.7202 (Commercial Computer
Software and Commercial Computer Software
Documentation), and in the license agreement, as applicable.

Contractor/Manufacturer:

Dassault Systemes SolidWorks Corporation, 300 Baker
Avenue, Concord, Massachusetts 01742 USA

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

Portions of this software © 1986-2011 Siemens Product
Lifecycle Management Software Inc. All rights reserved.

Portions of this software © 1986-2011 Siemens Industry
Software Limited. All rights reserved.

Portions of this software © 1998-2011 Geometric Ltd.

Portions of this software © 1996-2011 Microsoft Corporation.
All rights reserved.

Portions of this software incorporate PhysX ™ by NVIDIA
2006-2011.

Portions of this software © 2001 - 2011 L uxology, Inc. All
rights reserved, Patents Pending.

Portions of this software © 2007 - 2011 DriveWorks Ltd.

Copyright 1984-2011 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 copyright information, in SolidWorks see Help >
About SolidWorks.

Copyright Notices for SolidWorks Simulation Products
Portions of this software © 2008 Solversoft Corporation.

PCGLSS © 1992-2007 Computational Applications and
System Integration, Inc. All rights reserved.

Copyright Notices for Enterprise PDM Product

Outside In® Viewer Technology, © Copyright 1992-2011,
Oracle

© Copyright 1995-2011, Oracle. All rights reserved.

Portions of this software © 1996-2011 Microsoft Corporation.
All rights reserved.

Copyright Notices for eDrawings Products
Portions of this software © 2000-2011 Tech Soft 3D.

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

Portions of this software © 1998-2001 3Dconnexion.

Portions of this software © 1998-2011 Open Design Alliance.
All rights reserved.

Portions of this software © 1995-2009 Spatial Corporation.

This software is based in part on the work of the Independent
JPEG Group.



Contents @

Introduction

Lesson 1: Using the Interface

Lesson 2: Basic Functionality

Lesson 3: Basic Parts — The Binding

Lesson 4: Revolved Features — The Wheel Hub
Lesson 5: Thin Features — The Deck

Lesson 6: Multibody Parts — The Axle and Truck
Lesson 7: Sweeps and Lofts — Springs and Binding
Lesson 8: Final Assembly

Lesson 9: Presenting Results

Glossary

Mountainboard Design Project with SolidWorks

20

77
116
192
248
340
410
460
542



Introduction

About This Course

The SolidwWorks Engineering Design Project, The Mountainboard and its supporting
materialsis designed to assist you in learning SolidWorks in an academic setting. The
SolidwWorks Engineering Design Project, The Mountainboard offers a competency-based

approach to learning 3D design concepts and techniques.

Online Tutorials

The Solidworks Engineering Design Project is a companion
resource and supplement for the SolidWorks Online Tutorials.

Accessing the Tutorials

To start the Online Tutorials, click Help, SolidWorks
Tutorials. The SolidWorks window is resized and a second
window will appears next to it with alist of the available
tutorials. Asyou move the pointer over thelinks, anillustration
of the tutorial will appear at the bottom of the window. Click
the desired link to start that tutorial.

Conventions

Set your screen resolution to 1280x1024 or better for optimal
viewing of the tutorials.

The following icons appear in the tutorials:

next 2 MoOves to the next screen in the tutorial.

g Represents a note or tip. It is not alink; the information

isto theright of theicon. Notes and tips provide time-
saving steps and helpful hints.

[E2 You can click most toolbar buttons that appear in the

lessons to flash the corresponding SolidWorks
button.The first time you click the button, an ActiveX

The
i

3 in Solidviorks for this
releaze. se2 Whar's New Examples. Al other tutorials
can be completed In any arder.

Gething Started Special Types of Models
Building Models Productivity Fnhancements

Working with Models (Design Analysis

Al Tutonals (Set 1)
All SolidWorks Tulorials (Sed 2)

I:SWMSWQ Nt Dedign

Machine Design Mold Desgn

‘What's New Examples ©

control message may appear: An ActiveX control on this page might be
unsafe to interact with other parts of the page. Do you want to allow this
interaction? Thisisa standard precautionary measure. The ActiveX controlsin
the Online Tutorials will not harm your system. If you click No, the scripts are
disabled for that topic. Click Yes to run the scripts and flash the button.

Mountainboard Design Project with SolidWorks
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Timer shows the estimated time to complete the tutorial.

l\-ﬂ Open File or Set option automatically opens the file or sets the option.

Earl ) Show me... shows a video about this step.

C& A closer look at... links to more information about a topic. Although not required
to complete the tutorial, it offers more detail on the subject.

g?) Why did I... links to more information about a procedure, and the reasons for the
method given. Thisinformation is not required to complete the tutorial.

Printing the Tutorials

If you like, you can print the Online Tutorials by following this procedure:

1 Onthetutorial navigation toolbar, click Show .

This displays the table of contents for the Online Tutorials.

2 Right-click the book representing the lesson you wish to print and select Print from the
shortcut menu.

The Print Topics dialog box appears.
3 Select Print the selected heading and all subtopics, and click OK.
4 Repeat this process for each lesson that you want to print.

Using This Course

This courseis not just this book. The SolidWbrks Engineering Design Project, The
Mountainboard is the focal point of the SolidWorks course — the road map for it. The
supporting materials that are in the SolidWorks Online Tutorials give you alot of
flexibility in how you learn SolidWorks.

Learning 3D design is an interactive process. You will learn best when you explore the
practical applications of the concepts you learn. This course has many activities and
exercisesthat will allow you to put design conceptsinto practice. Using the provided files,
you can do so quickly.

The lessons for this course are designed to balance lecture and hands-on learning. There
are also assessments and quizzes that give you additional measures of your progress.

Mountainboard Design Project with SolidWorks 2



SolidWorks

Introduction

Engineering Design and Technology Series

Lesson Structure

Each lesson contains the following components:

a

a

a

a

Mountainboard Design Project with SolidWorks

Goals of the Lesson — Clear objectives for the lesson.
Before Beginning the Lesson — Prerequisites, if any, for the current lesson.

Review of Previous Lesson — You reflect back on the material and models described
in the previous lesson with questions and examples. Answer these questions to
reinforce concepts.

L esson Outline — Describes the major concepts explored in each lesson.

Active Learning Exercises— You create parts, assemblies and drawings that will make
up the final project, The Mountainboard.

5-minute Assessments — These review the concepts developed in the outline of the
lesson and the active learning exercises.

Exercises and Projects — These exercises and projects provide additional material to
practice the concepts learned in the lesson.

Lesson Quizzes — Fill in the blank, true/false and short answer questions compose the
lesson quizzes.

Lesson Summary — Quick recap of the main points of the lesson.
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Lesson 1: Using the Interface

Goals of This Lesson

O Become familiar with the Microsoft Windows interface.

0 Become familiar with the SolidWorks interface.

Before Beginning This Lesson

0 Verify that Microsoft Windows is loaded and running on your classroom/lab computer.

a Verify that the SolidWorks software isloaded and running on your classroom/lab
computer in accordance with your SolidWorks license.

0 Loadthetraining files.

Outline of Lesson 1

a Active Learning Exercise — Using the Interface

« Starting aProgram
« Exiting a Program

+ Searching for aFile or Folder
+ Opening an Existing File

« SavingaFile

+ Copying aFile

+ Resizing Windows

+ SolidWorks Windows
+ Toolbars

- Mouse Buttons

« Context-sensitive Shortcut Menus

+ Getting Online Help

Mountainboard Design Project with SolidWorks
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Active Learning Exercise — Using the Interface

Start the SolidWorks application, search for afile, save thefile, save the file with a new
name, and review the basic user interface.

The step-by-step instructions are given below.

Starting a Program

1

2

Click the Start button § in the lower left corner of the window. The Start menu

appears. The Start menu allows you to select the basic functions of the Microsoft
Windows environment.

Note: Click meansto press and release the left mouse button.

From the Start menu, click All Programs, SolidWorks, SolidWorks as shown below.

Note: Depending on how SolidWorks was installed on your computer, the version
and the Service Pack number, 2011 SP2 for instance, may be included or not
listed. If your computer is running the 32 bit version of Windows, the x64
Edition will not belisted as part of the program name.

The SolidWorks application program is now running.

. NVIDIA Corporation
. PrintServer Utilities
. QuickTime
. Roxio Creator DE
Documents . SequoiaView Documents
. SharePoint
Pictures || ShrewSoft VPN Client Pictures
. Sizer
. Snagit10
. SolidWorks 2010
. SolidWorks 2010 Fundamentals
. SolidWorks 2011
B SglidWaorks 2011 64 Edition
S solidWorks eDrawings 2011 64 Editi
4? SolidWorks eDrawings 2011 I
. SolidWorks Tools
. SolidWorks Installation Manager
rlelp and Support . Stardock Help and Support
. Startup
., Topaz Labs

‘

Music Music

Computer Computer

Control Panel Control Panel

Devices and Printers Devices and Printers

Default Proor=.ns &l Default Programs

» Al Programs Back

| |Ses‘r\:}.‘ programs and files pel | Search programs and files

Note: Your Start menu may appear different than theillustration depending on which
version of the operating system isloaded on your system.

Mountainboard Design Project with SolidWorks
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TIP: A desktop shortcut is an icon that you can double-click to go
directly to thefile or folder represented. If your system desktop m
has a shortcut to the SolidWorks application program, you can
start the program by double-clicking the left mouse button on this
shortcut. The illustration shows the SolidWorks shortcut.

Solidorks

Exit the Program

To exit the application program, click File, Exit or click on the main SolidWorks
window.
Searching for a File or Folder

You can search for files (or folders containing files) which is useful if you cannot
remember the exact name of the file that you need.

Windows has different methods to search for files through the Start menu and Windows
Explorer.

Search Box

The Search Box is located on the Start menu.To search from the start menu, click Start
and then type in the file name or partial file name you are looking for. Using the Search
Box from the Start menu, Windows will only search indexed files.

Windows Explorer

In Widows Explorer, there is a search box in the upper right corner of the window. When
using this search box, Windows will search the folder or library that is active in Windows
Explorer and search for file names, text in the file content and properties. When searching
alibrary, Windows will also search all sub folders.

Mountainboard Design Project with SolidWorks 6
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Search for afile

We will now use Search to find afile.
1 Right-click Start, and click Open Windows Explorer.

Lesson 1: Using the Interface

2 Intheleft pane of Windows Explorer, locate and select the Mountainboard

Design Project folder.

3 Inthe Search Box in the upper right corner of the Window, type
with a name that starts with the letters dumb.

Asyou type, Windows will be searching the selected folder and
files that match what you have typed.

dumb* to locate afile

sub-folders for any

@-u-v| v Search Results in Mountainboard Design Project_Student »

v|¢,||m

J )

File Edit View Tools Help

Organize « Save search Burn

SolidWorks Curriculum_and_Courseware_2011 & Mame Type
Mountainboard Design Project_Student .
“n Dumbell. SLDPRT

Images

Lessons Search again in:

Mountainboard ) Libraries o Homegroup (8 Computer
Training Templates
Mountainboard Desian Project Teacher Sk !

/r;) 1 item

SolidWarks Part Document

Folder

Lesson0l (Chsolidworks curriculum_ang

B Custom... (@ Internet

TIP: Theasterisk (*) isawild card. The wild card allows you
to enter part of afile name and search for al files and
foldersthat contain that piece.

Opening an Existing File
1 Double-click on the SolidWorks part file Dumbell.

This opens the Dumbell file in SolidWorks. If the SolidWorks application program is
not running when you double-click on the part file name, the system starts the
SolidWorks application program and then opens the part file that you selected.

TIP: Usetheleft mouse button to double-click. Double-

clicking with the left mouse button is often a quick way of

opening files from afolder.

You could have also opened the file by selecting File, Open from the Windows

Explorer menu.

Saving a File

1 Click Save [[g| to save changesto afile.

It isagood ideato save thefile that you are working whenever you make changesto it.

Mountainboard Design Project with SolidWorks




SolidWorks

Engineering Design and Technology Series

Copying a File
Notice that Dumbell
isnot spelled correctly.
It is supposed to have
two“b’'s’.

1 Click File, Save As to

save acopy of thefile
with a new name.

The Save As window
appears. Thiswindow
shows you in which
folder thefileis
currently located, the
file name, and thefile
type.

2 IntheFile Name field

Lesson 1: Using the Interface

B Save As [i—E-J
u L/ [ 1) « Lessons » Lessonl » - | 43 | [ Search Lessono1 ol
Organize + Mew folder EEES @

= Hide Folders [ Save l |

enter the name
Dumbbell and click
Save.

SolidWorks Curriculum_and_Courseware_2011 = Mame

Mountainboard Design Project_Student .
Exercises

~5Dumbell SLDPRT
“*» Dumbell SLDPRT
© Paper Towel Base.SLDPRT

Images
Lessons
Lesson0l
Exercises
Lesson02
Lesson03

Lesson04

e SR D umbbell. SLDPRT| -

Save as type: |Part(*.pr‘t;*.sldprt] -

Description: Add a description

Save as copy

References...

Cancel

A new fileis created with the new name. The original file still exists. The new fileisan
exact copy of thefile asit exists at the moment that it is copied.

Resizing Windows

SolidWorks, like many applications, uses windows to show your work. You can change

the size of each window.

1 Movethe cursor along the edge of awindow until the shape of the
cursor appears to be a two-headed arrow.

HIr\‘

2 Whilethe cursor still appearsto be atwo-headed arrow, hold down
the left mouse button and drag the window to a different size.

3 When the window appears to be the size that you wish, release the mouse button.
Windows can have multiple panels. You can resize these panels relative to each other.

4 Move the cursor along the boarder between two panels until the cursor
appears to be two parallel lines with perpendicular arrows.

.

5 Whilethe cursor still appears to be two parallel lines with perpendicul ar
arrows, hold down the left mouse button and drag the panel to a different size.

6 When the panel appears to be the size that you wish, release the mouse button.

Mountainboard Design Project with SolidWorks
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The SolidWorks User Interface

The SolidWorks user interface is a native Windows interface, and as such behavesin the
same manner as other Windows applications. Some of the more important aspects of the
interface are identified below.

I =

Wlllil‘IWoIks Edit View Insert Tools Toobox 3Dcontrol  Photoview 360 | Window | Help Qleva&-%}Jvl .2 - = A%
Edit Edit Edit | IntegNted Preview Final Recall Schedule Options
Appearance Scene Decal  Previs Window Render Last Render

Render

Features | Sketch | Surfaces | Mold\pols | Evaluate | Dimxpert | Render Tools « Design Library & -7

Pull down Menus Toolbars Ha o3

beN

SolidWorks Content =
' Dumbbell SLDPRT olre = 5t D= fbrary N -
s HEee > QR AASNH-T 6 @ £ B 3 oo, | EIN
‘;—‘. =) ountainboar (=10] -
L ——, 7 Images S
) Dumbbell (25 Ibs.<<25 Ibs.>_P S5 L . <) -
- > _| . = essons
N Document Window [ p—— By
o} Annotations 1.0 Exercises -
3= Material <not specified> - Lesson02 E @
@ Front I Lesson(3 1
Q T.op I Lesson04 n 7
-5 Right -2 Lesson05
-1, Origin - Lesson06 *
j-@ Base-Extrude @ Lesson07 e
) Chamferl 7 Lesson0 1
-8 Bgs;-Extrudel - Lesson0s A
[ Mirror AllL I Mountainboard
] Training Template g -
B Toolbox = @ i
4 1 [3
.
B B
Dumbbell  Dumbell n |
Task Pane
® [ &
- +;
Paper Towel Exercises
Base 'T -
< i H *lsomatric (=2
Model [ Mofion Study 1 (&2
SolidWorks Education Edition - Instructional Use Only Editing Part [2] S)
| )

SolidWorks Document Windows

SolidWorks document windows have two panels. One panel provides non-graphic data.
The other panel provides graphic representation of the part, assembly, or drawing.

The leftmost panel of the window contains the FeatureM anagere design tree,
PropertyManager, ConfigurationManager and DisplayManager.

Mountainboard Design Project with SolidWorks 9
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1 Cl ICk e&:h Of the tabs at ( L5 Dumbbell SLDPRT |?||_E|||_23_I
the top of the left panel — - T Ty s
and see how thecontents | = Models
of the window changes. %Z";hb“w s lhen
The rightmost panel is E3-{A] Annotations

3= Material <not specified>

the GraphicsArea, where | % front
youcreateand = | S

Graphics
Area

..... %y Right
manipul ate the part, ._% mm R
assembly, or drawing. @) Chamferl
. £ @ Boss-Extrud
2 Look at the Graphics LB Mirror AllL
Area See.how the Left panel displaying
dumbbell isrepresented. | the FeatureManager : )\X
It appears shaded, in deS|gn. tree

Al Ll ' Flsometric

color,and inan iSOMELriC | ] mossi [HsionsuarT |
view. These are some of

the ways in which the model can be represented very realistically.

Task Pane
The SolidWorks Task Pane is awindow menu that contains < Design Library g
six or more panels: SolidWorks Resources, the Design CE
Library, File Explorer, View Palette, Appearances, Scenes ) SolidWorks Content "
and Decals, and Custom Properties. The panels are used to 7l Desgn Libray
access existing geometry. It can be opened/closed and D assemblies
moved from its default position on the right side of the =y :
interface. 2 e
LA Sheetmetal
Mouse Buttons P et
Mouse buttons operate in the following ways: 5 rouing g
O Left — Selects menu items, entities in the graphics area, . . .
and objects in the FeatureManager design tree. -/ -/ -/
fluid power hole patterns ~ keyways
0 Right — Displays the context-sensitive shortcut menus. e 5
_ , - - -
0 Middle— Rotates, pans, and zooms the view of a part or = T
an assembly, and pans in a drawing. aomE g

Mouse Gestures

Mouse gestures provide a quick way to invoke up to eight

different commands. They can be customized separately for b
sketches, parts, assemblies and drawings. To use mouse gestures, - \@)
right-click in ablank area of the graphics window and then drag
the mouse pointer over the desired command. & b4
oi q,
b3

Mountainboard Design Project with SolidWorks 10
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Toolbars

Toolbar buttons are shortcuts for frequently used commands. You can set tool bar
placement and visibility based on the document type (part, assembly, or drawing).

SolidWorks remembers which toolbars to display and where to display them for each
document type.

1 Click View, Toolbars.

A list of all toolbars displays. The
toolbars with a check mark beside them
are visible; the toolbars without a check
mark are hidden.

2 Click the toolbar name to turnits display on or off. If it is not already on, click View to
turn the View toolbar on.

Standard Views @
]

|

3 Turn several toolbars on and off to see the commands.

Adding Commands to Toolbars

Toolbars start with the most frequently tools on them, but you can customize each toolbar
by adding or removing commands as needed. To add additional commands, click Tools,
Customize. Select the Commands tab.

Commands are organized by categories. Select a category, then drag the desired command
to atoolbar.

Customize l P S

Toolbars | Commands | Menus I Keyboard I Mouse Gestures I Option5|

Categories:

Fiyout Toolbars o
210 ReGlRoE@® @R
Annotation PEEAAAdER R

Assembly

Blocks Ber@@bt@ae §&E

Curves
Dimensions/Relations “-mﬁ lE TE TE ggg %& @ E’Q E'JEJE ﬁ

Dt BHNARRY PO

Explode Sketch ow 30

Fastening Featurs B

Layout Tools

Line Format
Macro

Mold Tools

Quick Snaps
Reference Geometry
Render Tools
Screen Capture
Selection Fitter
Sheet Metal
Sketch
SolidWarks Office
Spline Tools
Standard
Standard Views
Surfaces

Table

Toolbox

Tools

Buttons

m

Select a category, then click a button to see its description. Drag the button to any toolbar.

Description

OK ][ Cancel ][ Help

Mountainboard Design Project with SolidWorks 11
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Heads-up View Toolbar

The Heads-up View toolbar isatransparent toolbar that & - o -
contains many common view manipul ation commands.
Many of the icons (such as the Hide/Show Itemsicon
shown) are Flyout Tool buttons that contain other
options. These flyouts contain asmall down arrow (s -|
to access the other commands.

Command Manager

The Command Manager is a multifunction toolbar. Its
contents can be adjusted quickly so that it may function
in place of severa toolbars.

When you click atab on the Command Manager, the CommandManager updates to show
that toolbar. For example, if you click Sketch tab, the Sketch toolbar appearsin the

CommandManager.
B o \-0-pn-i @ & F g
Sketch  Smart D Q\ @ |A| Convert g aaa Rapid

Dimension Entities Sketch

| Features | Sketch | Evaluate | Dlm)(pertl ffice Products
[ | Text
Sketches text, You can sketch bext on
faces, curves, edges, and sketch
Control Tabs et £ ToolTip

Arranging Toolbars

on the screen. If atoolbar displaysits || &-@- R LT IEBEE e

name, then it is floating and can be R B e A A S
positioned anywhere on the screen. If
atoolbar is positioned around the
edge of the screen and is not
displaying its name, it is docked. N

([§ Base-Extrude
&) Chamferl

Toolbars may be positioned anywhere Y SRR FIEY SRR

Standard Views =

BREEEEERE TR

(5 Boss-Extrudel
B Mirror AllL

Mountainboard Design Project with SolidWorks 12
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Position the Toolbars

Lesson 1: Using the Interface

To make sure everyone's view of SolidWorks is the same, we will
use the default setup of SolidWorks which uses the Command
Manager initial toolbars and their locations.

1 Click View, Toolbars.

2 Select the following toolbars:
« Command Manager
» View (Heads-Up)
« Task Pane

3 Clear the MotionManager.

Toaiel ¢PCEEST B EHE

Commandranager

Use Large Buttons with Text

20 ko 30
3Dcontral

Align

Annotation
Assembly

Blocks

Curves
Dimensions/Relations
Dimnxpert

Display States
Drawing
eDrawings 2005
Explode Sketch
Fastening Feature
Features

Formatting

4 The SolidWorks window should look like the image below.

-

M D @ - ﬁ - % - [”é} 'Ea l g + Dumbbell.SLDPRT * [@ Search files and models

D-2--8x%

Q6 Qs mE- @-

Standard oo B

..8= Material <not ¥gecified>
..... %y Front

..... & Top

..... %> Right

..... 1. Origin

[]--@ Basze-Extrude
4] Chamferl
-} Boss-Extrudel

!B Mirror AllL

A

*lsometric

o @ Swept Boss)gase = - Swept Cut @ e @ Rib E_i Wrap ‘@f
Extruded Revolved & Lofted Boss/Be | Extruded Hole Revolved m Lofted Cut | FR e % Draft a Dome RErem= Es >
- Pattern Geometry
Boss/Base Boss/Base Cut Wizard Cut
] Boundary Bo: ) Boundary Cut = = E Shell @ Mirror - -
Mold Ti B

Command Manager

SolidWorks Education Edition - Instructional Use O

Mountainboard Design Project with SolidWorks
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Shortcut Menus

Shortcut menus give you access to awide variety of tools

; ; ; Context @ @ le
and commands while you work in SolidWorks. When you Toolbar P |F &R 1 @-
move the pointer over geometry in the model, over items
in the FeatureM anager design tree, or over the R | Invert Selecion
SolidWorks window borders, right-clicking pops up a e o —
context toolbar and shortcut menu of commands that are Parent/Child..
appropriate for wherever you clicked. Clicking an item 1
will pop up a context tool bar. m‘;}r&c“t Add to New Folder

You can access the "more commands menu" by selecting

the double-down arrows[¥] in the menu. When you select
the double-down arrows, the shortcut menu expands to
offer more menu items.

The shortcut menu provides an efficient way to work
without continually moving the pointer to the main pull-down menus
or the toolbar buttons.

While the context toolbar makes more efficient use of space and
reduces mouse travel, it can be difficult to useif you are not familiar
with the variousicons. The shortcut menu can be shown, without the
context toolbar by customizing our setup.

Lesson 1: Using the Interface

“] | Feature Properties...

Change Transparency

m

ody Properties...

FeatureWorks...
Go To...

Create Mew Folder

Hide/Show Tree ltems...

Customize Menu

t& Invert Selection

Feature (Boss-Extrudel)
E¥ | Edit Sketch
@’ Edit Feature
lg Suppress
S | Rollback
Comment
Parent/Child...
|% Configure feature
K | Delete...
Add to New Folder
[ | Feature Properties...

Change Transparency

i
o

Body
& | Hide

@; Body Properties...
FeatureWorks...
Go To...
Create New Folder

(=], | Zoom to Selection

Hide/Show Tree Items...

Customize Menu

To remove the context toolbar and have all the commands
shown in the shortcut menu, click Tools, Customize. Clear

Zontext koolbar settings
Show on selection

Show in shortcut menu.

[ [ show in shorteut menu]

Note: The Customize menu isonly available when a
SolidWorks document is open.

Shortcut Key

Pressing the “S” key on the keyboard will access a customizable toolbar. Like mouse
gestures, thistoolbar is different for sketches, parts, assemblies and drawings.

Mountainboard Design Project with SolidWorks
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Getting Online Help

Lesson 1: Using the Interface

If you have questions while you are using the SolidWorks software, you can find

answersin several ways.

Note: If the Help button [ .| does not appear in the Standard
toolbar, you can add it. To do so, click Tools,
Customize, Commands, and the toolbar that you wish to
add the button to. In this case, click Standard. The
available buttons for that toolbar display. Drag the button
to the toolbar at the top of the SolidWorks window.

1 Click [2]-| or Help, SolidWorks Help Topics in the menu bar.

The online help appears.
2 Click f# on the PropertyManager.

Quick Tips

Quick Tips are part of the on-screen help
system. They provide guidance to users
unfamiliar SolidWorks by asking “What
would you like to do?’.

Clicking on the task you would like to
accomplish will cause the appropriate
commands to be highlighted.

Mountainboard Design Project with SolidWorks
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5 Minute Assessment — #1

1 Search for the SolidWorks part file Paper Towel Basse. How did you find it?

N

What is the quickest way to search for afile?

3 How do you open the file from the Search Results window?

4 How do you start the SolidWorks program?

a1

What is the quickest way to start the SolidWorks program?
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Lesson 1 Vocabulary Worksheet

Name; Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1

10

11

12

13

Shortcuts for collections of frequently used commands:

Command to create a copy of afile with anew name:

One of the areas that a window is divided into:

The graphic representation of a part, assembly, or drawing:

Character that you can use to perform wild card searches:

Area of the screen that displays the work of a program:

Icon that you can double-click to start a program:

Action that quickly displays menus of frequently used or detailed commands:

Command that updates your file with changes that you have made to it:

Action that quickly opens a part or program:

The program that helps you create parts, assemblies, and drawings:

Panel of the SolidWorks window that displays avisual representation of your parts,

assemblies, and drawings:

Technique that allows you to find all files and folders that begin or end with a specified

set of characters:

Mountainboard Design Project with SolidWorks
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Lesson 1 Quiz

Name; Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided or circle the answer as directed.

1 How do you start the SolidWorks application program?

2 Which command would you use to create a copy of your file?

3 Where do you see a 3D representation of your model ?

4 Look at theillustration (at right). What isthiscollection [sandard views
of frequently used commands called? ‘4,@@@@@@@@ @| % \

5 How would you find afileif you could not remember the whole file name?

6 Which command would you use to preserve changes that you have made to afile?

7 Which character helps you perform awild card search?

8 Circlethe cursor that is used to resize awindow. N (=
9 Circlethe cursor that is used to resize a panel. N @RS %
10 Circlethe button that is used to get online help. " @H 5 ol @

Mountainboard Design Project with SolidWorks 18
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Lesson Summary

O The Start menu is where you go to start programs or find files.
QO You can use wild cards to search for files.
O There are short cuts such as right-click and double-click that can save you work.

Q File, Save alowsyou to save updatesto afile and File, Save As alowsyou to make a
copy of afile.

0 You can change the size and location of windows as well as panels within windows.

a The SolidWorks window has a Graphics Area that shows 3D representations of your
models.
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Lesson 2: Basic Functionality

Goals of This Lesson

a Upon successful completion of this lesson, you will be able to understand the basic
functionality of SolidWorks software and create the following part:

Q Thispart isthe center anchor for each of the two bindings. The Mountainboard uses
two of these parts, one for each binding.

Before Beginning This Lesson

a Complete the previous lesson: Using the Interface.

Resources for This Lesson

This lesson plan corresponds to the following lessons in the SolidWorks Online Tutorial:

O Lesson 1 - Parts

0 Lesson 3 - Drawings

a Fillets

For more information about the Online Tutorials, See “Online TutorialsS’ on page 1.
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Review of Lesson 1 — Using the Interface

The interface is how you interact with the computer in the following ways:

0O 0O 0O 0O 0O 0 O O

O 0O 0O O

Use windows to view files.

Use the mouse to select buttons, menus, and model elements.

Run programs — like SolidWorks mechanical design software.

Find, open, and work with files.

Create, save, and copy files.

SolidWorks runs on the Microsoft Windows graphical user interface.
Click Start, and type afile name in the Search Box to find files or folders.
The mouse lets you move around the interface. Discuss the uses of :
Click

Double-click

Right-click

The quickest way to open afileisto double-click on it.

Saving afile preserves the changes that you have made to it.
SolidWorks windows display graphic and non-graphic model data.
Toolbars display frequently used commands.
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Outline of Lesson 2

Lesson 2: Basic Functionality

a In Class Discussion —The design process
« Stating goals
« Iterative nature of design

a Course Project Overview — The Mountainboard

+ Project goals
a In Class Discussion — The SolidWorks Model
» Parts
+ Assemblies
» Drawings

a Active Learning Exercise, Part 1 — Creating a Basic Part

+ Create aNew Part document

» Overview of the SolidWorks Window
+ Sketch aCircle

+ Add Dimensions

+ Changing the Dimension Values
+ Extrudethe first Feature

+ View Display

+ Savethe Part

+ Calculate the weight of the part
+ Extruded Cut Feature

« Mirror entities

+ Create dots

+ Round the Corners of the Part

+ Rotate the View

+ Savethe Part

+ Determine mass properties

0 Active Learning Exercise, Part 2— Create adrawing

+ Create aNew Drawing document

« Create Front, Top, Isometric and Section views

« Change drawing scale
+ Position views

O Exercises and Projects

Q Lesson Summary

Mountainboard Design Project with SolidWorks
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In Class Discussion — The Design Process

When starting a new design, it isimportant to state the objectives and scope of the project.
Thisis called product definition.

What is the final project to be and what elements make up the completed project? What
tasks need to be accomplished to reach the stated goals?
For example, if you were designing atoaster you might want to know:

+ How many slices must be able to be toasted at once?

+ What is the maximum amount of power it can consume?

+ How fast does it have to make toast? How do you measure this?

« How much can the toaster weigh?

+ What is the maximum price the toaster can be sold for?

+ How big can the toaster be?

» What manufacturing methods will be used.

+ Will renderings or animations be required to support the marketing operation?

If the goals are clearly stated, it is much easier to know when the design is successful and
how close you are to completion during the design process.

The design processisiterative in that you will rarely be able to go from ideato product in
one straight line. Parts created or decisions made later in the design process may cause
parts created earlier to be redesigned or modified.

Course Project Overview — The Mountainboard

Throughout the lessons of this course, we will be designing and analyzing a mountain
skateboard. Individual parts will be created and then assembled into several sub-
assemblies. Drawings will be created for several of the parts so that they can be
manufactured.

Once we have the parts and assemblies created, they need to be analyzed to make sure
they are strong enough to meet their intended use.

Using PhotoView 360 and MotionManager, we will make photorealistic images and
animations of the project to show off our work and prepare it for marketing.
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The Mountain Board

The finished mountain board is comprised of the deck, truck, axle assembly, wheels and
the bindings.

The Bindings

There will be two bindings, one right-
footed and the other |eft-footed. The
binding anchor will hold the binding to the
deck and allow for adjustment across the
deck aswell asrotation. The binding is
covered with arubber pad which is glued
to the surface.

The Deck

The deck is alaminated, symmetric piece
with holes to mount the two trucks and two
bindings. It must be flexible enough to turn
the trucks.

It will support an average rider of
75 kilograms but should be able to support
riders up to 100 kilograms.

The Truck and Axle

The truck and axle assembly connects the
wheels to the deck. It must provide a
dampened suspension system to cushion
the ride without allowing oscillations that
could make the ride unstable.

The suspension must be adjustable to be
ableto tailor theride to the weight and skill
of therider aswell astheterrain.

Mounting positions must be included for
the optional brake system.
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The Wheels

Each of the four wheel assemblies consists
of atwo-part plastic wheel with atire and
tube. Each whedl has two bearings.

Mounting positions must be included for
the optional brake system.

The Mountainboard

The completed mountainboard.
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In Class Discussion — The SolidWorks Model

SolidWorks is design automation software. In SolidWorks, you sketch ideas and
experiment with different designs to create 3D models. SolidWorksis used by students,
designers, engineers, and other professionals to produce simple and complex parts,
assemblies, and drawings.

The SolidWorks model is made up of:
a Parts

a Assemblies

a Drawings

A part isasingle 3D object made up of features. A part can become a component in an
assembly, and it can be represented in 2D as a drawing. Examples of parts are a bolt, pin,
plate, and so on. The extension for a SolidWorks part file name is SLDPRT. Features are
the shapes and operations that construct the part. Thefirst, or base, feature is the
foundation of the part and must always be created by adding material.

An assembly is a document in which parts, features, and other assemblies (sub-
assemblies) are joined (mated) together. The parts and sub-assemblies exist in documents
separate from the assembly. For example, in an assembly of an engine, a piston can be
mated to other parts, such as a connecting rod or cylinder. This new assembly can then be
used as a sub-assembly in an assembly of an engine. The extension for a SolidWorks
assembly file name is SLDASM.

A drawing is a 2D representation of a 3D part or assembly. The extension for a
SolidWorks drawing file name is SLDDRW.
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Active Learning Exercise, Part 1 — Creating a Basic Part

Thefirst part created will be the Binding
Anchor shown at right. We will use
SolidWorks to create this part.

Design Intent

Before starting on the actual stepsto create
the Binding Anchor, we need to
determine the design intent. Thisisalist of
requirements the finished part needsto
meet. Thedesign intent will tell uswhat the
finished part must be able to do.

0 TheBinding Anchor will position the binding on the deck.

O TheBinding Anchor must allow the binding to be positioned both along the
centerline of the deck as well as adjusting the angle to the deck to allow the rider to set
acomfortable stance.

0 TheBinding Anchor clamps the binding to the deck.
QO There must be no sharp edgesto injure arider.

The Binding Anchor will look like the drawing below. Step-by-step instructions are
given below.

3.500
L o) [}
P -0 -+
Y 2 )
RI\
0
0 3
.
/ 3
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Task 1— Create a New Part Document

1 Create anew part. Click

New |_E| on the
Standard toolbar.
The New SolidWorks
Document dialog box
appears.

2 Click the Training
Templates tab.

3 Select the Part_ MM
icon.

4 Click OK.

A new part document
window appears.

Lesson 2: Basic Functionality

f New SolidWorks Document Iﬁ‘
Training Templates
=ee
AltISO My template Part_IM Part_IM_for
with views graphics Preview
m Part_MM_for  Assembly_IN  Assembly_MM
graphics
i i
Assem_MM... Drawing
MNovice ] [ﬂ Tutorials] oK ] [ Cancel ] [ Help

Overview of the SolidWorks Window

When you create a new sketch:

0 A sketch origin appearsin the center of the graphics area.

0 “Editing Sketch” appearsin the status bar at the bottom of the screen.

O Sketchl appearsin the FeatureManager design tree.

Q The status bar shows the position of the pointer, or sketch tool, in relation to the sketch

origin.

Mountainboard Design Project with SolidWorks
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-

D - @' - ﬁ - %‘v m an l g ~  SketchiofPart2 * [@ Search files and models p v] 2 --0%

| =85 | (B @

e & N-@-pJ-i ﬂf 3 L\ Mirror Entities a + IT

St omenson | 1+ 2~ @ - Al i, TKe Ofeet HE teorsicuhpotem | PRSI repar | I51 | rand
@

Dimension
Entities ...
- @ & * -

pert | Render Tools | Office Products

g Move Entities - - -
Features | Sketch | Surfaces o Tools | Evaluate | D

NE QoS mEB F-or- @ RS- @v
Menu bar
Confirmation Corner / N

Command Manger Tabs
with sketch indicator

IR EY

Reference Triad
¥
I / Status bar

i

4 ] J 'l *Front

T2 77| _Model [ Wofion Study 1]
Under Defined  Editing Sketchl 2] &,

SolidWorks Education Edition - Instructional Use O 126.492mm  101.855mm  Omm i3
A

First Feature

The first feature requires:

a Sketch plane—Top

a Sketch profile— 2D Circle

O Feature type — Extruded boss feature

Sketching verses Drawing

The basis of most SolidWorks features is the sketch. Sketching is different from drawing
in that drawings are created to the correct size as the lines and circles are drawn on the
screen. With sketches, you only get the lines and circles close to their correct size.
Dimensions and relationships will be added to make the sketch the correct size.

Open a Sketch
5 Inthe FeatureManager design tree, select (click once) the Top plane.

6 Select the Sketch tab on the Command Manager.

29

Mountainboard Design Project with SolidWorks



SolidWorks Lesson 2: Basic Functionality
Engineering Design and Technology Series

7 Open a 2D sketch. Click Sketch I_Ej on the Command Manager.
The sketch opens on the Top plane.

Background
To maketheimagesin thiscourse easier to read, wewill usea  (g7m -
white background instead of the default. To change the 3 Point Beige
3 Point Blue
background scene, click Apply Scene |~ onthe Heads- 3 Point Faded

3 Point Green

up View toolbar and select the scene you want to use.

3 Point Orange
Backdrop - Ambient White

VieW Orientation Backdrop - Black with Fill Lights
Backdrop - Grey with Overhead Light
When we open a sketch for the first feature, SolidWorks will ey o
automatically change the view orientation to be normal to the Backdrop - Studio with FillLights

sketch plane. This makes it easier to see the sketch. Itislike soft Box

Soft Spotlight

looking straight down on a piece of paper. Soft Tent
Warm Kitchen
Confirmation Corner ] ﬁ,::ﬂ;;:'y
. R Courty:
When many SolidWorks commands are active, a symbol or a e
set of symbols appears in the upper right corner of the ;’*“: Space
. . . . . ooftop
graphics area. Thisareais called the Confirmation Corner. Pitch Black
Reflective Floor Black
Reflective Floor Checkered
Factory Floor
Dusty Antique

Misty Blue Slate

Strip Lighting

Light Cards

Grill Lighting

Traffic Lights
Ambient Occlusion
Kitchen Background
Courtyard Background

Sketch Indicator Factory Background
Office Space Background

When a sketch is active, or open, a symbol appearsin the V;
confirmation corner that looks like the Sketch tool. It provides avisua

reminder that you are active in a sketch. Clicking the symbol exits the sketch

saving your changes. Clicking thered X exits the sketch discarding your

changes.

When other commands are active, the confirmation corner displays two
symbols; acheck mark and an X. The check mark executes the current
command. The X cancels the command.

Sketch Entities

SolidWorks provides a variety of tools to create sketches. They can be found on both the
Sketch Entity menu and most can also be found on the Sketch toolbar.
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Sketch Menu

|_ Tools |

SolidWorks Explorer...

The Sketch Tools menu is found by clicking Tools,

. . . ‘ DriveWorksXpress...
Sketch Entities. All of the sketchtoolsarelisted in | & pewxpress..
the menu. B | simulationXpress...
£5: | FloXpress...
Sustainability...
Sketch Toolbar S—

The Sketch Toolbar contains most of the sketch
entities. It can be customized by adding or
removing buttons.

@| Select

»

Invert Selection

Power Select...

Compare L4
Find/Modify 2
Sketch Design Checker L4
i Feature Paint
o -
|EI| g Format Painter...
-EH-8 - [ - - - & %
N @-2-N-0-1 “A Sketch Entities N\, | Line
& ~ @ < ﬁ & EEE A = T Sketch Tools v 3 Rectangle
ﬁk "W Sketch Settings »| [ | Center Rectangle
- Blocks L4 Q 3 Point Corner Rectangle
]_,f - Spline Tools 4 ® 3 Point Center Rectangle
Dimensicns ¥ LF | Parallelogram
& Relations 4 Straight Slot
Centerpoint Straight Slot
A8 | Measure... ) B 3
. @ 3 Point Arc Slot
Mass Properties... .
§ i X @ Centerpoint Arc Slot
[£4] | Section Properties...
olygon
@ Polyg
Check...
Geometry Analysis... @ | circle
Us | Feature Statistics... (3 | Perimeter Circle
z Equations... f‘;} Centerpoint Arc
_ ) D | Tangent Arc
Import Diagnostics... -
_ £y | 3 Point Arc
Deviation An
Thickness An ¢ | Ellipse
Symmetry Check... ¢+ | Partial Ellipse
R U Parabola
DimXpert 4 :
r\J Spline
Macro L4 : Spline on Surface
Add-Ins... r\t Equation Driven Curve
Customize... # | Point
=] | optiens... E Centerline
- A | Texdt.
Customize Menu
-1 | Plane
Command Manager Toslie
&% | Belt/Chain
Selecting the Sketch tab on the Command Manager
will display the sketch tools.
E 'y g N-@ - a3 i} 3 L\ Mirror Entities
Exit Smart A Trim  Convert gom . Display,Delete E
Sketch | Dimension 0- ‘Q} o @le A Enfities Entities O\ =c aag Lnear Sketch Pattern M Relations )
Entities .- Sketch
o . @ - o* . . ¥n .
| Features | Sketch | Evaluate | DimXpert | Office Products |

Task 2 — Create the first sketch

The first feature will be a short cylinder, 75mm in diameter and 3.5mm thick.

The Circle

Thecircle tool I_@ | creates 2D circles. Using the mouse, press the left mouse button at the

location for the center of the circle, then (holding down the left mouse button) drag until
the circleis approximately the correct size. Release the left mouse button.
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1 Click the Circle tool |_@ | from the Sketch toolbar. The curser will show that the circle

tool is active by displaying a circle under the drawing tool % .

2 Move the cursor over the origin until an orange circle appears. Thelittle
yellow icon below the drawing tool will show that we are going to make the
center of the circle coincident with the sketch origin.
© «

3 Presstheleft mouse button and drag the circle until it
isjust about 32mm. The cursor feedback will show
the radius of the circle.

R = 32.045

R = 3532045

Dimension the sketch

To make the circle the correct size, we will add a diameter dimension to the sketch.

4 Click Smart Dimension |_§_| on the Sketch toolbar. The cursor will look like this,

%@ indicating that the dimension tool is active.

5 Click on thecircle, then move the cursor to the O
right and up on the screen. The preview g
dimension and witness lines will be visible.
Click to set the dimension location. T

Click here first

Click here to position
the dimension

<
6 Input the dimension by typing 82 in the Spin 1 Modify 53 ), Spin Box
Box. Click ¥ to accept the dimension. = T
Spin boxes are used to input numerical data. FERRRRRRRRRRERRRRRREF T

They are called spin boxes because the numbers =
can be spin up or down using the arrows on the v X 87

right. =
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Sketch Status

Sketches are normally fully defined before creating a feature with them. To be fully
defined, the sketch geometry must be geometrically defined and positioned.

0 To be geometrically defined, there must be enough dimensions and/or relationships to
keep the size and shape of the sketch from changing if we try to drag it.

0 To be positioned the sketch must also have dimensions or relationshipsthat keep it from
moving.

Sketch Color
The color of the sketch entities shows the status of the individua entity.
Blue - Under defined
Black - Fully defined
Red - Over defined

Extrude

Once the sketch is completed, it can be extruded to create the first feature. There are many
options for extruding a sketch including the end conditions, draft and depth of extrusion,
which will be discussed in more detail in later lessons. Extrusionstake placein adirection
normal (perpendicular) to the sketch plane.

Task 3 — Extrude the first feature
Extruding the 2D sketch will produce a 3D solid. In this case, we will make a short
cylinder.
1 Select the Features tab on the Command Manager.

Click Extrude Boss/Base |__| on the Features

toolbar. The model will reorient to the Isometric
view and show a preview of the extrusion.

2 Preview graphics.
A preview of the feature is shown at the default
depth.

A handles appear that can be used to drag the preview to the desired depth. The current
depth of the preview can be seen in the PropertyManager.

Mountainboard Design Project with SolidWorks 33



SolidWorks

Engineering Design and Technology Series

Lesson 2: Basic Functionality

3 Inthe PropertyManager, change the settings as shown.

4 Create the extrusion. Click OK.

- End Condition = Blind

L]

%,

(Depth) = 3.5mm

4

. The extrusion now becomes

asolid and a new feature, Extrudel isdisplayed in the
FeatureManager design tree.

TIP:

The OK button |«

on the PropertyManager is just one

way to complete the command.

A second method is the set of OK/Cancel
buttons in the confirmation corner of the

graphics area.

A third method is the right-mouse
shortcut menu that includes OK, among

other options.

ﬁ{% Select Other
Zoom/PanfRotate L4

oK
3 | Cancel

Blind

Through Al

Up To Vertex

Up To Surface
Offset From Surface
Up To Body

Mid Flane

Clear Selections

Redraw

Customize Menu

Blind Extrusions

BD e 7|
R &
From A
Sketch Plane -
Direction 1 A
| 7. | [Blind -
v
& 3.500mm T
D1 -
Draft outward
Direction 2 ¥
Thin Feature ¥
Selected Contours ¥

Blind extrusions take the 2D sketch and move it, some specific distance, normal
(perpendicular) to the sketch plane.
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FeatureManager design tree

This extrusion is the first feature of our part. The
FeatureManager design tree shows this feature by type and
with a default name Boss-Extrudel.

The sketch of the circle (Sketchl) islisted under the
feature. It is said to be absorbed by the feature.

View Display

Lesson 2: Basic Functionality

S EREE >
T .

% Partl (Default)
.| &3] Sensors
+{_£| Annotations

----- 3= Material <not specified>

----- Q Front
..... Q TDFI
- % Right

The View toolbar provides a quick method to change the way the model is displayed on
the screen. It provides one set of tools to Zoom, Pan and Rotate the model view and
another to change the way the model is displayed. In most cases, models are created in
Shaded view because it most closely resembles the real world.

View
QO WBEB-F -0 - @R -
The Head-up View toolbar also 3, 0, %S MR- 6 @ £ - Ei-
providesthe samefunctions. To change =
the view, click the Display Style [~ ,.
pull-down list. =]
@
\@
[
[
Change the display mode. Click U
Hidden Lines Visible ()| on the View toolbar. i "‘-“r:>_\

Hidden Lines Visible allowsyou to easily select hidden
back edges of the part.

Save the Part

k |

Save your work frequently. If you have acomputer problem, you may loose everything

you did since the last time you saved your work.

5 Click Save |[zl| on the Standard toolbar, or click File, Save.

The Save As dialog box appears.
6 TypeBinding Anchor for the filename.
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rw Save As &11

@-\:J-v| . €« Mountainboard » Binding - | +4 | | Search Binding o

Organize v New folder Bz - @
J Lessons i MName
. Mountainboard
1 At Mo items match your search.
. Binding
. Hardware
. Parts
| Spring Assembly
., Wheel Assembly

, Training Templates | <1 [1[} 3

File name: -

Save as type: IPart(*.pr‘t;*.sIdprt] -

Description: Add a description

= Hide Folders [ Save l I Cancel ‘

7 Savethefileto the folder Binding found under SolidWorks Curriculum and
Courseware_2011\Mountainboard Design Project\ Mountainboard.

8 Click Save.
The sldprt extension is automatically added to the filename.

Thefileis saved to the current folder. You can use the Windows browse button to
change to a different folder.

Note: All thefiles we create of the Mountainboard project should be saved in the
appropriate folder under the folder ...\SolidWorks Curriculum and
Courseware_2011\Mountainboard Design Project.

Changing views

The Standard Views toolbar or the Heads-Up View toolbar make it easy to change your
view of the model by simply clicking on the view you would like to see.
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Heads-up View Toolbar
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2, @ Q% B@F- oo @ 2 E-
View Orientati% e @‘@\ _I?rllrrnneettrrllcc
Top / Isometric
Left / (5 =8
Front B8 08 \ Back
Normal To
Bottom Right
Standard Views Toolbar
Standard Views

NEEEEETTILIR

Top
Right
Left
Back
Front

Mouse Gestures

Mouse Gestures can also be used to
access the different views. The tools
available through Mouse Gestures can
be customized to show either four or
eight tools. The tools available will
also depend on whether you arein a
sketch, part, assembly or drawing.
Shown are the default Mouse Gestures
for a part.

&

Bottom

View Orientation
Dimetric
Trimetric
Isometric

Normal To

& &

&

9 Change the view of the model to the Bottom view. Click I_E_I on either the Standard

Views or Heads-up View toolbar.
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Task 4 — Add a second feature
The second feature will be another cylinder, slightly smaller than the first.

1 Change the display mode back to shaded. Click Shaded With Edges | on the View
toolbar.

2 Select the bottom face of the cylinder. It will turn blue to show that it is selected.

3 Start a new sketch by clicking the Sketch I_Ej on the Sketch toolbar or pop up toolbar.

4 Select Circle I_@ | on the Sketch toolbar.

5 Draw acircle, dightly smaller than the size of the cylinder.
It does not have to be centered on the cylinder. Thecircleis
blue, indicating that the sketch is Under Defined.

Task 5 — Adding sketch relationships

Sketch relationships are used to force a behavior on a sketch
element to capture design intent. Some are automatic, others can be added as needed.

When adding relationships, only those relationships that are appropriate for the sketch
entities selected will be shown in the PropertyManager.

1 Click Add Relation I_l_i on the Sketch toolbar. Add Relation will appear in the
PropertyManager.

Note: When using the Command Manager, [ & |
click Display/Delete Relations, BT
then select Add Relations from the \—‘

drOdeWI’] Ilst. ) ﬂi Display/Delete Relations
| J:_ Add Relation
E Fully Define Sketch

2 Select the circle and the edge of the cylinder. Select Y_—>
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3 Click Concentric inthe Add Relations box. Then

click OK |« |. Thecirclewill moveto aposition whereitis Selected Entities

centered on the cylinder. Callouts will show on the sketch
to show the relationships.

b3

Existing Relations
J:_ Concentric

b3

6 Under Defined

Add Relations

b3

|'\‘_\‘| Coradial
|O\| Tangent
©| Concentric

|?| Equal

Callouts

Callouts provide adisplay of existing conditions. The relationship callouts show which
relationships exist and between which sketch entities.

Task 6 — Dimension the circle

The concentric relationship defines the position of the circle, but it is still blue (under
defined) because it doesn’t have a dimension for its diameter.

1 Click Smart Dimension @| on the Sketch toolbar.

2 Click on the circle, move the cursor to the right the click again to set the dimension
position.

3 Type 75 for the value. Click |« |. Thecircle

will now be black to show that it isfully
defined.

Status Bar

The status bar, located at the bottom right of the v X 8=
graphics window will also show the state of the

sketch. [FijBed]

Change the viewpoint

When creating the first feature, our viewpoint
was automatically changed to the Isometric view. After the first feature, we must change
the view to best see the preview of the new feature.
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Task 7 — Extrude the second feature

1 Change the viewpoint to Dimetric by clicking I@_l on the Views Orientation tool bar.

2 Click Extrude on the Features toolbar.
3 Select Blind for the type of extrusion.

4 Type3mm for the depth. Check the preview shown
in yellow. It shows that material will be added to
the bottom of the first cylinder.

5 Click |+ .

Task 8 — Cut arecess in the top of the part
Materia needsto be removed from the top of this part to:

0 Reduce weight. Each part must be designed to be as light as possible so that the
assembled mountainboard is not too heavy to be carried.

O Lower the tops of the screws used to bolt this part to the deck. Thiswill reduce the
chance of anything (pants leg, shoe laces, etc.) getting caught on the screw heads.
Removing material by extruding a cut

Material can be added or removed by extrusion. The process to add or remove material
works the same in that you start by creating a 2D sketch. That sketch is then moved
normal to the sketch plane. If you are creating a boss, the enclosed volume is added to the
part. If you are creating a cut, the enclosed volume is removed from the part.

1 Orient the part to the Top view by clicking |_@_| on the Views Orientation toolbar.
2 Select the top face of the model, and click Sketch I_E_I to start a new sketch.

3 Click Circle I_@ | on the Sketch toolbar.

4 Draw acircle from the center of the top face. Make its radius about 30mm.
5 Dimension the circle to be 63mm in diameter.

6 Reorient the model to the Isometric view.

7 Click Extruded Cut |_@_| to use the circle to cut away some material.

8 Check the preview, by default, cuts go into the P
existing part.

9 Type3mm for the depth.
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10 Click v . The Cut Extrude command removed a
cylinder shaped volume from the part.

Calculating the weight of the part

In any design, it isimportant to keep track of the weight of each individual part. In the
case of the Mountainboard, if the individual parts become too heavy, the total weight of
the board may exceed a reasonable weight to be carried up the hill.

The weight of the part can be calculated by multiplying the volume of the part by the
density of the material.

O Weight = Volume x Density

Calculate the volume

Thetotal volume isthe sum of the volumes created by the two extrudes minus the volume
of the cut.

0 Total Volume = Volume of each of the two extruded cylinders - volume of the extruded
cut

0 Volume of acylinder = Area of the circle times the cylinder height = Pi timesthe
diameter squared divided by 4, times the cylinder height = (Pi * D%/4) h

0 Total Volume= (3.14 * 822/ 4)(3.5) + (3.14* 752/ 4)(3) - (3.14* 632/ 4)(3) =
18,483.56 + 13,253.60 - 9,351.74 = 22,385.42 cubic millimeters
Find the density

The density of engineering materials can be found in many ways. There are numerous
engineering handbooks or several sites on the internet. One such site is MatWeb
(www.matweb.com).

TheBinding Anchor will be made from 2014 Aluminum. Using MatWeb, the density for
2014 Aluminum is 2.8 g/cc. There are 1000 cubic mm in 1 cc, so the density would be:

2.8 g/cc x .001 cc/mm = .0028 g/mm3

Calculate the weight

Weight = Volume x Density = 22,385.42mm?® x .0028 g/mm?® = 62.68 grams (2.21 0z).
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Task 9 — Create the screw slots

To make the position of the binding adjustable, the e
binding anchor will have four slots. These will allow

the position of the bindings to be moved along the

centerline of the deck.

The slots are symmetrical, so we will use afunction 7
called mirroring to make sure the slots always remain
symmetrical if we later need to change their size.

Create a sketch
1 Select the face of the part created by the cut.

2 Open asketch by clicking |_E_| on the Sketch toolbar.

3 Change to the Top view by clicking |_@_| on the View
Orientation toolbar.

The Sketch Mirror tool

Mirror Entities I_E_I and Dynamic Mirror Entities I_E_I create symmetric relationships
between sketch entities about a centerline. The Dynamic Mirror Entities command can be
used while sketching and the Mirror Entities after sketching with the same final results.

Lines and Centerlines

The Linetool draws straight lines. If the lineis vertical, the cursor will show ayellow
callout | toindicatethat aVertical relationship will be added. If the lineis horizontal,
the cursor will show an = to indicate that aHorizontal relationship will be added.

Centerlines are construction geometry. They are used to position other entities but do not
result in features.

While you are sketching, the callouts will beyellow | =, indicating which relationship
will be added when you release the mouse button. The green callouts show relationships
that have been added |l B5.

Note: The color of the callouts indicating existing relationships, green in this case,
can also be cyan. Their color depends on the color scheme chosen in the
SolidWorks Options.

Create a centerline

4 Click Centerline I:I on the Sketch toolbar.
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5 Sketch avertical Centerline from the sketch origin. e
The length is not important. Make sure the cursor

displaysa | ,indicating aVertical relationship will
be added.

6 Click Dynamic Mirror Entities |£x| on the Sketch
toolbar. A pair of parallel marks will appear at each
end of the centerline to show that we are in the
mirror mode.

7 Sketch avertical line to one side of the centerline. T T

As soon as you finish drawing the line, amirror image will be
drawn automatically on the other side of the centerline.

The callouts will show that a symmetric relationship has been d d
added between the endpoints of each line. +
- |
! o]
1 | = Dl
Arcs i‘
There are three tools provided to create arcs: 2

Tangent Arc I_Ej — Adds atangent relationship to the entity itis
sketched from.

Center Point Arc I_Ej — Defined by a center point and aradius.
3 Point Arc I_@j — Defined by two endpoints and a radius.
The choice of arc tools depends on the geometry that needs to be created.

Add an Arc

The sketch of the dot is composed of two straight lines and two arcs. The arcs must be
tangent to both lines.
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8 Click Tangent Arc the Sketch toolbar.

9 Placethe cursor over the end of the right
vertical line and drag an arc up and around to
the right until you get cursor feedback
showing you have gone 180 degrees.

There will be three indicators that you have
gone 180 degrees:

+ A blue dashed line (inference line) from
the center of the arc

+ The angle symbol )v;-)\ A under the

drawing tool
+ The arc degree feedback (A=180)

When you release the mouse button, a
second symmetric arc will be drawn
automatically.

10 Draw another vertical line, from the end of
the arc, vertically downward until you get an
blue inference line from the bottom end of
thefirst line.
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11 Finish the sketch with another Tangent Arc.
12 Turn off the sketch Dynamic Mirror Entities
tool by clicking |_E_| on the Sketch tool bar.

1
ﬁeﬁ-ﬁé R =4.345

L

Review the progress

With sketch mirroring turned on, each entity we drew
had a mirrored entity drawn on the other side of the
centerline. The symmetric relationships added my the
mirror tool will make these sketch elements retain the
symmetry we desire.

Callouts show that the arcs are tangent to the two lines
it connectsto B and symmetric to the other arcs and

centerlines & . The numbers next to each symmetric
relationship show the pairs of symmetric elements.

With al the symmetric relationships, the number of
callouts displayed may make the sketch elements hard to see, so we can turn them off.
Turn off the callouts

To toggle off the callout display of existing relationships, click View, Sketch Relations
from the menu. This command is atoggle that turns the callouts on or off.

13 Click View, Sketch Relations.
14 Turn off the callouts by clicking View, Sketch Relations.

Mirror after sketching

Mirrored entities can also be created after creating sketch entities. To mirror after
sketching, select the centerline about which you want to mirror and all the entities you
want to mirror.

To mirror after sketching, click Mirror Entities |_£_|.
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Task 10 — Mirror the two slot sketches

To complete the pattern of slots, mirror the two slots across a horizontal centerline.

1 Sketch ahorizontal centerline from the origin to the
right.

2 Click Mirror Entities on the Sketch toolbar.

3 Turn off the Centerline tool | i | by clicking on the
tool again.

4 Select the four lines and four

arcs as the Entities to mirror. ¢ R 4=

Select the horizontal centerline  [messsse 4]

for the entity to Mirror about. e g
mirror about

Make sure you do not have the

vertical centerline selected.

Entities to mirror:
. — Line2
Click v . A Line3 A/E
o Line4
Line5 S
Copy

Mirror about:

5 We now have a sketch that will
cut the four dots.
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View Relationships
6 Click View, Sketch Relations.

The callouts show that the all the arcs are tangent to
the two lines they connect to g and symmetric to
the other arcs and centerlines & . The numbers next
to each symmetric relationship show the pairs of
symmetric elements.

7 With this many symmetric pairs, the number of
callouts can make it difficult to see the sketch. Turn
off the callouts by clicking View, Sketch
Relations.

Test the relationships Drag thi

All four slots sketches should have symmetric
relationships. Anything done to one slot should be
mirrored into the other sketches.

8 Drag the point shown. All four slots should change
shape together.
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Task 11 — Add dimensions

Lesson 2: Basic Functionality

To fully define the sketch, we must add dimensions to position the slots and define their
size. Even though we only drew one of the dlots, the dimensions can be on any of the slots.

1 Add dimensions to the upper right slot as shown.

To add the 16mm dimension, select the two arcs,
not the vertical line.

2 Add dimensions as shown to the upper left slot to
position it.
Both of these dimensions go from thelower arcto
one of the centerlines.

3 Fully defined. The sketch geometry should now
be all black, showing that the sketch isfully
defined.

Task 12 — Create the cuts

The four slots must cut completely through the
Binding Anchor. When we create the cut, it must
be done so that if we need to change the thickness of the material later in the design
process, the slots do not have to be redone.

1 Click Insert, Cut, Extrude from the menu.

2 Click Iﬁl on the View toolbar to change the view to Isometric.

3 From thelist in the PropertyManager select Through All. [Ccutextrude 7|
v R 63
Through All - a
The end condition Through All will make the cut go through all [ethpene -]
the geometry. If, when we later analyze the part for strength we Direction A

determinethat it needsto thicker, wewill not haveto redo theslots |[%/[mownar ——— +]

because they will go through the entire part, no matter how thick it |~
is.

Flip side to cut
@

Draft outward
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4 Complete the cut. Click v .

Renaming Features

All the features shown in the FeatureM anager design tree can be renamed. Renaming
features can make them easier to locate as the parts become more complex.
There are three methods to rename features:
+ Click-Pause-Click. Click on the feature name, Pause, Click the name again, type
the new name
+ Click on the feature name, press F2, type the new name

+ Right-click the feature name and select Properties. Change the namein the
Properties dialog box

Task 13 — Rename the slots
1 Inthe FeatureManager design tree, click once on Cut-Extrude?, YUt Extrude?
thisisthe slotswe just created.

2 Press F2. The feature name now has a box around it and a flashing =T
CUrsor.

3 TypeRounded Slots for the new name. = (@l Rounded siots]_]
4 The feature has now been renamed to something more descriptive. [J ' ounded Slots

Notice that the feature's icon does not change. The |_@_| shows that
thisfeatureisaCut-Extrude.
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Filleting

Filleting refers to both fillets and rounds. The distinction is made by the geometric
conditions, not the command itself. Fillets are created on selected edges. Those edges can
be selected in severa ways.

Both fillets (adding volume), shown in red, and rounds (removing volume), shown in
yellow, are created with this command. The orientation of the edge or face determines
which is used.

Fillet

Rounds

Original shape Fillets and Rounds added

Task 14 — Round an outside corner

All the existing edges in this model are sharp. To meet our design intent, al the exposed

edges need to be rounded.

1 Click Fillet on the Features toolbar.

2 Select the edge shown. Select
this
edge
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3 Type1.5mm for thefillet radius.

4 Thefollowing should be set by default. If not, change them as
follows:

« Manual

+ Fillet Type- Constant radius

« Tangent propagation - Selected
« Full preview - Selected

5 Preview. Once Full preview is selected, the
outline of the fillet will be shown in yellow.

Thefillet radius will be shown in a callout,
attached to the edge. Click v .

Task 15 — Add afillet to the inside edge

1 Click Fillet on the Features toolbar.

2 Select the edge shown. Select
this
edge

3 Type 1mm for thefillet

radius. v %
4 Click v .Theinsideedge | [ wes | meseer |
now has afillet. Fillet Type A
(@ Constant radius
() Variable radius
() Face filet

() Full round fillet

Items To Fillet A

}\ 1.000mm 5

@ Edge<1>

Multiple radius fillet
Tangent propagation
@) Full preview

() Partial preview

() No preview

Mountainboard Design Project with SolidWorks
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& Fillet 7

R

o) reeet |

FilletType &
( @ Constant radius. )

(7 Variable radius

() Face filet

() Full round fillet

Items To Fillet A

1.500mm -
5- =

Multiple radius fillet

Tangent propagation
@) Full preview

() Partial preview
() No preview
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Editing Features

After afeatureis created, it can easily be changed. For the extrudes and cuts we made,
each end condition or depth could be changed to reflect changesin our design intent, or

changesrequired by later analysis.

For thefillet just created, we could add additional edges to the feature or change the fillet

radius.

To edit afeature, right-click the feature either in the graphics area or FeatureM anager

design tree and select Edit Feature.

Task 16 — Edit the Fillet
1 Inthe FeatureManager design tree, right-click the feature Fillet&
and select Edit Feature from the Context toolbar.
SolidWorks can be customized to show the Context tool bar with a
text menu below it or just atext menu.

The PropertyManager will now show the same information as
when we first applied the fillet.

2 Select the edge shown. Select

Edit Feature

t& Invert Selection

Feature (Fillet2)
@ Edit Feature
lg Suppress
S | Rollback
Comment
Parent/Child...
|% Configure feature
K | Delete...
Add to New Folder
4 | Feature Properties...

& | Change Transparency
Body
& | Hide
Body Properties...
FeatureWorks...
Go To...
Create New Folder
(=], | Zoom to Selection

Hide/Show Tree Items...

Customize Menu

Note: One of these edges will require around while the other
will require afillet. Both are being done in the same
command.

Mountainboard Design Project with SolidWorks

52



SolidWorks Lesson 2: Basic Functionality
Engineering Design and Technology Series

3 Once selected, the preview will show that the
edge will be rounded as part of the Fillet2
feature. Click v .

4 Save the part.

How much does it weight now?

The same principle used earlier of adding and subtracting volumes still applies, however it
IS now more complicated.

The volume removed by the slotsis not
too difficult as the area of each slot can
be thought of as arectangle and circle

O O
/

Thefillets are more complicated. The

two rounded corners are each part of atorus (donut). /®

The volumes of the rounds are parts of the torus. The section
views at right show what the two would look like. The volumes
are not one-quarter of the volume of thetorus. The equationsto L
determine their volumes are available in both engineering and
mathematics handbooks.

The inside corner fillet is even more complicated but still
solvable by looking up the equation.
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Using SolidWorks To Get The Weight
Rather than manually solve for the volume of our part and lookup the density of the
material, SolidWorks provides tools to solve for the volume and weight of the part.
Add Material

SolidWorks provides alibrary of materialsthat can be assigned to parts. Once amaterial is
applied, it will be used by SolidWorks to calculate the weight of the part.

Adding material to apart also changesitsvisua properties (what it looks like) and graphic
properties like the crosshatch used in drawings.

The material assigned to the part can also be used for stress analysis and for photorealistic
rendering.

To assign aMaterial to a part:

- Click [¥2] on the Standard toolbar.

» Click Edit, Appearance, Material in the menu.
+ Right-click Material in the FeatureM anager design tree and select Edit Material.

Task 17 — Add material to the part

We are going to manufacture this part from Aluminum 2014.
1 Click Edit, Appearance, Material from the menu.
The Materials Editor will open.
2 Click the Plus sign next to Aluminum Alloys to expand the list.
3 Select 2014 Alloy.
Select Metric (MKS) for Units.
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Examine the Physical Properties. Density islisted as .0028 g/mm3. Thisisthe same

value we determined earlier.

Note: Certain graphics cards support Real View advanced
graphics visual properties. To find out if yours does,
consult the Help documentation inside SolidWorks.

p
Material

S

El@ Aluminium Alloys

3= 1060 Alloy

3= 10s0-H12

3= 1060-H12 Rod (55)

3= 1060-H14

3= 1060-H16

--3= 10s0-H18

3= 1060-H18 Rod (55)

8= 1060-0 (35)

3= 1100-H12 Rod (55)

3= 1100-H16 Rod (55)

3= 1100-H26 Rod (55)

.32 1100-0 Rod (55)

8= 1345 Alloy

32 1350 Alloy

gE 201.0-T43 Insulated Mold Casting (S5)
3= 201.0-T6 Insulated Mold Casting (S5)
--#= 201.0-T7 Insulated Mold Casting (S5)
3=

§E 20140

3= 201474

3= 201476

gE 2018 Alloy

3= 2024 alloy

.-3= 2024 alloy (3N)

§E 20240

3= 202473

8= 20247361

3= 202474

3= 22150

m

1

Properties |Appearance I CrossHatch I Custom I Application Data Favorites|

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

[ [ Metric (vks) ~| ]
Aluminium Alloys
2014 Alloy
Defined
Property Value Units. J/ -
Elastic in X T44388.3 | kgfl ll
Poisson's Ration in XY 0.33 [
Shear in X" 285518, gficm"2
Mass Density 0.0028 " | ka/em*3
Tensile Strength in X 1687.06 | kgflcm"2 £
Compressive Strength in X kgflem™2
Yield Strength 58412 kgficm"2
Thermal E ion Coefficient in X | 2.3e-005 | /°C
Thermal C: ivity in X 0.382409 | cal(cm-sec-°C)
Specific Heat 229.445 | call(kg-"C)
WMaterial Damninn Ratin NIA S

4 Click Apply and then Close to apply the material.
The material is now listed in the FeatureManager design

tree.

Mass Properties

% Binding Anchor
[A] Annatations

3=

2024 Alloy

|£| Lights, Cameras and Scene

Physical properties of apart can easily be calculated using the Mass Properties tool. This
tool will not only calculate the volume and weight of the part, but many other properties
needed during the design and analysis of a part.

To calculate Mass properties:

« Click Tools, Mass Properties from the menu

« Or, click |_£_| on the Tools tool bar
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Task 18 — Determine The Weight

1 Click Tools, Mass Properties from
the menu.

The Mass Properties box will appear.

The Volume is calcul ated to be

19,765.727mm? and the Massis
55.344 grams.

When we calculated the weight earlier
it was 62.68 grams. Thiswas before we
removed material with the four slots
and two rounds.

2 The Center of Massisthe balance point
of the part. If we could suspend the part
at this point, it would not want to tip
over.

The center of massis displayed
numerically in the box and graphically
by apurpletriad.

Center of Mass

Mountainboard Design Project with SolidWorks
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B Mass Properties

[E=NEE)

[ Print... ” Copy ” Close ” Options... ” Recalculate ]

Output coordinate system: - default -- -
BindingAnchor . SLDPRT

Selected items:

Indude hidden bodies/components
Show output coordinate system in corner of window
|:| Assigned mass properties
Mass properties of BindingAnchor in work ( Part Configuration - Default ) -
Qutput coordinate System: — default —
Density = 0.003 grams per cubic millimeter
Mass = 55,344 grams
Volume = 19765.727 cubic milimeters
Surface area = 11801.277 square milimeters
Center of mass: ( milimeters )
¥ =0.000
¥ =-0,183
Z =10.000
Principal axes of inertia and principal moments of inertia: { grams * square milimeters )
Taken at the center of mass.
Ix = (1.000, 0.000, 0.000)

Ty = (0.000, 0.000, -1.000)
Iz = (0.000, 1.000, 0.000)

Px = 26521.926
Py = 27145.211
Pz = 53319.807

Moments of inertia: ( grams * square milimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lix = 26521926 Lxy = 0.000 Lxz = 0.000
Lyx = 0.000 Lyy = 53319.807 Lyz = 0.000
Lzx = 0.000 Lzy = 0.000 Lzz = 27145.211

Moments of inertia: ( grams * square milimeters )
Taken at the output coordinate system.

Do = 26523.730 Iy = 0.000 Ixz = 0.000

Iyx = 0.000 Iyy = 53319.807 Iyz = 0,000

Izx = 0.000 Izy = 0.000 Izz = 27147.065 -
4| i b
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Change Units.

The_units for the Binding Anchor part arein _ o Prom— =0
millimeters, grams, seconds, so the mass properties Unit
displayed in millimeters and grams. If we need the mass Sﬂ'endﬁﬁc Netaton
. . . . . Use document settings
properties in different units, such asinch, pound, second, || , oo
the COﬂVGfSI On |S SI mpl e Length: Decimal places:
3 Click the Options button. e x] 2 B
4 Select Use custom settings. Select: pownds  ~]
Per unit volume:
+ Length - Inches ndes’s v
A M ass - POU ndS Material Properties
« Per unit volume - inches”3 -
Accuracy level
Lower (faster) Higher (slower)
U
[ OK ] | Cancel | | Help |
5 Click OK. Qutput coordinate System: - default —

Density = 0,101 pounds per cubic inch

Note: The units have only been changed in this Mass = 0.122 pounds
output. The part still uses millimeters as
the unit of length

Volume = 1. 206 cubic inches

Surface area = 18,292 sguare inches
6 Click Close to close the Mass Properties. R S

7 Save the part. X =0.000
Y = -0.007

£ =0.000
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Active Learning Exercise, Part 2 — Creating a Drawing

Lesson 2: Basic Functionality

Drawings are one way to communicate a design to the shop that will manufacture the part.

SECTION A-A
e e ™ ™ SolidWorks
mohEighy s (R Binding Anchor
- [ A
Task 1— Create a New Drawing Document
When a part is open, we can create a drawing directly from it.
1 CreaIe anew dral\ll ng f New SolidWorks Document &11
Click Make Drawing
from Part/Assembly (i[=l=]

|__| on the Standard
toolbar.
The New SolidWorks
Document dialog box
appears.

2 Click the Training
Templates tab.

3 Sedlect the A-Scalelto?
icon.

4 Click OK.

A-Scalelto?  B-Scalelto4 Drawing

Preview

] [‘q Tutarials ]

[ MNovice

)

OK ] [ Cancel Help
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Overview of the SolidWorks Drawing Window
0 A new drawing sheet appearsin the graphics area.

O Thetoolbars used in the drawing process are displayed as new tabs on the Command
Manager.

a “Editing Sheet1” appearsin the status bar at the bottom of the screen followed by the
drawing scale.

O Sheetl appearsin the DrawingManager.
O The View Palette opensin the task pane.
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Smart od | I Linear 9 " weld bol Blocks Ba " Tables
Dimension Model Spel Fo!'mat Mote Note. . AutoBalloon /7 Weld Symbol Datum Feature Area ) Centerline
Items | Checker Painter B Hatch/Fill
= = /1 Revision Symbal Y& Hole Callout @ Datum Target = -
View Layout | Annotation | Sketch | Evaluate | Office Products | A x|« View Palette )
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[ sheett View Layout
-- Sheet Formatl

Options
[ Import &nnotations
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Drimpert Annaotations
Include items from hidden features

Auto-start projected view

W\ Drawing Sheet :
\ [ Dirag views onto drawing sheet

Drawing Manager

View Palette =——————p- -
_— =
%W gyEont @) Top @
Binding An
SWE [WC. WO —_— _ (
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Create Three Standard Views

Most part drawings contain the three standard views: Front, Top, Right. All three views
can be created with a single command.

In the United States, the standard three views follow the conventions for Third Angle
projections. The views are created as you would see the model as viewed from the Front,

Top, or Right.

/

Third Angle
Projection

’ Top View
— Right @
[ ]

Front View Right View

iy

In other parts of the world, the standard is First Angle projection. With First Angle
projections, the view is projected on a plane behind the model.

First Angle
Projection Frait

O

S 5

[ ]
Right View Front View

Top View

Top
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5

Lesson 2: Basic Functionality

Note: In the following steps and all drawings created in this course, the paper
background used in the default drawing templates has been removed. Thisis

done to make the drawings easier to view and print.

Insert amodel view.
Drag the Front view

from the View
Palette onto the
drawing sheet and
dropit approximately
in the position
shown.

Oncethefirstview is
dropped, we can add
any projected view
by moving the cursor
in the directions we
want to project and

= — _..“;_,_,,.._. 5
al o
| i
[ Sl e
|'- [rprperr———
r® —
(A)Ton  (A)Rgre
“Back eht
O e
“Bottom *Cumen
= SolidWorks
Binding Anchor PRES
A

dropping the new
view.

[ s

fcskwrs i aton Edar - Iretractea Lim Coty

TNl 37 CHem e Lo Calred  Edirg et |13 1] ¥

Move the cursor

vertically from the Front view and the
Top view will appear. Drop the Top view
in the approximate position shown.

Movethe cursor diagonally away from the
Front view, up and to theright to create
an Isometric view.

Click OK « to finish adding views.

Note: The geometry of this part
would make aRight view
redundant, so we did not add
one.
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View Properties

The properties for each drawing view can be set differently. When we first create a
drawing view, it will have the properties set by the drawing template. Once aview is
created, we can select the view and change individual propertiesfor just this view.

10 Select the Isometric view. In the PropertyManager set the Display  [oesier stvie
Style to Shaded With Edges. [luseparentstyle

11 Select the Front view. In the PropertyManager set the Display @~ L—————
Style to Hidden Lines Visible.

»

Sheet Properties

Sheet properties control the setting for the drawing sheet. They can be used to change the
size and scale of the sheet as well as setting the type of projection to be used.

The default scale of the drawing template was 2 to 1. This makes the drawing views too
small for the drawing sheet.

Task 2 — Adjust the sheet scale

1 | n the DraIVI ngM anmer' rl ght- ( Sheet Properties &11
click Sheetl and select -
. H Name: Sheetl Toen e Mext view label: A
Properties from thelist. First angle
Scale: 1 | ) @) Third angle Mext datum label: A
2 Changethe Scaleto 1to 1. —
3 Cl | Ck OK. @ Standard sheet size Preview
| Only show standard format
A1(I50) Reload
A2 (150)
A3 (150)
A4 (150)

C:\Program Files\SolidWorks'y Browse...

/| Display sheet format

Custom sheet size

Use custom property values from model shown in:
|Default - OK. ] | Cancel

4 Examine the drawing, the
view now fit the sheet better, but they are
not in the correct position.

Solidworks

Binding Anchor
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Task 3 — Adjust the views
After adjusting the scale of the views, the individual views may no longer be in the correct
location on the sheet. We can easily adjust their positions.

Moving Views
Views can be moved by simply dragging their borders.

When moving views, alignment between the Front and Top views will be maintained
automatically.

1 Movethe Front view. Move the cursor
over the Front view. When it changes

to Q e press the left mouse button and

drag the view. As you drag the Front
view, the Top view will also moveto
stay aligned about the Front view.

2 Movethe Top view. When you drag the
Top view, it isonly permitted to move
vertically as it must maintain its
alignment to the Front view.

3 Click Save. The default name of the
drawing will be Binding
Anchor.slddrw, the same name as the part, but with the extension for a drawing.

Section Views

Section views are used to show the detail at some point inside the model. The model is
sectioned using a cutting plane and the unused section is removed. The exposed surfaceis
then cross-hatched with a pattern that designates the material.
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4 Create a section view from the Top view. Click Section View i_E_i on the Drawing
toolbar or the View Layout tab of the Command Manager.

The Line tool will become active.

5 Draw avertical line through the Top view at its
center.

6 Move the cursor to theright of the view. The
section view will move with the cursor. Click the
sheet where you want to drop the section view.

SECTION A-A

first available letter, in thiscase “A” and the
section view will be annotated “ Section A-A”
N SECTION A-A

torelate it to the section line. -—k_/(

7 The section line will be annotated with the +) ) g
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Lesson 2: Basic Functionality

8 Adjust the views on the page by dragging them into the positions shown.
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3
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[X=FYITR
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SolidWorks
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Binding Anchor
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9 Save and Close the drawing.
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5 Minute Assessment — #2

Lesson 2: Basic Functionality

1 How do you start a SolidWorks session?

2 Why do you create and use Document Templates?

3 How do you start a new Part Document?

4 What features did you use to create the Binding Anchor?

5 Trueor False. SolidWorks is used by designers and engineers.

6 A SolidWorks 3D model consists of

7 How do you open a sketch?

8 What does the Fillet feature do?

9 What tool calculates the volume of a part?

10 What does the Cut-Extrude feature do?

11 How do you change an existing feature?

Mountainboard Design Project with SolidWorks
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Exercises and Projects

The following exercises provide additional practice in sketching and creating smple
extrudes and cuts.

Exercise 1: Sketching Lines

Create this part using the information and dimensions provided.
Sketch and extrude profiles to create the part.

Thislab reinforces the following skills:
a Sketching.

o Dimensions.

0 Extruding afeature.
1 New part.
Open anew part using the Part_IN template.

2 Sketch. [ 2.500 ——‘
Create this sketch on the Front Plane using
lines, automatic relations and dimensions.
135°
Fully define the sketch. 100°
1375 ="
4000
3 Extrude.
Extrude the sketch 1" in depth, [\2_500

4 Save and Close the part.

§ 1.000
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Exercise 2: Sketching Lines with Inferences

Create this part using the information and dimensions
provided. Sketch and extrude profiles to create the part.

Thislab reinforces the following skills:
a Sketching.
a Dimensions.
a Extruding afeature.
1 New part.
Open anew part using the Part_IN template.

2 Automatic relations.

Create this sketch on the Front Plane using lines
and automatic relations. Show the Perpendicular

and Vertical relations. =
[
3 Dimensions.
- - - -‘_—_‘-\-‘\
Add dimensions to fully define the sketch. 75.00° /‘(
1.000

3.000

\

4 Extrude.
Extrude the sketch 0.5”.
5 Save and Close the part.
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Exercise 3: Sketching Horizontal and Vertical Lines

Create this part using the information and dimensions provided.
Sketch and extrude profiles to create the part.

Thislab reinforces the following skills:
a Sketching.
a Dimensions.

a Extruding afeature.
1 New part.
2 Open anew part using the Part_ MM template.

3 Sketch and extrude.

Create this sketch on the Front Plane
using lines, automatic relations and
dimensions. Extrude the sketch 20mm in
depth.

4 Save and Close the part.
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Exercise 4: Sketch Practice

Create the part shown. Start on the Front plane.

Exercise 5: Multiple Bosses

Create the part shown. Start on the Top plane.
Use Mirror Entities to create the second
cylindrical boss.

The base and cylinders are extruded to a
depth of 0.5 inches. Corner fillet radiusis
0.25 inches.

@1.00

1.00

-—1.00 j
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Exercise 6: Angles

Create this part. Start on the Front plane. Extrude it to
0.25 inches thick.
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Exercise 7: Bracket

Create this part using the information and
dimensions provided. Sketch and extrude profiles
to create the part.

Thislab reinforces the following skills:
a Sketching
0O Bosses

O Holes

Design Intent

The design intent for this part is as follows:

O The bossis centered on the rounded end of the base.

a The holeisathrough hole and is concentric to the boss.
Use the Part_MM template.

Dimensioned View

Use the following graphics and the design intent to create the part.
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Asan aid to constructing this part, visualize how
it could be broken down into individual features:

@

Exercise 8: Basic Drawing

Create an A-size drawing of the Bracket part created in the previous exercise.

Include a Front, Top, Right and Isometric views, Third Angle projection.

UMIESS Q1 WER® BESPEC FED: e D IE H
DMEHSITHE & B IW [MCHES DRed SOIIdworks
i e
AMCUIAT MACHE  LEHD [APEp—
[ H
e i Bracket_&
rrrrrrrrrrrrrrr Q.
TEakChE PIE CowEHIS:
SEE DWG. MO, REY
uuuuu
azv =
Arrucancy 0D 4D 2T DEan T SCALE 1:2 WEIGHT. SHEET1 CF 1

5 L 3 2 1
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Lesson 2 Vocabulary Worksheet

Name; Class: Date:

Fill in the blanks with the words that are defined by the clues.

The corner or point where edges meet:

The intersection of the three default reference planes:

A feature used to round off sharp corners:

The three types of documents that make up a SolidWorks model:

Controls the units, grid, text, and other settings of the document:

Forms the basis of all extruded features:

Two lines that are at right angles (90°) to each other are:

Thefirst featurein apart is called the feature.
The outside surface or skin of a part:

© 00 N oo o b~ W N P

=
o

A mechanical design automation software application:

[N
[N

The boundary of aface:

[EnY
N

Two straight lines that are always the same distance apart are:

Two circles or arcs that share the same center are:

Ay
w

[y
N

The shapes and operations that are the building blocks of a part:

Ay
()]

A feature that adds material to a part:

Ay
(]

A feature that removes material from a part:

Ay
~

Animplied centerline that runs through the center of every cylindrical feature:
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Lesson 2 Quiz

ty

Name; Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1 You build parts from features. What are features?

2 Name the features that are used to create the Binding Anchor in Lesson 2.

3 How do you begin a new part document?

4 Givetwo examples of shape features that require a sketched profile.

5 Give an example of an operation features that requires a selected edge or face.

6 Name the three documents that make up a SolidWorks model.

7 What isthe default sketch plane?

8 What is aplane?

9 How do you create an extruded boss feature?

10 Why do you create and use document templ ates?

11 What is a section view?
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Lesson Summary

Lesson 2: Basic Functionality

a SolidWorks is design automation software.

0 The SolidWorks model is made up of:
- Parts
+ Assemblies
» Drawings

0 Features are the building blocks of a part.

O Theweight of apart isits volume times the material density.

0 Drawings are used to communicate the design to the shop.

0 The views most commonly used to describe a part are:
+ Top View
» Front View
+ Right View
+ |sometric View

Mountainboard Design Project with SolidWorks
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a Studentswill be able to create and modify the following part:

Before Beginning This Lesson

a Complete the previous lesson: Basic Functionality.

Resources for This Lesson

This lesson plan corresponds to the following lessons in the SolidWorks Online Tutorial:
O Lesson 1 -—Parts

a Sheet Metal
0 Assembly Mates
For more information about the Online Tutorials, See “Online TutorialsS’ on page 1.

Mountainboard Design Project with SolidWorks 77



SolidWorks Lesson 3: Basic Parts — The Binding
Engineering Design and Technology Series

Review of Lesson 2: Basic Functionality

Questions for Discussion

A SolidWorks 3D model consists of three documents. Name the three documents.
Parts are built from features. What are features?

Name the features that are used to create the Binding Anchor in Lesson 2.
What is the base feature of the Binding Anchor?

Why did you use the Fillet feature?

How did you create the Base feature?

o o A~ W N P
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Outline of Lesson 3

Lesson 3: Basic Parts — The Binding

O Active Learning Exercise, Part 1— Creating a part
a Active Learning Exercise, Part 2 — Create an assembly
O Exercises and Projects

O Lesson Summary

Mountainboard Design Project with SolidWorks
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Active Learning Exercise, Part 1 — Create a Part

Follow theinstructionsin thislesson to
create the Binding Base Plate. The
Binding Anchor created in the last
lesson will fit into the large holein the
center to hold the Binding Base Plate
to the deck of the Mountainboard.

225
o
g

3z

DETAIL A
SCALEZ:1

~ [aﬂ:.] ( .'&'Qb. )A
o | e |

120

:
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Design Intent

a Therewill betwo versions of this part, one for the left foot and mirror part for the right
foot.

a The part will be held in place by the Binding Anchor created in the last lesson.
a Thefront and back of the part will curve upward.

a Sidetabswill help hold the foot centered on the binding.

0 The sidetabswill have slots to attach the flexible straps that go over the foot.

The Modeling Approach

The Binding Anchor, created in the previous lesson, was created by adding material on
top of material to get the basic geometry. For the Binding Base Plate, the approach will
be to create an oversized block of material and use a “cookie cutter” to cut away the
material around the final part.

Task 1— Create the First Feature

Create a new part using the template Part-MM.slddot.
Create a sketch on the Top plane.

Click View, Sketch Relations to make the callouts visible.

From the origin, create a vertical and horizontal line as shown. The
vertical line should be about 200 mm and the horizontal line 75 mm.

A W N P
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5 Create another horizontal line from the end of the vertical line. —_
Make this line about 35mm.

6 Create aline from the end of the first horizontal line. Make sure
that thislineis NOT vertical.

Tangent Arc

Tangent Arcs are used to create an arc that begins tangent to a selected endpoint on the

sketch.
7 Click Tangent Arc (D) on the Sketch toolbar. Drag 10 e
- . . h /,..f
8 Draw an arc from the endpoint of the angled line to the ere ya
end of the top horizontal line.

| +

\ Start here

9 Check the relationships of the arc. There was a tangent =
relationship added between the arc and the line where the arc
started.

Not Tangent

® <®—— Tangent
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10 Add atangent relationship. Notice that there is no tangent
relationship between the arc and the top horizonta line. The
automatic tangent relationship is only added to the starting end

of the arc. To test this, drag the left end of the upper horizontal
lineto the left.

If atangent relationship isrequired at the finish end, it must be
added manually.

Adding Sketch Relationships

The Add Relation tool |_£_| alows us to add relationships to

Lesson 3: Basic Parts — The Binding

\

No tangency

geometry after it has been created. Only relationships that are appropriate for the selected

geometry will be shown.

11 Click |_£_| on the Sketch toolbar.
12 Select the arc and the upper horizontal line.

13 Theonly two choices available are Tangent and Fix asthese are

the only two relationships that can be established between an arc
and aline.

Mountainboard Design Project with SolidWorks
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14 Click Tangent @ The arc and upper horizontal line are

now tangent. Check the relationships by dragging the same
point asin the earlier step. The tangency will be maintained.

15 The callouts will show that the arc is now tangent at both
ends. .

16 Fully define the sketch by adding the dimensions shown. [.L.
17 All the sketch geometry should now be black.

18 Extrude the feature. Click on the Features toolbar.

225

19 CreateaBlind Bo

extrusiontoadepth |v % &
Of 25m m. From &
Direction 1 P
(=]
4 I
\(f;‘ 25,000mm -
@ -

Draft putward
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Flip Side To Cut

Normally, we use the Extruded Cut to remove the material inside a sketch. It can also be
used to remove all the material outside a sketch. Thisislike using a cookie cutter where
we are interested in keeping the shape inside the cutter. Selecting or clearing Flip Side To
Cut determinesif the material inside or outside of the sketch is removed.

v R 6

From A

Sketch

Sketch Plane -

Direction 1 ]
4 I
w5

[oraft outward

Flip Side To Cut - Cleared Flip Side To Cut - Selected

Task 2 — Cookie Cutter Cuts
To get the shape we are interested in, we will use an Extruded Cut that will remove the
unwanted material from our base feature.
Changing View Orientation

Isisfrequently easier to sketch when looking directly at the sketch plane. To change the
view orientation to look directly at the sketch plane, select the sketch plane then click

Normal to on the Standard Views toolbar.
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Create a Sketch
1 Select the face shown and open a new sketch. Select this face T
2 Change the view so that you are looking normal to the

sketch plane. Click |_£_| on the Standard Views
tool bar.

3 SelectthelLine I_S_I tool.
4 Position the cursor over the lower edge of the part.

When you are over the edge, the cursor feedback will be . Thisis the feedback for
coincident, meaning you are on the edge. Sketch alineto the right.

[ ] [ ]
5 AddaTangent Arc. Draw atangent

arc from the right endpoint of the line
to the midpoint of the right vertical A= 24.17° R = 142.544
edge.

When the cursor is over the right . s
vertical edge, the midpoint will be
displayed with a square with two

diagonal lines * . Once the arc is drawn there will be a midpoint relationship &
established with the right vertical line.

6 AddaTangent Arc from the left end of the line to the midpoint of the left vertical edge.
7 Dimension the sketch as shown.

k > xw 1"
40 f @ 65

|

Offset Sketch Entities

The Offset Entities tool is used to make a copy of sketch entities, or edges, offset from
the original by some specified distance.

8 Click any of the three sketch entities.
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9 Click |§| Offset Entities on the Sketch toolbar. Select Chain wlx-
will be selected by default, thiswill select all sketch entities that — .
are continuously connected to the one we sel ected. & 2o "
| Add dimensions )
Reverse
| Select chain
Bi-directional
Make base
construction
Cap ends

10 Type3mm for the offset. Select Reverse, if necessary, to make the preview appear
above the other sketch entities.

L__ > x 1"

40 ﬁ &5

|

Click OK. Each arc and the line are duplicated at an offset distance of 3 mm.

Close the Sketch

The sketch must be closed to extrude the cut. Add two lines to connect the ends of the
arcs. These lines need to be perpendicular to the arcs. This means that the lines must point
through the centers of their respective arcs.

11 Draw alineto connect the ends of the two arcs on the | eft. _ Draw this line
The line should become fully defined (black).

40 *

Mountainboard Design Project with SolidWorks 87



SolidWorks Lesson 3: Basic Parts — The Binding
Engineering Design and Technology Series
12 If the line does not become fully defined, add a + 2

relationship to make the line perpendicular to the arc.

Because we cannot add a perpendicular relationship

between the arc itself and the line we will add a

coincident relationship between the line and the

centerpoint of the are. By basic geometry thiswill

make the line perpendicular to the arc.

/

40 ¥
13 Click Add Relation |_£_| on the Sketch tool bar. ——

14 Whenever the PropertyManager or a dialog box has an entry box
colored in the light blue color shown at right, anything selected in
the graphics area will be entered in the box.

15 Select the arc centerpoint and the line.

16 Click [£] to add a Coincident relationship. The line will now be black asit is fully
defined.

17 Repeat the procedure to close the sketch between the arcs on the right.

»

Cut to the Outside

The Extruded Cut command can either cut what is enclosed by the sketch or everything
outside the sketch.

18 Click Extruded Cut |_@_| on the Features tool bar.

19 Select Through All for the end
condition.

20 By default, the cut will remove the
material inside the sketch.
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21 Select Flip side to cut. Now [Erre—mme
the cut will keep the material |v % &

that isinside the sketchand  |[from A
remove the material that is
outside the sketch. Direction 1 A

Plrrs

s I
Flip side to cut

@ :

Draft putward

22 Click OK. P

The material remaining is our i Ny
curved base plate.

23 Save the part to the folder
Mountainboard Design
Project\Mountainboard\
Binding folder.

Task 3 — Creating the Side Tabs

The two side tabs provide the mounting locations for the binding
straps that go over the riders foot. They must be offset from the base
plate to allow for the thickness of the strap. They must also be a
uniform thickness as the final product will be cut from flat material
and bent into the final shape.

Create First Offset

1 Select the face shown and open a sketch.
2 Change the view orientation to Normal To

Select this face

by clicking I_E_I on the Standard Views
toolbar.

3 Select the Rectangle tool I_Q_I from the
Sketch toolbar.

Select Corner Rectangle [ corrmer Rectangle for the Rectangle Type in the
PropertyManager.

The Rectangle tool draws a rectangle with two lines horizontal and two vertical.
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4 Start the rectangle with a coincident relationship ) )

to the bottom edge of the Binding Base Plate. / @
<
N

Drag the rectangle until you get a coincident
relationship with the top edge. O«

5 Add dimensions.

The two coincident relationships control the height and vertical position of the
rectangle. To make it fully defined, only awidth dimension and a single positioning
dimension are need.

Add the two dimensions shown.

\ - 25

120 [

6 Extrude the sketch to ablind depth of 4mm.

Create the tab

7 Create a new sketch on the new Sketch face PR
face created by the offset. —

8 Sketch arectangle. Start the
rectangle at the lower left corner of the
offset. The cursor feedback will show the H

yellow coincident callout « toindicatewe
are on the endpoint of the edge.

rd

® = 22,943,y = 30,205
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9 Add arelationship. Click Add Relation [k on the Sketch

toolbar. Select the right vertical line of the sketch and the
right vertical edge of the offset.

10 Click ,* Collinear and click OK.

11 Therectangle will now stay the same width as the offset.
12 Dimension the height of the rectangle to 32mm.

13 Extrude the sketch, Blind to a depth of 3mm.

Select

Task 4 — Binding Attachments

The binding strapswill attach to the base plate through two curved slots. The slots need to
be curved to allow the binding straps to rotate as the foot is pushed into the binding.

1 Select the outside face of the tab and , e
Select this face D

open a sketch.
2 With the outside face of the tab still

selected, click [L].

Zoom to Selection

To get acloser ook at a selected item,

click Zoom to Selection I_%_I onthe

View toolbar. Thiswill make the selected
entity fill the graphics area.

3 Zoom in on the selection by clicking Zoom to Selection I_%_I.

Sketching the Slots

The two slots are symmetrical. To create them, sketch one and mirror it get the second.

4 Create acenterline. Start the centerline at the midpoint of the top edge and make sure it
isvertical.

5 To mirror as we sketch, click Dynamic Mirror
Entities I_E_I on the Sketch toolbar.

Centerpoint Arc

Drawing the Centerpoint Arc isatwo step process. You
first drag from the center of the arc to the start point of
the arc. Release the mouse button, then press and drag
the length of the arc.

. — — — — —— —

6 Select the Iél Centerpoint Arc from the Sketch
toolbar.
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7 Start the arc from the centerline and drag the radiug/
start point as shown.

8 Release the mouse button. Thiswill be the point where
the arc begins.

9 Pressthe mouse button and drag until the arcisas
shown, then rel ease the mouse button.

10 Draw another centerpoint arc using the same
centerpoint. This makes the arcs concentric.

11 Draw Tangent Arcs to close up the sketch. Add
Tangent relationships to make sure al the arcs are
tangent to the arcs they are connected to.

TIP:  Toggleon Sketch Relations to makeit easier
to check the relationships.

12 Turn off Dynamic Mirror Entities.
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Dimension the Sketch

13 Add the Dimensions shown.

= 6
>

Dimension Alignment

To create the 6mm dimension between the arcs, pick the arcs on each end of the slot. As
you drag the cursor, the dimension preview will show:

Vertical dimensions Horizontal dimension Aligned dimension

6.749

— |2 =

To lock in the dimension alignment you want, click the right mouse button to set it. The

3.180

cursor T} shows that clicking the right mouse button will lock the alignment. Once

the dimension alignment is locked, the cursor changes to T} , to show that you can

now unlock the dimension alignment by clicking the right mouse button. Once locked,
the alignment of the dimension will stay active no matter where you then move the
CUrsor.
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14 Extrude acut. Select Up To Next.

The end condition Up To Next
will extrude the cut until it
reaches the next surface that
intercepts the entire profile. In
this case it isthe inside face of
the tab. In some cases, such as
this, more than one end condition
will produce the same results but
for different reasons. We could
have used Through All and still
had the same resullts.

Task 5 — Create the second tab

Create another tab on the other side of
the Binding Base Plate. Create the
offset feature on the face shown.

Sketch on this /
face 4

Position the offset 70mm from
the vertex shown.

P

25 70

Bends

This part will be manufactured from aflat piece of metal. It will first be cut to shape, then
the tabs will be bent, followed by the front a back curves. Because the part will be
manufactured from a single piece of metal, the model must have a uniform thickness.

We could add the bends manually using fillets.

If we add a4mm fillet to the lower edge of the
tab. \ \

This edge
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The profile of the tab shows that the thickness is no longer uniform.
We must add afillet to theinside edge of the tab at the correct radiusto
keep the material uniform.

To calculate thefillet radius:

Theradius of theinside fillet = radius outside fillet - materid
thickness. &y

0O Radius jgge = Radius g t5ge - Thickness
0 Radiusigge=4-3=1mm
If we applied a 1mm fillet to the inside edge.
The finished bend would now a uniform thickness.

Rl

Sheet Metal

SolidWorks sheet metal functions can create bends from existing square corners and
calculate the correct amount of material needed to cut the flat blank.

Parts can be flattened to show the correct flat pattern.

Note: Parts must be a uniform thickness in order to insert bends. Thisis consistent
with the process in the shop as the part will be made from a single piece of
material that is a consistent thickness.

Task 6 — Add bends

As stated earlier, this part will be created from a single piece of flat metal. Using the Sheet
Metal tools, we will add bends to this part so that it can be flattened to determine the size
of the blank that will need to be created.

1 Select the top flat face of the
Binding Base Plate. Thiswill be
the face that will be fixed. All the
bends will moverelativeto this
face.

2 Click Insert, Sheet Metal, Bends
from the menu.

Select this face
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3 Set the bend radius. Change the Bend Radiusto 3mm, whichisthe
material thickness.

L eave the remaining option as shown.
4 Click ¢ .

5 Sheet Metal Features. Four new features are added to the
FeatureManager design tree:

O Sheet-Metall contains the sheet metal definitions such as the
bend radius we entered in the last step.

O Flatten-Bendsl createsaflat pattern or the part.

W R’
Bend Parameters

@ Face<1>

N .
\(}\ 0.000mm
D1

/| Ignore beveled faces

K+Factar hd

K 05 =

Tear hd

b3

Bend Allowance A

¥| Auto Relief A

Sheet-Metall
+ mﬁ Flatten-Bends1
+ ﬁ;ﬂ Process-Bends1
- B8 Flat-Patternl

O Process-Bendsl contains the information to bend the flat pattern into the final part.

O Flat-Patternl also creates aflat pattern of the part. Note that it is gray in color
indicating that it is suppressed. This means that the feature is not in use.

Rollback

The model can be rolled back to a previous state by moving the rollback bar at the end of

the FeatureManager design tree.

To rollback the FeatureManager design tree, move the cursor over the rollback bar (the
line that is normally at the bottom of the FeatureManager design tree). The cursor will

change to ahand g, then drag the rollback bar to the desired position.

6 Inthe FeatureManager design tree, move the cursor over the
rollback bar and drag the rollback bar to a position between
Flatten-Bends1 and Process-Bendsl1.

The part will flatten.

Working With The Flattened Part

Features can be added to the flattened part
just as they can with the bent up part.

Features added in the flattened state
usually equate to machining that would be
done before the part is bent in the shop.

Mountainboard Design Project with SolidWorks
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Task 7 — Add Fillets

The sharp corners need to be rounded both to make the part ook better and for safety
reasons.

1 Add 15mm fillets to the corners
shown.

2 Add 6mm fillets to the corners of the
tabs as shown.

3 Add 2mm fillets to the corners
shown.

4 Bend the part by moving the rollback bar
to the end of the FeatureManager design
tree. The part will bend to itsfinal shape.
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Task 8 — Center Hole

To hold the Binding Base Plate to the deck, it will have a hole into which fits the
Binding Anchor created in the last |esson.

This hole would be created before the part was bent as it is much easier to clamp the part
for the drilling operation when the part is flat.

1 Rollback the part to before Process-Bends1.

Note: Rollback can also be done through the right mouse button
menus. Right-click on Process-Bends1 and select
Rollback

2 Create a sketch on the top face of the part. Sketch a
circle and dimension it as shown.

Note: We are cutting the hole just
dightly larger than the size of the
boss on the Binding Anchor
part. We want thefit tight, but not
so tight that it is hard to assemble.

Q

N

3 Extrudeacut. A Cut-Extrud
Now that the part has been turned into sheet metal by the Insert ~ |¥ * &
Bends command, a new end condition appears called Link To from A
Thickness. This makes the cut depth the same as the material, et
even if the material thickness changes. |‘i*e|c“°“1 A
2
Note: Link To Thickness isonly availablein parts that ” |:|
have been turned into sheet metal parts by the —
process of Insert Bends or Base Flange.
@
Draft outward

4 Bend the part. Right-click the
feature Process-Bends1 and
select Roll To End.

Thisisjust another way to move
the rollback bar.
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Task 9 — Attach Material

Because we are concerned with the overall weight of our product, material should be
attached to each part as we build them, thiswill make it easier to check the weight of the
entire product as we assembleit.

1 Attach the aluminum material 2014 Alloy to the part. Either click Edit Material |_E_|
on the Standard toolbar or Edit, Appearance, Material from the menu.

2 Inthe Materials Editor, expand the Aluminum Alloys category by clicking the plus
sign.

3 Select 2014 Alloy and click OK.

4 Save the part.

Active Learning Exercise, Part 2— Create an Assembly

Assemblies show the relationships between the various parts. We will create an assembly
of the two parts of the Binding that we have made so far. Later, we will add additional
components.

Task 1— Create an Assembly

1 To create anew assembly, click Make Assembly from Part/Assembly |_ﬁ_| on the
Standard tool bar.

2 % eCt the ternpl ate ( MNew SolidWorks Document &11
ASSGmb].y_MM and Training Templates
click OK. N @3
Because we selected to pssembly, IN
make an assembly, only Freview
assembly templates are
shown.
MNovice I I‘q Tutorials] oK ] I Cancel I I Help

Mountainboard Design Project with SolidWorks 99



SolidWorks Lesson 3: Basic Parts — The Binding
Engineering Design and Technology Series

3 Insert Component isautomatically
activated by SolidWorks when we open
anew assembly. Thisisdonejust to save
time. We only have onefile open, soitis
automatically selected and a preview of
the part is attached to our cursor. The
part will move with the cursor.

If the part was not open, we could select
the Browse button to locate it.

Note: If you do not see the preview graphic when your
cursor isin the graphics area, select Graphics
preview in the PropertyManager.

Options =

Start command when creating
niew assembly

Graphics preview )

4 Placethe part by moving the cursor to the assembly Origin. When the cursor isover the

Origin, it will changeto %3 . Click on the Origin to place the part.

Position of the First Component

Theinitial component added to the assembly is by default, Fixed. Fixed components
cannot be moved and are locked into place wherever they fall when you insert them into

the assembly. By using the %3 cursor during placement, the component’s origin is at the

assembly origin position. This also means that the reference planes of the component
match the planes of the assembly, and the component is fully defined.

Degrees of Freedom

There are six degrees of freedom for any A
component that is added to the assembly beforeitis
mated or fixed: transation along the X, Y, and Z
axes and rotation around those same axes. How a
component is able to move in the assembly is
determined by its degrees of freedom. The Fix and
Insert Mate options are used to remove degrees of
freedom.
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The Assembly Window
The Assembly window looks very much like the part window except that the menu items

change to those functions appropriate to creating and using assemblies. There will be
some different toolbars as well.

@SnlidWorks . O-2-FH-%-9 '_l B = E - Assem4 * [bSearch files and models o v| ? - - 0O XK
2 & B @ 2 g 8 & » ® ¥ yv 03

d
Insert Linear Move Assembly Reference

Edit Mate Smart Show Mew Billof | Exploded Expl.ode Instant3D
Component e RrEnE Eomas Fasteners (T R Hidden FELEE (ESnE Motion | Materials View Line
- - - Components - - Study Sketch
Assembly | Layout | Sketch | Evaluate | Render Tools | Office Products | g %
- =5 "

Qe AR B P oo @R H-

(T~

W @ Assernd (Default<Default_Di:
@ Sensors

: [A] Annotations

%> Front Plane

> Top Plane

> Right Plane

I.. Origin

%Q (f) Binding Base Plate inw

4 Ll ' Flsometric
(404 v v [ Model | Motion Study 1
Displays a cutaway of a part or assembly using one or more cross section planes. Fully Defined  Editing Assembly 2]

Task 2 — Inserting Parts Into an Assembly
Parts and assemblies can be added into an assembly in many ways.
0 From the menu, click Insert, Component, Existing Part/Assembly.
0 Drag apart or assembly from an open window into the assembly window.
a Drag apart or assembly from Windows Explorer into the assembly window.

0 Drag apart of assembly from the Design Library or File Explorer in the Task Pane into
the assembly window.

0 Drag apart or assembly from a 3D Content Central or other web pagesinto the
assembly window.
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Assembly Toolbar

The Assembly toolbar contains commands specific to working in assemblies.

Assembly @

YN L L B L EFEETTI Y

o Bh =] e
2 0« J = 2 u &8 X -
Insert Mate _ Hnear Smart Mave Show Assembly Reference | Expladed
Components Compor. .. o — Companent Hidden Features Geometry Motion View
- - - Components - - Study
]Assemmy | Layout | Sketch | Evaluate | Office Products |

1 Open the part Binding Anchor.
2 Tilethe windows by clicking Window, Tile Vertically from the menu.

3 Dragthetop level icon ® from the FeatureM anager design tree of the
Binding Anchor into the graphics area of the assembly.

The Binding Anchor is now added to the assembly.
The Binding Base Plate isfixed, but the Binding Anchor still hasall six degrees of
freedom.

Maximize the assembly window by clicking Maximize £ on the Assembly window

title bar.
@SnlidWorks ' D = ﬁ > H ~ 23~ g) ' ' ﬁ =l - Binding Anchor_8.SLDPRT * |@ Search files and models ;e v:‘ A 4
B9|Ee
B O N-@-p-im o 5y L wiror Entes alr 6
Sketch Smart I G t gog Display,/Delet . ick
D\I‘nr:Ii;iDﬂ O- -D ~ @ “ A Eh:ilgt‘as Eﬁrl;\ldjzrs EOf'ﬁs_Et 888 |inear Sketch Pattern ‘stpjaﬁoﬁsE = Repair g:;ps Rapid
— ntities .- . Sketch Sketch
= o @-8 - = 1 Move Entities =
Features | Sketch | Surfaces | Mold Tools | Evaluate | DimXpert | RenderTools | Office Products
. Binding Anchor_&.SLDPRT * ol rE | [wEza] | B Assemd *
ISR *22asu@ 7 -+ @8 & |[SEBO]
T ) T )
@ Assemd (Default-
-| ) Sensors -[&)
e IE Annotations (A1 Annotations
3= 2014 Alloy %y Front Plane
%> Front Plane 2y Top Plane
% Top Plane %5 Right Plane
%5 Right Plane - i -}, Origin
1, Origin g -8 (f) Binding Ba
[ @ Boss-Extrudel i ) m@ Mates
e @ Boss-Extrude?
@ Cut-Bxtrudel |
[ @ Rounded Slots j
& Filletl 2
7] Fillet2
T
ZJ\%
4 L | 3 T b 4 [l pl o=y Bei
SolidWorks Education Edition - Instructional Use Only Under Defined  Editing Assembly |
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Positioning Components
One or more selected components can be moved or rotated to reposition them for mating
using the mouse, or the Move Component and Rotate Component commands. Also,

moving under defined components simulates movement of a mechanism through dynamic
assembly motion.

Move Component
|_@_| Moves a component in one of several ways. along an entity such as an edge; along
assembly X, Y, Z axes; by X, Y, Z distances; or to a specific coordinate.

Components can aso be moved by dragging them with the left mouse button.
Rotate Component

[@] Rotates the component in one of several ways: about its centerpoint; about an entity
such as an edge or axis; or by some angular value about the assembly X, Y, Z axes.

Components can aso be rotated by dragging them with the right mouse button.

Task 3 — Mate the Binding Anchor

The Binding Anchor holds the Binding Base Plate to the deck of the mountain board.

It will require two mates to position it correctly, aConcentric mate to hold it in the center
of the holein the Binding Base Plate. The second mate will position the top face of the
Binding Base Plate coincident to the underside of the lip of the Binding Anchor.

1 Movethe Binding Anchor to aposition near the Binding Ba.se Plate. Select the
Binding Anchor, then hold down the left mouse button and you will be able to drag
the Binding Anchor to different parts of the screen.

Note: Notice that the Binding Anchor can pass through the Binding Base Plate.
Even thought these are “solid” models, they are still just mathematical
representations of volumes in space.

2 Most mates are between faces of parts. To make the selection of faces easier, we will
turn on the Face Filter which will only allow usto select faces. Press F5 on the

keyboard to show the Selection Filter toolbar. Select the Filter Face tool |_i |

3 Click Mate [§ on the Assembly toolbar to add amate.

4 Select the two faces shown.

When you pick the second face, the parts
will move into alignment for a concentric

mate and the Mates toolbar will appear. Select
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Note: The Binding Anchor has been rotated in the graphic to
make it easier to see the two faces. You will haveto rotate
the model to be able to select both faces.

Mate Pop-up

The Mate Pop-up toolbar is used to make — —
sdlections easier by displaying the available mate ||\ L |OM@)] 1719w
types on the screen.

The mate types that are available vary by geometry selection and mirror those that appear
in the PropertyManager. The dialog appears on the graphics but can be dragged anywhere.

Either the on-screen or PropertyManager dialog can be used.
5 Click |g| to apply the Concentric mate.

6 Try to movethe Binding Anchor. Click @J on the Assembly toolbar and try to drag

the Binding Anchor. It will only move through the hole in the Binding Base Plate
and rotate about its axis as these are the only degrees of freedom that remain after
applying the Concentric mate.

7 Click Insert, Mate from the menu.

8 Select thetop flat face of the Binding
Base Plate.
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9 Rotate the model and pick the face
shown on the Binding Anchor.

The Mate Pop-up will show that
Coincident |,£| is selected.

Select

Click Igl to apply the mate. pF

10 Try to movethe Binding Anchor. It
will now only rotate in the hole of
the Binding Base Plate asit only
has one degree of freedom.

11 Toggle off the Face Filter.

Task 4 — Save the Assembly
1 Click File, Save.

2 Name the assembly as Binding to the ...\Mountainboard\Binding folder.
SolidWorks will add the extension SLDASM to indicate thisis an assembly file.

Task 5 — Calculate the Weight of the Assembly

When each of the two parts were created, we added the material 2014 Aluminum Alloy.
The weight of the two part assembly can be determined the same way the weight was
calculated in a part, using the Mass Properties tool.

1 Click Tools, Mass Properties. (1, [p— m—rE %
The We|ght of the a$emb|y is [ pint. ][ o0y |[ cose |[ options... |[ Recaluulate |
218.360 grams (0481 poundS). Output coordinate system:  — default - -

Question:What material would SolidWorks N
use if we forgot to apply a material to
al the par 1s? [¥] Indlude hidden bodies/companents

Show output coordinate system in corner of window

Answer: Each part template has a default
material. If we do not apply a different
material, the weight will be calculated ||~~~
using the default material whichhasa ||, - 50 geme

|:| Assigned mass properties

Mass properties of Binding { Assembly Configuration - Default ) -

m

denSI ty Of 0.001 g/ mm3_ Volume = 77985.657 cubic milimeters
2 Open the Binding Base Plate part. In szmssr:s::: mimeters
the FeatureManager design tree, right- —
click the Binding Base Plate and Z=-113.589 |

4 I 2

select Open Part.
3 Check the material density. Click Tools, Options from the menu.

4 Select the Document Properties tab. This tab lists properties associated with just this
part.
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5 Select Material Properties. Because we applied amaterial thought the Material Editor,

6 Click OK to close the Options.

the individual options are grayed out. The Material Editor assigned values for Density
and Hatch Pattern.

-
Document Properties - Material Properties

S

System Options| Document Properties

Drafting Standard

-- Annctations
--Dimensions
é----\u‘ir‘tual Sharps

[i]- Tables

Detailing

Grid/Snap

Units

Model Display

Image Quality

Sheet Metal

Plane Display
DimXpert

Size Dimension
Location Dimension
é----Chain Dimension
é----Geometric Tolerance
Chamfer Controls
5----Disp|a)r Options

2014 Alloy
Density:
0.0028 gfmm*3
Area hatch / fill
MNone
Solid
(@ Hatch
Pattern:
ANSI38 (Aluminum)
Scale:
1
Angle:
Odeg

OK

| o]

Help

7 Save and Close all open files.
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5 Minute Assessment — #3

What features did you use to create Binding Base Plate?

What does the Fillet feature do?

Name three view commands in SolidWorks.

Where are the display buttons |ocated?

Name the three SolidWorks default planes.

The SolidWorks default planes correspond to what principle drawing views?
True or False. In afully defined sketch, geometry is displayed in black.

True or False. It is possible to make afeature using an over defined sketch.
Name the primary drawing views used to display a model.

© 00 N oo o b~ W N P
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Exercises and Projects

Exercise 9: Base Bracket
This exercise reinforces the following skills: -
O Sketching lines.
a Adding geometric relations.
Q Sketching on standard planes.
a Sketching on planar faces.

a Filleting.

a Creating cuts, holes and bosses.

Design Intent

O Some aspects of the design intent for this part are:

O Thickness of the Upper and Lower features are Upper
equa| . feature <
a The holesin the Lower feature are equal O % I %
diameter. \\J
Lower ]

O TheUpper and Lower features are flush along
the back and right side.

Open anew part using the Part_MM template.
1 Createthe Lower feature.
2 Uselinesto sketch this profile. Add dimensionsto fully define the sketch.
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3 Select aface as sketch plane.

Select the rear face that is hidden by the top face
of the model as the sketch plane. Use Select
Other or rotate the view to select it.

4 Create the Upper bossfeature.
Sketch the lines and relate them to the existing

edges where they should be coincident. \] -
80 \
% &0

5 Extrude.

Extrude into the first feature a depth of 20mm. !
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6 Createfillets and rounds.
Add thefilletsin asfew steps as _
possible. S
Rename the features according to
fillet size.
7 Holes.

18mm
Add the holes using as few features as

possible. Make sure that the holeslie
concentric to the fillet radii.

For the Hole Wizard, use ANSI Metric
Drill Sizes.

8 Save and Close the part.

20mm

Mountainboard Design Project with SolidWorks 110



SolidWorks Lesson 3: Basic Parts — The Binding
Engineering Design and Technology Series

Exercise 10: Guide

Thislab reinforces the following skills:
a Sketch lines, arcs, circles and fillets.
O Relations.

a Extrusions.

O Fillets and rounds.

Design Intent

Some aspects of the design intent for this part are:

o
. . . N
Q Part isnot symmetrical. N %
O Largecircleistangent to outer edge. N
a Largecircleis coincident with underside brace

edge.
0 Plate thicknesses are equal. j

Procedure

Open anew part using the Part_ MM template.
1 Sketch the profile.

Using the Front plane, create the /\ I
profile. 20
&0 *
125°/
R10 | 85 -
2 Extrusion.
Extrude the sketch 10mm. .
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3 Upper sketch.

Start a sketch on the top face of the
model. The circleis tangent to one
edge and coincident to another
edge.

4 Extrude equal thickness.

Extrude the circle the samethickness asthefirst

feature.

5 Add two fillets.
Add two fillets as shown.

6 Lastfillet.

Create athird fillet with a20mm
radius.
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7 Cuts.

Use symmetry with lines and arcsto create aThrough All cut for the ot shape. Usea
circle to create another cut concentric with the model edge.

Note: This sketch requiresthe use of a Parallel relation. Check
the Help, SolidWorks Help Topics for more
information.

@20
8 Save and close the part.
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Lesson 3 Quiz

Name; Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1 How do you begin anew part document?

2 How do you open a sketch?

3 What isthe Base feature?

4 What color isthe geometry of afully defined sketch?

5 How can you change a dimension value?

6 What isthe difference between an extruded boss feature and an extruded cut feature?

1 How do you extrude a cut so that the material outside the sketch is removed?

2 What isafillet feature?

3 How do you start a new Assembly document?

4 What are components?

5 Name four types of geometric relations you can add to a sketch?
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Lesson Summary

Base Feature isthe first feature that is created — the foundation of the part.
The base feature must always add material.

Extruded Cuts can remove either the material inside or outside the sketch.
Insert Bends can be used to turn a part into sheet metal.

Sheet metal parts must be uniform thickness.

An assembly contains two or more parts.

In an assembly, parts are referred to as components.

Mates are relationships that align and fit components together in an assembly.

The first component placed into an assembly is fixed.

0o 0O 0O OO 0O OO0 0 O

Mass Properties can be used to determine the weight and center of gravity for an
assembly.
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a Studentswill be able to create and modify the following parts and assembly:

Before Beginning This Lesson

0 Complete the previous lesson: Basic Parts - The Binding

Resources for This Lesson

Thislesson plan corresponds to the following SolidWorks Online Tutorials:
0 Revolves and Sveeps

O Pattern Features

Q Import/Export

a Toobox

For more information about the Online Tutorials, See “Online TutorialsS’ on page 1.
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Review of Lesson 3 — The Binding

Questions for Discussion

1 What are the two ways material can be removed with an Extruded Cut?

2 What isthe primary requirement for a part that is to be turned into sheet metal with the
command Insert, Bends?

3 What do mates do in an assembly?

4 When calculating Mass Properties of an assembly, how is the density of each part
determined?
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Outline of Lesson 4

a In Class Discussion — Toolbox
a Active Learning Exercise, Part 1 — The Wheel Hubs

Revolved features
Hole Wizard

Trim Entities
Convert Entities
Patterns
Reordering features

Q Active Learning Exercise, Part 2— Importing Data

L]

a Active Learning Exercise, Part 3 — Create the Wheel Assembly

Importing files
Neutral file formats

+ Adding Toolbox parts

Section views

Q Active Learning Exercise, Part 4 — Create an Exploded View of the Wheel Assembly

L]

Create Exploded views

« Animate Exploded views

0 Exercises and Projects — Additional Mountainboard Parts
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In Class Discussion — Toolbox

Toolbox includes alibrary of standard parts that are fully < Design Library @
integrated with SolidWorks. These parts are ready-to-use @ @ @
components — such as bolts and screws. .9 Toolbox ~

--El AnsiInch
[+-E0 Ansi Metric

-l AS
B BST
-9 CISC
(&P DIN

b ..;- GB

' w1
-6 150
(8 1S
-8 KS
B ML
-8 PEM® Inch

- PEM® Metric

m

To add these parts to an assembly, select the type of part you want S8 S
to insert, then drag the Toolbox part into your assembly. Asyou B"‘?;;a;;?‘gmgs

Roller Bearings

drag Toolbox parts, they snap to the appropriate surfaces —
automatically establishing a mate relationship. In other words, a
screw recognizes that it belongs in ahole and snapsto it by

orrington® Inch
Torrington® Metric |
047 Truarc®

U Unistrut® -

default. 4] E
Asyou are placing the Toolbox parts, you can edit the property ’ ’
definitions to correctly size the Toolbox part to your needs. Holes % o
created with the hole wizard are easy to match with properly-sized Angular Contact . Radial BalBearing
hardware from Tool box. T

The Toolbox Browser library of ready-to-use parts saves you the 0

time that you would usually spend creating and adapting these Single Direction

Thrust Ball Bearing

partsif you built them yourself. With Toolbox, you have a
complete catalog of parts.

Toolbox supports international standards such as ANSI, AS, BSI, CISC, DIN, GB, IS,
ISO, JS, KSand MIL. In addition, Toolbox also includes standard parts libraries from

leading manufacturers such as PEM®, Torrington®, Truarc®, SKF®, and Unistrut®.

Making Sure That the Screws Fit

Before you placed the washers and screws, you
should have measured the depth of the holes
and the thickness of the washer aswell asthe
diameter of the holes.

Even if you measured before placing the
hardware, it isagood practice to verify that the
screw fits asyou intended it to. Viewing the
assembly in wireframe, viewing it from
different angles, using Measure, or creating a
section view are some waysto do this.

A section view lets you look at the assembly asif you took a saw and cut it open.
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Active Learning Exercise, Part 1 — The Wheel Hubs

Each wheel assembly is made up of six different
parts:

a Tire

a Inner Tube
0 Wheel Hub
a Bearing

a Bolt

a Nut

In this lesson, we will create the wheel hubs
then import the tire and tube from another
source. The bearings, bolts and nuts will be
created using the SolidWorks Add-in, Toolbox.

Design Intent
The design intent for the hub is:
Q The part will be molded from plastic
0 Two wheel hubs will fit together to form asingle whesl.
a Index pins and holes will keep the two hubs from rotating relative to one another.
O There must be a passage for the tube stem.
a The bolt holes must capture the nuts to keep them from rotating during assembly.
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Revolved Features

Lesson 4: Revolved Features — The Wheel Hub

Material can be added or removed from amodel by using the Revolve command. To this
point, we added or removed material by way of extrusions that moved the sketch normal

to the sketch plane.

Revolves move the sketch around a centerline, producing cylindrical or conical results.

Task 1— Create a New Part
1 Create anew part. Click

New |1 onthe
Standard toolbar.

The New SolidWorks
Document dialog box
appears.

2 Click the Training
Templates tab.

3 Select the Part_ MM
icon.

Click OK.

New SolidWorks Document

[SE)

Training Templates

AltISO

My template
with views

Part_IM Part_IM_for

graphics

Part_MM_for  Assembly_IN  Assembly_MM

Part ] .
graphics

Assem_MM... Drawing

(=)=

Preview

Novice | [ Tutariais | oK

] |

Cancel

Help

5 Save the new part as Wheel Hub. Save the file to the Mountainboard\ Wheel

Assembly folder.

Revolved Features

Revolved featured are created by rotating a sketch around a centerline. The centerline

becomes the axis of revolution.

There are three smplerules

for revolved features:

a A centerline or sketch
line must be specified as
the axis of revolution.

O The sketch must not
cross the axis.

0 Theaxisof revolution for
the revolve must be
selected before creating
the revolved feature.

L

Mountainboard Design Project with SolidWorks

Axis of Revolution

* Axis of Revolution

Valid Sketch l Valid Sketch

Axig of Revolution
ya

/

| Not Valid

\
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Task 2 — Create the Hub Center

The hub center will be created as asimple revolved
feature. While we could create this feature by
extruding acircle, revolved features are generally
more appropriate for parts that rotate, such as this
hub and whes!.

1 Create a sketch on the Right plane.

Lesson 4: Revolved Features — The Wheel Hub

2 Sketch arectangle, approximately 25 mm by 25 mm,

with the Origin at the lower right.

3 Sketch a centerline from the Origin, horizontally
right. The length is not important.

to the

We will revolve the rectangle around this centerline to

form a cylinder.

21

4 Dimension the top line 21mm. This s the thickness of the hub center.

5 The hub diameter. When the rectangle is revolved around the centerline, the vertical
dimension of the rectangle will represent the radius of the cylinder. What is generally
more important to the design is the diameter rather than the radius.

Add a dimension from the top horizontal line to the Centerline. When the cursor ison
the side of the centerline closest to the selected line, you get aradius dimension. When
the cursor is on the side of the centerline away from the selected line, you get a

diameter.
Dimension the diameter to 40mm.

21 21
|

\ Select

19.302

Do not > Radius
select here dimension

Mountainboard Design Project with SolidWorks
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38.604
Diameter
dimension

122



SolidWorks Lesson 4: Revolved Features — The Wheel Hub
Engineering Design and Technology Series

6 Revolvethe hub. Click Revolved Boss/

Base [sp| on the Features toolbar. v

Axis of Revolution ]
The preview shows that the rectangular ..
sketch will be revolved around the — R
centerline. 0 (et ]
Select Blind and 360 deg for therevolve | [4 wsooks -
type and angle.
Click OK.

7 Rename this feature Hub.

Task 3 — Cut the center holes.

Cuts can also be created as revolved features. This closely
represents the machining operation of alathe.

1 Create a sketch on the Right plane.
2 Reorient the view to the Right view.

3 Sketch the profile shown, including the centerline from
the Origin to the right.

4 Dimension the sketch as shown. The larger diameter
cut will be to house the wheel bearing and the smaller - 8
bore will be a clearance hole for the axle shaft.
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5 Revolveacut. Select Revolved [
Cut [i| onthe Features toolbar |¥ *
or Insert, Cut, Revolve fromthe ’“'5
menul.

6 Choose Blind and 360deg. |Df—;e|m
Click ¥ . [ oome -

7 Rename this feature
Bearing Cut.

8 Save this part as Wheel Hub.

Patterns

Patterns are the best method when creating multiple instance of one or more features. The
use of patternsis preferable to other methods for several reasons:

0 Reuse of geometry
The original or seed feature is created only once. Instances of the seed are created and
placed, with references back to the seed.

o Changes
Due to the seed/instance relationship, changes to the seed are automatically passed on
to the instances.

0 Use of Assembly Component Patterns
Patterns created at the part level are reusable at the assembly level as Feature Driven
Patterns. The pattern can be used to place component parts or sub-assemblies.

a Smart Fasteners
Onelast advantage isthat Smart Fasteners can be used to automatically add fastenersto
the assembly. Smart Fasteners are only used to populate holes.
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Task 4 — Create a spoke

To create the three spokes, only one will be modeled. The remaining spokes will be
created asacircular pattern.

1 Create a sketch on the Front plane and change the view
orientation to the Front View.

2 Sketch avertical centerline from the Origin.

3 Click Dynamic Mirror Entities I_Ej on the Sketch toolbar.

4 Sketch alinefrom the Hub outward. A symmetric linewill be
drawn automatically.

5 Turn off Dynamic Mirror Entities I_Ej.

6 Add aCoincident relationship. Click Add Relation || on
the Sketch toolbar to add a relationship. Select one of the

lines and the Origin. Click [« | to add a Coincident
relationship.

7 Add an angular dimension. Click Smart Dimension I_§_|,
then select the two lines.

Because the two lines are not parallel, the dimension will be
an angular dimension. Place the dimension then type 40deg
in the spin box.

8 Draw aCenterpoint Arc to close the top of the sketch. Select
Centerpoint Arc [5%| on the Sketch toolbar.

Startthearc at theoriginanddrag ...
it to the top end of one of the “\ o 40.00°
lines. Release the mouse button, \ i
then press the left mouse button
again and drag to the top of the
other line.

9 Dimension the arc. Set the radius
equal to 43mm.

A= 400
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Convert Entities
Convert Entities enables you to copy model edgesinto your active sketch. These sketch
elements are automatically fully defined and constrained with an On Edge relation.
Trim Entities

Sketch entities can be trimmed shorter using the Trim Entities tool. The Trim Entities
tool can remove sketch entities by severa different methods.

The most common method is to trim to the closest entity. This method removes the entity
from the point where it is selected to the nearest intersection with another sketch entity.
Task 5 — Close the sketch geometry

The remaining sketch entity needs to be an arc that is the same as the outside edge of the
Hub. This could be drawn as another Centerpoint Arc, however it is more efficient to
create it from the existing edge of the model using Convert Entities. By using

Convert Entities, we make sure that the inside surface of the spoke is always the same
radius as that of the Hub.

1 Click Convert Entities i_@j on the Sketch toolbar. Select the outside edge of the hub.
Click ¥ .
The entire circular edge has been converted into a circle in our sketch.

2 Totrimthecircle, select Trim Entities i_%j from the Sketch toolbar.

3 Select Trim to Closest \_H in the Property manager. The cursor will change to the
Trim Cursor Ry .

4 Click the part of the circle to be trimmed away. R4
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Task 6 — Extrude the Spoke
1 Extrude the sketch. Extrude to aBlind depth of 15mm.
2 Rename thisfeature Spoke.
3 Save the Wheel Hub.

Construction Geometry

Construction geometry is used to locate other sketch entities or
features.

Any piece of sketch geometry can be converted into
construction geometry or vice-versa. Construction geometry is
considered to be reference geometry and does not have to be
fully defined.

To convert sketch geometry into construction geometry:
Q Select the geometry, then click @ on the Sketch toolbar.

O Select the geometry, then in the PropertyManager select For construction.

Task 7 — Create the Bolt Hole

Create a bolt circle. Bolt circles are construction geometry used to position bolt holes
around the center axis.

1 Create a sketch on the face shown. -

2 Reorient to the Front view. Sketch face
3 Sketch acirclewith its center at the Origin.
4 Dimension the circle to diameter 63.5mm.

5 Select the circle, then in the PropertyManager
select For construction. v

6 Thecirclewill turninto a construction circle. Existing Relat
J:_ Diameter 1

b3

6 Fully Defined

Add Relati
&) Fx
Options A

' For construction '

b3
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7 Sketch aline from the Origin, vertically upward until
it passes the circle. The intersection of the line and
circle will be thelocation for the bolt hole.

8 Use the PropertyManager to change the lineinto a
construction line.

9 Exit the sketch by clicking OK in the Confirmation T -
Corner.

Task 8 — Add the Bolt Hole

The hole in the spoke needs to be multi-functional. Because two hubs will be positioned
back to back, the hole must have a hexagonal cutout to capture the nut as well as be sized
so that the bolt head can turn to be tightened. We will first create a clearance hole for the
bolt shaft, then the hexagonal cut.

Hole Wizard

The Hole Wizard is used to create specialized holesin asolid. It can create smple,
tapered, counterbored and countersunk holes using a step by step procedure.

1 Select the face of the spoke.
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2 Click Insert, Feature, Hole, Wizard from the menu. This
starts the Hole Wizard.

3 Click the Hole button. Using the pull-down lists, select:
« Standard: Ansi Metric
« Screw type: Screw Clearances
+ Size: M6
« End Condition: Through All

4 Click on the Positions tab. You can now edit the sketch that
determines the hole position(s). The message tellsyou to locate the
hole center(s).

5 Turn off the Point [E_I tool by clicking it once on the Sketch

toolbar. The sketch entity Point isautomatically turned on so that
you can place several holes. We are only placing one hole so we
can turn off the tool.

6 Position the hole. Click |_£_| add arelationship. Select the Point,
Construction Line, and Construction Circle. Therewill only be one

relationship available, Intersection. Click [ )| then ¢

REPRODUCIBLE

v %
i1 e

g
s
I
m
b3

Mo Favorite Selected =

Hole Type ]

Z?Z —_— —
D) 3

.Standartél: . - .

[nsi Metric -

Type:

[Screw Clearances v]

Hole Specifications ]

Size:

s ]

Fit:

[Normal v]

[ show custom sizing

End Condition A

&2

K
(e ot

Hole Position(s)

Use the dimensions and other
sketch tools to position the hole
center(s).

b3

Click on the Type' tab to define
the hole spedification and size.

W 42

Selected Entities

b3

Arc1@sketch4
Line 1@5ketch4
Pointl

Existing Relations

L

b3

@ Under Defined

Add Relations

b3

|K| Intersection
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7 Complete the wizard. Click ¥ . The correct size clearance
hole for an M6 metric bolt is created.

Task 9 — Add the Hex Cut

The hex cut will be made by creating a hexagonal sketch and
extruding a cut.

1 Create a sketch on the face shown. Sketch face

2 With the face till selected, click Normal To [L] onthe

Standard Views toolbar to change the view so that we
are looking normal to the face.

Zoom to Selection

Zoom to Selection will zoom the view to whatever entity
is selected. The selected item will fill the screen but have a
clear area around it.

3 Click Zoom to Selection @ on the View toolbar. The
selected face will now fill the screen.
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Polygon Tool

Regular (all sides equal) polygons can be sketched with the Polygon tool. All regular
polygons are based on a construction circle. The polygon is defined by the circle being
inscribed or circumscribed about the polygon.

a Inscribed circle - the circle is tangent to the midpoint of each line.

a Circumscribed circle - the circle is coincident to the endpoints of each line.

. _ _—-7"/'
|nspnbed Circumscribed
circle circle

1 Select the Polygon tool |_E_| from the Sketch toolbar or select Tools, Sketch Entities,
Polygon from the menu.
2 Sketch a Polygon by selecting the center point and

dragging to some radius. The size and position are not P
important as we will set those in the following steps.

= .
o S
= .,
ot
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3 Thedefault for polygonsis 6 sides. If your polygon has adifferent @
number of sides, it can easily be changed in the PropertyManager. «
Options

4 AddacConcentric relationship between the construction circle and
the circular edge of the hole.

5 Dimension the construction circle of the polygon to
10.5mm.

Why dimension the construction circle? Part of the
design intent is that this hex cut capture the nut, but also
that the bolt head must be able to rotate inside the cui.

Thedimension representsthe size of aclearance holefor - A

the bolt head.

We could have also dimensioned the hex hole from flat
to flat. While thisis satisfactory for Solidworks, it
doesn’'t represent the design intent as clearly as
dimensioning the circle diameter.

6 Add aHorizontal relationship to one of the lines of the
hexagon. Thisis necessary to fully define the sketch.
Without this relationship, the sketch is free to rotate

For construction

A

[

®

»

o 2D

about its center. \
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7 Create a Cut-Extrude to adepth of 6.5mm.

Lesson 4: Revolved Features — The Wheel Hub

8 Hide the bolt circle sketch. We no longer need to see

the bolt circle and centerline now that the holes have
been created. Right-click on the bolt circle and select
Hide. Depending on your menu setup, Hide may either
be listed in the menu or just in the context tool bar

as @,

Note: We could also right-click the sketch in the
FeatureManager design tree. When a sketch

is hidden, the sketch icon becomes hollow.

Sketch visible
Sketch hidden

9 Rename this feature Hex-Cut

Entering Dimensions

Whenever we add a dimension or depth, we normally enter the value in the units of our
part or assembly. There are times when we do not know the value in the default units.
Rather than use a calculator to convert units, we can just enter the value we know with the

units included.

If we do not add units, SolidWorks will assume that the value is in the default units.

Task 10 — Add a Chamfer

1 Select the Chamfer tool I_@_I from the Features toolbar.

N

Select Angle distance.
Select one of the edges of the hex cut.

Set the Chamfer dimension. We want a 1/32
inch chamfer. Rather than divide 32 into 1 to
get the decimal equivalent and then convert it
to millimeters, just type 1/32in. When you
press the Enter key, the 1/32 inches will be
calculated and displayed as millimeters.

W

Note: If you do not add the “in”
to specify that the unitsare
inches, SolidWorks will
interpret the dimensions as
1/32 millimeters.
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Chamfer Parameters A

Chamfer Parameters A

T

@ Angle distance
(7 Distance distance
Vertex

Flip gfection

\(?\ 1/37in| -
o -
Select through faces
[ Keep features
Tangent propagation
() Full preview
(@) Partial preview

() No preview
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@ Angle distance
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Flip direction

==

Select through faces
[ Keep features
Tangent propagation
() Full preview

(@) Partial preview
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5 Click ¥ .

We really wanted to chamfer all six edges but only selected
one.

Edit Feature

Edit Feature provides asimple method to change the information used to create afeature.
To edit any feature, right-click the feature either in the FeatureManager design tree or the
graphics area, and select Edit Feature.

Task 11 — Edit the Chamfer
1 Right-click the feature Chamferl in the FeatureManager design tree and select Edit

Feature |[fig . The Chamfer PropertyManager will open.

2 Select the remaining five edges of the Hex-
Hole.

Select

3 Click ¥ . All six edges of the hex hole are
now chamfered.

4 Renamethis feature Hex-Cut Chamfer.
5 Save the Wheel Hub.
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Task 12 — Revolve the Rim

The wheedl rim will be constructed as another revolved feature.
1 Reorient to the Right view.
2 Create a sketch on the Right plane.

3 Draw acenterline from the Origin horizontally to the left. This will become the axis of
rotation for this sketch.

4 Create the geometry shown in Sketch A.

Sketch A
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5 Add the dimensions shown in Sketch B.Remember, to
dimension the four diameters, the centerline must be
selected as one end of the dimension

118 g

Sketch B
6 Add the following dimensions. o
30
¢ LA
e
| 17
‘ *-‘ 7.5 =
15 —

7 Add the following sketch
relationships to fully define the 30
sketch. - 7 }"k Equal

8 Revolvetherim. Click Revolved

Boss/Base @J on the Features
tool bar.

Parallel

Mountainboard Design Project with SolidWorks
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9 RevolveBlind, 360 degrees.
10 Rename thisfeature Rim.

Task 13 — Pattern the Spokes

The Wheel Hub will have three spokes. We have created one and will create the other two
as a pattern of thefirst. By creating the spokes as a pattern, we can quickly change the
number of spokes aswell astheir design.

Circular Patters
Circular Patterns create copies, or instances, in a circular pattern controlled by a center of
rotation, an angle and the number of copies. The instances are dependent on the originals.
Changes in the originals are passed on to the instanced features.

Axes

SolidWorks has two types of axes:

O Temporary Axes
These are created by SolidWorks any time acylindrical or conical solid is created.

a Axes
These are created manually by the user.
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Viewing Axes

Axis visibility can be turned on or off
from the View menu. Click View,
Temporary Axes or View, Axes to
toggle the axes on or off.

The Heads-up toolbar can also be used
to toggle the axes on or off.

1 View the temporary axes. Click
View, Temporary Axes. Thiswill
be the axis that will be used to
pattern the spokes.

2 Create acircular pattern. Click
Circular Pattern @ on the Features toolbar.

Lesson 4: Revolved Features — The Wheel Hub

View Axes /

1

View Temporary Axes

3 Select the Temporary Axis in the graphics area.
4 Click the Features to Pattern box to makeit active.

5 Click the Circular Pattern title at the top of the PropertyManager

to fly-out the FeatureM anager design tree.

6 Select Spoke, M6 Clearance Holel, Hex-Cut and Hex-Cut
Chamfer. These are al the features we want to pattern.

7 For the number of instances either type 3 or use the arrows to

change the number to 3.

VAW E-T-6o-]|@ £- &

Yy

76
DA
(==
L H#
¥ &
BE
CE

g

i Circular Pattern

%

Parameters A
o
W)

[~{ 360.00deq =
% > :

[¥] Equal spading

Features to Pattern A

8 Make surethe angleis set to 360 degrees and Equal spacing is selected.

9 Click ¥ . Thespoke, along with the two holesand the

chamfer have been patterned.

Task 14 — Add Fillets

Fillets need to be added to the spokes to round all the
edges. Rather than add thefilletsto all three spokes
individually, we will just add the fillets to the first spoke,

then include the fillets into the pattern.

Mountainboard Design Project with SolidWorks
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1 Locate thefirst spoke. In the FeatureManager
design tree, select the feature named Spoke. By
selecting afeature in the FeatureManager design
tree, the feature will be highlighted in the graphics
area.

Spoke

Circular

Pattern
Instances

2 Adda4mm fillet to both sides of the spoke whereit
contacts the hub.

3 Renamethisfeature Fillet R4.

4 Adda2mm fillet to the three edges shown.
5 Renamethisfeature Fillet R2.

Task 15 — Add the Fillets to the Circular Pattern

1 Right-click the feature CirPatternl in the FeatureManager designtree 4 e g,
and select Edit Feature. B¢ CirPatternt
We want to add the two filletsinto the definition of the circular pattern, fl Filet 4
however they are grayed out and cannot be select. T Fillet F.2

They cannot be selected because they were created later in time than the circular
pattern, so when the circular pattern was created, the fillets did not exist.

2 Exit thecircular pattern by clicking Cancel $ .
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Reordering Features

Features can be reordered in the FeatureM anager design tree by simply dragging and

dropping the feature in anew location.

When dragging afeature, the cursor will changeto « indicating that the new location

will be under the feature highlighted. If you drag the feature too far up the

FeatureM anager design tree, the cursor will changeto @), indicating that you cannot

drop the feature at this location.

Parent/Child Relationships

The parents and children of any feature determine its relationships. Parents are used to
create the new feature; the new feature is then dependent on the parent. For the child

feature to exist, the parent feature must exist.

Parent/Child relationships can be determined by right-clicking a feature and selecting

Parent/Child from the menu.

1 Inthe FeatureManager design tree, right-click
Fillet R4 and select Parent/Child from the
menu.

Thefillet has two parents, the Spoke and the
Hub. Thisislogical asthefillet connect the two
features. If we move thefillet up the
FeatureManager design tree, it can never go
before either the Spoke or the Hub.

Thefillet has no children, in other words, no
features depend on thefillet.

Lesson 4: Revolved Features — The Wheel Hub

B Parent/Child Relaticnships

[SE)

Parents

Children

..... @ FiletR4

Close

| [ Help

2 Reorder the features. Drag the feature Fillet R4 to aposition

between the Rim and the CirPatternl.

3 Drag the feature Fillet R2 to a position after Fillet R4.
Both fillets now exist before the circular pattern so they can be

included in the pattern.

4 Inthe FeatureManager design tree, right-click CirPatternl and

select Edit Feature.

5 Sdlect Fillet R4 and Fillet R2 to add them to the Features to

Pattern.
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6 Click OK. Thetwo fillets have now been added to
the circular pattern and appear on all the spokes.

Task 16 — Add Spoke to Rim Fillets

The spoke to rim fillets provide an additional challenge because
of the way the two features meet. We need arelatively largefillet
to make the wheel ook good.

Because the spokes were patterned before the rim was created,
fillets between the two cannot be added to the pattern. We can add
all thefillets to the three spokes individually, but thisisalot of
work. We might try to fillet one spoke and pattern the fillets,
however this doesn’t work. Fillets need to be patterned with the
underlying geometry.

To alow thefillets to be added to the pattern, we must roll back the model to before the
circular pattern.

1 Inthe FeatureManager design tree, right-click CirPatternl and select Rollback @
from the menu.

2 Click Insert, Features, Fillet/Round from the menu.

3 Type6mm for thefillet radius.

4 Select the edge between the inside face of
the rim and the side of the spoke as shown. ]
Select the same edge on the other side of Gedus Jorn
the spoke.
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5 Click ¥ . Thefillet is added and the adjacent face has Face extended
been extended.

6 Renamethefillet Fillet R6.

7 Add a3mm fillet to the two edges show.
8 Renamethefillet to Fillet R3.

9 Roll the model forward to the end. Right-click in the
FeatureManager design tree and select Roll to End.

10 Add thetwo filletsto the circular pattern. Right-click
CirPatternl and select Edit Feature. Select Fillet R6
and Fillet R3 to add them to the Features to Pattern.

11 Click ¥ . All three spokes should now havethe
samefillets.

12 Add additiona fillets to round remaining
sharp edges. Add a3 mm fillet. Select the
face and edges shown. When you select a
face, all edges of that face will be filleted.
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13 Finish the front by adding a 0.5mm by 45 degree chamfer to edge [ e
of the hole where the bearing will be inserted.

=
»

@ Edge<1>

@ Angle distance
() Distance distance
Vertex

["Flip direction
\g\ 0.500mm
v]
m 45,00deg

Select through faces
Keep features
Tangent propagation

4F 4

@) Full preview

() Partial preview

() Mo preview

Task 17 — Add Index Pins and Index Holes

Shared Sketches

Index pins and holes provide two functions,
first they help to line up the parts as they are
put together in the assembly process. Second,
they prevent the two halves from rotating,
relative to one another, when they arein use.

Index pins

To this point, each sketch has been used to
create asingle feature. There are times when
we need to capture the design intent for several
features in a single sketch, such as the case of
the index pins and index holes. The pins will
be created as extrusionswhile the holeswill be  Index hole
created as cuts, but they must have a

relationship so that the pinswill always align

with the holes.

1 Change to the Back view by clicking Back
on the Standard Views toolbar.

2 Create a sketch on the back face of the mode!.

3 Sketch acircle with its center on the Origin.
Dimension the circleto 77mm.

Mountainboard Design Project with SolidWorks 143



SolidWorks Lesson 4: Revolved Features — The Wheel Hub
Engineering Design and Technology Series

4 Change the circle to construction geometry. The pins and holes will be placed on this
circle. We do not want this circle to create an extrusion or cut, we just want to useit to

line up other sketch entities.
In the PropertyManager for the circle, select For Construction. Options =
The circle now changes to a construction line. [AIFor construction

5 Create two construction lines. The end points of
each line must be coincident with the
construction circle and each line must be
horizontal.

6 Add angular dimensions. To fully define the
construction geometry add the angle dimensions

show. Select the Smart Dimension tool |_§_|,

then select the Origin and each end of aline.
Drag the dimension to the position shown.
Repeat for the other dimension.

The four endpoints will be the locations for the
pins and holes.

7 Sketch acircle at the endpoint of each line.

8 Dimension the two top holes. Dimension the
circle on theright 3.9mm and the circle on the
left 3.8mm. Thelarger circle will be used to
create the hole and the smaller circlethe pin. The
difference in dimensions allows for a slight
clearance to make sure the pins don’t stick.

9 Add equal relationships. Add an Equal
relationship between the two circles on the right.
Repeat with the two circles on the left. This will
make the two holes the same size and the two
pins the same size.

The sketch is now fully defined.
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Sketch Contours

Sketch Contours allow you to select portions of a sketch that are generated by the
intersection of geometry and create features. Thisway you can use a partial sketch to
create features.

Another advantage of this method is that the sketch can be reused, creating separate
features from different portions of the sketch.

10 Extrudethe pins. Click Extruded Boss/Base to
create an extrusion.
Set Direction 1 to Blind and the depth to 4.5mm. Rotate
the model to alow you to see the preview. If we wereto

click ¥ , wewould extrude four pinswhich is not what
we want to do.

b3

In the PropertyManager, click the down arrow next to Selected

Select Contours to expand the selection box. Click the two left O [Setchd Contour <1>
circlesto select their contours. Only the two circles will now be

extruded, nothing else.

Click ¥ .
11 Renamethe feature Index Pins.

12 Cut the Index Holes. Click the plus sign next to Index Pins and select the sketch
under the feature.

13 Click Extrude Cut @

Set Direction 1 to Blind and the depth to 5.5mm. Rotate
the model to alow you to see the preview.

In the PropertyManager, click the down arrow next to
Select Contours to expand the selection box. Click the
two right circlesto select their contours. Only these two
circleswill now be cut, nothing else.

Click ¢ .
14 Rename the feature Index Holes. = [§ Index Fins
Click the plus sign next to Index Pins and Index Holes to show J] skatchs

the sketch underneath. Notice that both features use the same sketch | =/ [@] Index Holes

1] sketcha
and that the sketch icons show the hand @ which indicates
sharing.
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15 Add aChamfer to the top of the Index Pins. You generally
don’t leave sharp edges on a small feature like the pin as the
edgeislikely to be damaged which would cause problems when
assembling the parts.

Click Chamfer [@J then select the edges of the two pins. Select T

. . K
Distance distance for the type of chamfer and set the two -
. Cl 'er Parameters 3
distancesto 1.5mm and 1.0mm. =
;
Watch the preview as you may have to reverse the order of D1 s
and D2.
() Angle distance
(@) Distance distance
Vertex
[T Equal distance
\(f;‘ 1.000mm =
\(2 1.500mm =
Correct Incorrect Select through faces
[ Keep features
. Tangent propagation
C“Ck W . @) Full preview
16 Save the Wheel Hub. - Partalprevien
() No preview

Task 18 — Hole For Tube Stem

Thetirethat will be used has atube. There must be a cutout in the hub for the tube stem so
that the tube can be inflated.

We will create arevolve cut opposite one of the spokes.

1 Change to the Back view by clicking Back || on the 'l*
Standard Views toolbar. :

2 Create a sketch on the back face of the model. -

. . I
3 Sketch avertical centerline from the Origin. i
4 Sketch arectangle roughly in the position shown. i
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5 Add two Coincident relationships as
shown. Thiswill insure that we cut al the
material intherim.

6 Add acCollinear relationship between the
left side of the rectangle and the
centerline.

7 Dimension the width of the rectangle to
5.8mm.

8 Createarevolved cut by clicking Revolve

Cut @' on the Featurestool bar. The cut can revolve 360
degreeseven if it isonly cutting material for

180 degrees.

9 Adda0.5mm by 45deg chamfer to the edges of

the cut as shown.

Task 19 — Add Lettering

Lesson 4: Revolved Features — The Wheel Hub

—

Coincident T JL

5.8

Coincident

Edges

L ettering can be added to parts as an extrusion to provide raised letters, or asacut to
provide engraved letters. We will add the name “ SolidWorks’ to the rim of the wheel for

advertising purposes.

Because we want the letters to follow a curved path, we will create some construction

geometry to guide the letter placement.
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1 Change to the Front view by clicking
Front [@|
2 Create a sketch on the front face of therim.

3 Sketch avertical centerline from the Origin.

4 Sketch acenterpoint arc with the center on
the Origin. Make the arc wider than the
spoke and change it to construction geometry.

5 Add aSymmetric relationship between the
two endpoints of the arc and the centerline.

Click | L to add arelationship. Select the
two endpoints and the centerline. Click I:E]
to add the Symmetric relationship.

6 Dimension the arc as shown.

7 Addtext. Click Tools, Sketch Entities, Text from the v
menu. Curves A
3t
8 Click the arc. Thisisthe curve we want the text to
follow. -
9 Click inthe Text box to make it active, then type = =
SolidWorks for the text. Solidworks

10 Select Full Justify for the text alignment and Text

: Fully Justi
outside the arc. ully Justity ~J

11 Thedefault font, set in the options, istoo small. Clear  Text outside

Use document font, and click the Font... button. the are
12 Changethe font sizeto 26 points and the style to " '_@ﬁ]
Bold. Click OK - ETEEEEEE
f Choose Font ﬁw QE 100% =
Font: Font Style: Height: [ Use document font
Century Gothic Fold] (2 Units 6.8731666 [W]
i IRteaﬁcular - 1.000mm
EEE— @ Points | 25
a - | | Bold Italic i T -
Sample gg |:|
a3 <

Aq B beZZ Eﬁ::iskeout [T underline
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Thetext isjust sketched lines and arcs that can be
extruded or cut as we desire.

Note: Sketch text is created from the font
definitions and will always be under
defined in the sketch.

While the goal isto created fully defined
sketches, having the sketch text under
defined is acceptable.

13 We want to cut the text into the surface. Click

Extruded Cut [[&]. Cut the letters to a blind depth
of Imm.

14 Rename the feature Text.

Product Visualization

Model Display

Product visualization encompasses all the elementsto display our models. There are three
ways to display a model in SolidWorks, OpenGL, RealView and Rendered.

a OpenGL
In Open Graphics Language, models can be displayed as shaded, wireframe or a
combination of the two. It does not require special hardware and can be software
emulated. All modern graphics cards, regardless of the cost, have OpenGL capabilities
and therefore the cal culations for OpenGL are normally done on the Graphic Processor
Unit (GPU) of the graphics card. These effects show:

« Surface shading including color, ambience, diffusion, specularity and transparency.
+ Basic texture mapping techniques.
+ Diffused ground shadow.

0 ReaView

Real View incorporates OpenGL, but takesit to another level. More realistic effects can
be achieved such as dynamic environmental reflectionsin the appearance, self-
shadows, a ground shadow and a ground reflection, as well as more advanced texture
mapping techniques. Most modern video cards, in the professional workstation class,
can display all the effects of RealView.

Real View supports:

+ Advanced Shading

Reflections (environmental)

Self shadows

Ground reflection

Advanced texture mapping and bump maps
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0 Rendered

Rendering of the SolidWorks model is done using PhotoView 360. PhotoView 360 is
distinguished from Real View in that it is not a process of the GPU, and photorealistic
renderings can be achieved regardless of the graphics card used. Thisis becauseitis
entirely calculated on the CPU on your PC and is rendered in a sequential event and is
therefore not dynamic. PhotoView 360 renderings are more photorealistic than

Real View because light rays and reflections are more accurately cal cul ated.

PhotoView 360 rendering supports:
Self-reflection (reflection of objects in one another)
HDRI (environmental) lighting

Changing Display Modes

Changing between OpenGL and RealView is done by either enabling Real View graphics.
If RealView isdisabled, you are in OpenGL.

Where to Find It
To toggle between OpenGL and Real View:
0 Click View, Display, RealView Graphics from the menu.

a Click RealView Graphics on the Heads-Up tool bar.

Appearances

Appearances control the way the surfaces of the model look. They can be applied at the
assembly, part, body, feature or face of amodel. All surface of amodel have an
appearance applied to them.

Materials vs. Appearances

Appearances are different from materials. When we applied a material to a part, it defined
the physical properties of the part such as density and strength. Included in the material
definition is a default appearance, however this can be changed. As an example, if we
were modeling abody component for an automobile, the material would be steel, however
the final component would be painted, so the appearance could be something other than
what was applied with the steel material.

To add an appearance:

0 Click Edit, Appearance, Appearance from the menu.

o Click |@ on the Standard toolbar.

0 Select the Appearances, Scenes and Decals tab | @ | in the Task Pane.
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1 Add an appearance to the part. Select the Appearances, Scenes, and Decals tab of
the Task Pane. Click the plus sign next to Appearances to expand the list. Click the

plus sign next to Plastic and then select High Gloss. In the lower pane, drag the
appearance light grey high glass plastic into the graphics area. Thiswill apply the

appearance to the entire part.
@SnlidWorks i O-2-H-%-9- B & + Wheel Hub_&.5LD... |@ Search files and models }_/ v| ?2--H0X
En |G e
& N-@-p-E | y & Mirror Entities & | &
Sketch  Smart Trim  Convert £ gom Display,Delete Y| Quick E
Dimension O- 5;} M @ T A Entities  Entities gjt:?:?s aus r=reeniaiE . Rel;h’ons EE:;'L Snaps SRkiﬂ
= = - ® _.-\i - ¥ > = ,g Move Entities - . .
Features | Sketch | Surfaces | Mold Tools | Evaluate | DimXpert | Render Tools | Office Products | _ 5 s | « Appearances, Scenes, and Decals &
—— = _ . B ey
sERee > Qe AASHEB-F-or- @R H- - a 7
(¥ =-4® Appearances(color) -
% Wheel Hub_& (Default<«<Default>_ EI@ Plastic B
-{3] Sensors ... High Gloss
&-{A] Annotations .. IL@ Medium Gloss =
..8= Material <not specified> @ Low Gloss
----- %> Front Plane @ Textured |
----- <2 Top Plane @ Clear Plastic
----- %2 Right Plane .\ Satin Finish
..... 1, Origin 1@ EDM
[-6% Hub . @ Patterned
- Bearing Cut 4 _.IL@ Composite
D"@ Spoke @ Mesh il
- Sketch3 A orir
[]--@‘ M6E Clearance Holel T
E]--@ Hex-Cut beige high gloss plastic i
@ Hex-Cut Chamfer
-6 Rim P— 1
-{Z] Fillet R4 ) L
--{F] Fillet R2
-{F] Fillet R6
@] Fillet R3
----- %’ CirPatternl
-F] Fillet3
@) Chamferl l ht. high gloss plasti
1[0 Model [ Mofion Study1_] 19 grey igh gless plashe 2
SolidWorks Education Edition - Instructional Use Only Editing Part (2]
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2 Add an appearance to the Text feature. Select the Text feature [« Appearances. scenes, and Decals 2
in the FeatureM anager design tree. Select the Appearances, |*© ENs
Scenes, and Decals tab of the Task Pane. Click the plusSign | =@ appeerancestcolon -

next to Appearances to expand the list. Click the plus sign e e s

next to Plastic and then double-click red high gloss @ Medium Gloss

. L@ Low Gloss
plastic. 0@ Textured
L@ Clear Plastic

m

L@ Satin Finish
g EDM

L@ Patterned
L@ Composite —
L@ Mesh

oL Metal

- L@ Painted

- L@ Rubber

- g Glass

;- L@ Lights i

e IO e 0 o O e O

red high gloss plastic

m

blue high gloss plastic

Display Manager

The DisplayManager is like the FeatureManager design tree except is shows the different
display properties of the file. These include appearances, scenery, decals, cameras and
lighting associated with the active SolidWorks part or assembly.

The DisplayManager also makes it easy to:

0 Understand the way in which appearance and decal inheritance works.
0 Select and edit appearances and decals associated with the model.

0 Access the appearance, scene, lighting, camera and decal properties.

O Transfer appearances and decal s between components, features and faces.

The DisplayManager has four different pisplaymanager tab
sections: — \

0 View Appearances EPen
O View Decals _ / ; /
View Appearances

0 View Scene, Lights and Cameras View Decals —
View scenes, Lights and Cameras

0 PhotoView 360 Options PhotoView 360 Options
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1 Examine the DisplayManager. Select the DisplayManager tab and then select View
Appearances.

2 Inturn, select History, Alphabetical and Hierarchy. History shows the time order in
which the two appearances were added. Alphabetical lists the appearances by their
names and Hierarchy according to the rules used to show which appearance is on top.

SIEIRI®e] SIEIRI®e]
@8 & @ @e8 @ @8® &

Sort order: Sort order: | Alphabetical Sort order:

E|° light grey high gloss plastic E|° light grey high gloss plastic 9@ Features

|5 Wheel Hub . % Wheel Hub - &) red high gloss plastic
-4 red high gloss plastic -4 red high gloss plastic (@] Text
@ Text @ Text 9% Part
E|° light grey high gloss pla:
5§ Wheel Hub

3 Create a pattern of the Text
feature. Turn on the Temporary
Axes in the View menu and create
a pattern of three instances of the
Text.

In the PropertyManager for the
Circular Pattern, select Propagate
visual properties. Thiswill make
the red high gloss plastic
appearance attach to the new
pattern instance.

Options ]
|:| Geometry pattern

Propagate visual
properties

() Full preview

(@) Partial preview

4 Now that the part is finished, we will add a scene. Select the Appearances, Scenes,
and Decals tab of the Task Pane. Click the plus sign next to Scenes to expand the list.
Click the plus sign next to Basic Scenes and then locate Backdrop Studio Room. In
the lower pane, drag the appearance Backdrop Studio Room into the graphics area.
Thiswill apply the scene to the model.
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5 Change display modes. Toggle RealView on and off either through the Heads-Up
toolbar or the View menu. Toggle on Shadows in shaded mode from the Heads-Up
toolbar. Compare the results. There are reflections in Real View that will move on the
model asyou rotate it. In OpenGL, there are no reflections visible.

6 Save and Close the Wheel Hub.
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Active Learning Experience, Part 2 — Importing Data

Parts of any design may come from other sources.
There is no need to reconstruct new geometry if it can
instead be imported from afile that already exists.

Imported data can be used either through direct
translation or by way of neutral file formats.

Direct trandators allow afile saved in another CAD
format to be opened directly in SolidWorks.
SolidWorks has direct trand ators to open files created
in Inventor, SolidEdge, Unigraphics, Pro-Engineer,
CADKEY, Rhino and others.

Trangdlation through neutral file formats requires the
file created in another program to be saved as a neutral
format. None of the existing CAD programs use the
neutral formats directly. The neutral formats only provide a*“common ground” that both
programs can use. SolidWorks can then read the neutral format and convert the data to
SolidWorks data. The two most widely used neutral formats are IGES and STEP.

Task 1— Import the Tire

For the mountainboard, we are not going to design and manufacture the tire and the tube,
rather we have found a supplier that makes both of these items. To include the tire and
tube in our assembly, we need a CAD model. The supplier uses a CAD system that saves
filesin aformat not supported by SolidWorks direct trandators. To get the CAD model,
the supplier has provided them in two neutral formats.

1 Click File, Open from the menu.
2 Select IGES (*.igs, *iges) from the Files of type list. [SolicWorks Files (*sldprt; *slda +

SolidWaorks Files (*.sldprt; *.sldasm; *.slddrw)

Examinethelist to seethe other filestypesthat can be opened  par ¢ prt-sipr

Assembly (*.asm;*.sldasm)

i n &I | dWOI’kS. Drawing (*.drw;™.slddrw)
DXF (*.dxf)
1 3 3 DWG (*.dw
3 Select thefile Tire.igs from the Lesson04 folder. e phoggshop Fies ()
. . Adobe Illustrater Files (*.ai)
4 Click the Optl ons button. Lib Feat Partt (E.pr;*.sldlfp]
i i i Templa.te (:.prtfot;*.fsmdot;*;drwdot;l
The options allow usto change the settings for the import A L R )
STEP AP203/214 (*.step;*.s
proce$ ACTS (*.sat) S
. . VDAFS (*wda
The IGES export process breaks down the solid model into  vrwc o
STL (*.stl)

individual entities. Theimport processtriesto reconstruct the  camnx srsphics g
model. Because of differencesin the methods used by Various e weim a2 e
Unigraphics (*.prt)

CAD software to create models, there can be errorsin the Tnventor Part (1p)

H Inventor Assembly (*.iam)

trang aII on. Solid Edge Part (*.par;*.psm)
Solid Edge Assembly (*.asm)
CADKEY (*.prt;*.ckd)
Add-Ins (*.dll)
IDF (*.emn;*.brd;*.bdf:*.idb)
Rhing (*3dm)
All Files (*%)
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5 Set Options. Select:

O Surface/solid entities

a Try forming solid(s)

Q Perform full entity check and repair errors

Q Automatically run Import Diagnostics.

These optionstell SolidWorks to make the import entities into a solid model if it can
and if there are errors, use the toolsit hasto fix any errorsit detects.

Impeort Options @
File Format

General Surface/solid entities
STL/VRML @) Try forming solid(s)
IDF |:| B-Rep mapping

() Knit surface(s)

() Do not knit

Merge Entities

|:| Free pointfcurve entities
(@ Import as sketch(es)
Import as 30 curves
[ Import multiple bodies as parts
Perform full entity check and repair errors

Automatically run Impert Diagnostics (Healing)

»

|:| Customize curve tolerance: | 0.001mm

Unit
(@ File specified unit
() Document template specified unit

IGES
[ Show IGES levels
STEP
["]Map configuration data

uG
[ mport tool bodies.

OK ] [ Cancel ] [ Help
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6 Click OK then Open. Watch to progress asthe new solid is
created. Notice that this can be along process depending

on the complexity of the model and the speed of your
compulter.

7 When asked, click Yes to run Import Diagnostics on the
part. When Import Diagnostics complete, click ¥ .

8 Examine the FeatureManager design tree. Thereisonly
one feature for thetire called Importedl. The
trangation process, through neutral translators, does not
provide any of the individual feature information, only a
single body. We can add additional featuresto this
model, but we cannot see the original features used to
create the geometry that is now Importedl.

9 Save the Tire as a SolidWorks part to the
Mountainboard\Wheel Assembly folder.

10 Close the Tire part.

Task 2 — Import the Tube

%R |® >
Il i

T Tire (Default)

-] Sensors

Eﬂ"l-il Annotations

3= Material <not specified>
..... % Front

..... & Top

..... % Right

..... L I:Ingm

@ Importedl

The Tube was provided as a STEP file. STEP isaso aneutral format like IGES but is

newer and gaining more popularity.
1 Click File, Open from the menu.

2 Select STEP AP203/214 (*.step,*.stp) fromtheFiles of type [SolicWorks Files (*sldprt; *slda +

list.

SolidWaorks Files (*.sldprt; *.sldasm; *.slddrw)
Part (*.prt;*.sldprt)
Assembly (*.asm;*.sldasm)

3 Sdect thefile Inner Tube.STEP from the Lesson04 folder.  brawing -.drw:*.siddrw)

Mountainboard Design Project with SolidWorks

DXF (*.dxf)

DWG (*.dwg)

Adobe Photoshop Files (*.psd)

Adobe llustrator Files (*.ai)

Lib Feat Part (*.Ifp;* sldIfp)

Template (*.prtdot;*.asmdot;*.drwdot)
Parasolid ("t _b;* xmt_ted;* xmt_bin)

IGES (*.igs;™.iges)

ACIS (*.sat)

VDAFS (*wvda)

VRML (*.wrl)

STL (*.stl)

CATIA Graphics (*.cgr)

ProE Part (*.prt,*.prt.” " xpr)
ProkE Assembly (*.asm;*.asm.”;" xas)
Unigraphics (*.prt)

Inventor Part (*.ipt)

Inventor Assembly (*.iam)
Solid Edge Part (*.par;*.psm)
Solid Edge Assembly (*.asm)
CADKEY (*.prt;*.ckd)
Add-Ins (*.dIl)

IDF (*.emn;*.brd;*.bdf:*.idb)
Rhineo (*3dm)

All Files (*.%)

157



SolidWorks Lesson 4: Revolved Features — The Wheel Hub
Engineering Design and Technology Series

4 Click Open. The Inner Tube will open much faster
than the Tire because it is a much simpler part.

Again thereis only one feature, Importedl.

5 Save and Close the Inner Tube as a SolidWorks
part to the Mountainboard\Wheel Assembly
folder.

Active Learning Experience, Part 3 — Create the Wheel Assembly

We now have the basic parts to create a wheel assembly. We will use two Wheel Hubs
plus the Tire and Inner Tube.

Task 1— Create a Wheel Assembly

1 Before creating the assembly, make sure that the three parts we have created in this
lesson are all in the same folder. The three parts Wheel Hub, Tire and Inner Tube
should all bein the folder SolidWorks Curriculum and Courseware_2011\
Mountainboard Design Project\ Mountainboard\ Wheel Assembly. If they are
located someplace else, use Windows Explorer to move them to the correct folder.

2 Create anew assembly. Click File, New and select the Assembly_MM template from
the Training Templ ates tab.

3 Insert the first part. Click the Browse button in the PropertyManager. L ocate the part
Wheel Hub and click Open. The wheel hub will appear transparent, drag it to the

assembly Origin. When the cursor changes to %g rel ease the mouse button.

4 The Wheel Hub isnow fixed in space with its Origin mated to the assembly Origin
and itsthree principal planes mated to the three planes of the assembly.

5 Add another instance of the Wheel Hub. The wheel assembly will use two wheel hubs
mounted back to back. Because we aready have one instance of the wheel hub in the
assembly, we can insert another instance by dragging it from the FeatureM anager
design tree.
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6 Hold down the Ctrl key and drag the Wheel Hub
from the FeatureM anager design tree and drop it

in the graphics area.

The FeatureManager design tree shows two
instances of the Wheel Hub. Instance oneisfixed
in space and the second instance still has some
degrees of freedom as noted by the minus sign.

Fixed \

Some degree
of freedom N

Ed=Y

g

(¥~
% fsseml (Default<Default_Display
El Annokations

5 Front Plane

&5 Top Plane

5 Right Plane

4 rigin

ey 1P Wheel Hub <1 =

TSNy Wheel Hub <2 =

@@ MMates

—

-\I

Smart Mates

Lesson 4: Revolved Features — The Wheel Hub

Smart Mates simplify the mating process by allowing you to drag the face you want to
mate onto another face. To add SmartMates you hold down the Alt key while dragging
and dropping a selected face or edge.

These mates use the same Mate Pop-up Toolbar as the Mate tool uses to set the type and
other attributes. All mate types can be created with this method.

Certain techniques generate multiple mates and do not use the toolbar. These require the
use of the Tab key to switch mate alignment.

Filters

Selecting edges and faces is often tricky because of adjacent edges or faces. In order to
restrict selection, the Selection Filters option is used.

The Filter toolbar may be shown or hidden by selecting View, Toolbars,
Selection Filters from the menu.

Selection Filter

[&]

F % W (5]

FITHEFE AN T UEN TR T @ AN VT LS
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7 Most of the mating entities we will be choosing are faces. To make it easier to select
faces, we will turn on afilter so that only faces can be selected. Click Toggle Selection

Filters Toolbars | ¥ | on the Standard toolbar to open the Filter toolbar. Then click

Filter Faces @

Note: The Filter Faces option can also be turned on using the
keyboard shortcut X.

The cursor will show that afilter is applied by changing to X< . When the cursor is

over aface, the cursor will changeto %ﬂ .

8 Add aConcentric mate. Select Face 1,
then press and hold down the Alt key
and drag Face 1 to Face 2. When the

cursor changesto R g , indicating a
concentric mate, release the Alt button.

9 Reversethe alignment. The two
cylindrical faces can be concentric in two orientations.
Theinitia orientation is based on which of the two
possibilitiesis closest. Press the Tab key. Thiswill toggle
the two possible alignments.

When the two hubs are facing in opposite directions,
rel ease the mouse button.

10 Thetwo Wheel Hubs will align concentric and the Mate
Pop-up toolbar will appear.

NLIOE AN E 9lv)
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11 Click ¥ to accept the mate. NN

.
12 Move the second Wheel Hub. We need three mates to N N
properly position the second Wheel Hub. First isthe
Concentric mate already added. Second isa Concentric
mate between an Index Pin and the corresponding Index
Hole. Finally aCoincident mate between the inside faces of
the two Wheel Hubs to keep them together.

It iseasier to select the Index Pin and Index Hole if the
two parts are moved apart.

Drag the second Wheel Hub to the right to
separate it from the first Wheel Hub. The exact
distance is not important, only that you can select
the pin and hole.

13 Mate an Index Pin to the
corresponding Index Hole. Click

|§ onthe Assembly toolbar.
Select the cylindrical face of an
Index Pin. Rotate the view so you
can see the corresponding Index
Hole, then click the inside face of
the hole. Click OK.

Note: Check to make sure that the hole for the Tube Stem lines
up on the two Wheel Hubs. If it does not, edit the last
mate and change the mate to the correct hole.
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14 Matetheinside faces of the two Wheel Hubs

together with a Coincident mate. Click § | onthe
Assembly toolbar. Select the inside faces of the
two Wheel Hubs, then click OK.

15 Savethe assembly as Wheel Assembly to the
Mountainboard\Wheel Assembly folder.

16 Turn off the Face Filter.

Task 2 — Add the Tube

The Inner Tube must be mated to the Wheel Assembly. The difficulty isthat it doesn't
have any surfaces that lend themselves to mating to the wheel hub. The Tube will be
mated to the assembly using reference geometry.

Adding Parts to an Assembly
Part can be added to an assembly in severa ways:
0 Using the menu. Click Insert, Component, Existing Part/Assembly.
a Drag from an open part/assembly window.

a Drag from Windows Explorer.

1 Open the part Inner Tube.
2 Tilethe windows. Click Window, Tile Vertically.
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3 Drag thetop level icon from the Inner Tube FeatureManager design tree into the

assembly window.

solidWorks p [ - - fd- 2 -9 -[B]-)B -

Inner Tube  sldprt.

'J;vsnlid\"fnrkSSEard‘\ I L R

Flsometric | 3] “Isomehric

- B @ = Swept Cut @& N dirb @ we o k) L
Extuded Revolved b loftedBossfBase | Extuded Hole Revolved [ Loftedcut | ISt LS [ prap (@ pome | Aeference Curves gty
Boss/Base Boss/Base cut  Wizard  Cut - ¥
) Boundary Boss/Base ) Boundary Cut . . [E shel Mirrar o .
] Features | Sketch | Evaluale | Dimxpert | Office Products | Sheet Metal
@ Assem2 * 4
% (FIRl® »|Q QAT HE- T-60- @ &- = » &
(7 y (¥~ ) &
Q finner Tube: & w <@ Assem2 (Default<Display Stat =)
(&) Annotations
Annotations —— Lights, Cameras and Scene ]
Lights, Cameras and Scene [#] Sensors
Solid Badies(2) & e
3= Material <not specified> &> Top
2 Front %\ =
& Top 1. Crigin
&y might By i@ (F) el Hub &<t >
14 Origin B® () Wheel Hub_s.<2>
[[@) tmported1 ) MateGroup1
[[@) Importedz 7

<
[ATATF TR _Model [ Wotion Study 1

[ [+ 5[ _Model [ Wofion Study 1

Inner Tube

Under Defined  Editing Assembly 8 [7]

4 Inthe FeatureManager design tree, click the plussign
next to the part Inner Tube to expand the listing.

5 Click [§] onthe Assembly toolbar. Select the Front

plane of the assembly and the Front plane of the
Inner Tube. Coincident should be selected for
Standard Mates.

Click OK. The Inner Tube will move into the plane
of the hub.

6 Repeat the above step to mate the Top planes of the
assembly and Inner Tube Coincident, then the
Right planes, also Coincident.
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7 Check the assembly. The Inner Tube should be correctly
positioned on the Wheel Hub with the Tube Stem
coming through the hole in the Wheel Hub.

Task 3 — Add the Tire

The procedure for adding and mating the Tire is essentially the same as for adding the
Inner Tube.

1 Open Windows Explorer.
2 Locate the Tire.sldprt created earlier.
3 Drag the Tire.sldprt into the assembly window.

-
@SnlidWorks i D - Lﬂ' - H - @ - k) ' ' ﬁ - Asseml = [@5earchﬁ\esandmode\s }_/ v| ?2-- 08X
i) EE ) - i) &
& i 3
Edit Cﬂnl_‘ns;’;;ms Mge CDI}L:E:': Smart Cnr:‘u;:ent S?i\' é:i:Trbelz I?;f:r;eer‘;ce e" Bﬁf Exploded Expl:de Insta-:;r‘v‘BD
Component P POM-  octerers P Hidden ¥ | Motion | Materials View Line
- = N ” Study sketch
—= p— -
S o e I T YT -8 x
B @uv| J % less.. b Lless.. » v|¢'u,|| Search Less...
(7
B File Edit View Tools Help
E Organize « B Open = = ==+ H l@l
J Lessons i MName : 0
by . Lesson01 i ERETLREY
] | Lesson02 ~STire.SLDPRT
g Lessor03 ~$Wheel Hub.SLDPRT
. f Lessond || Inner Tube.STEP =
| Built Parts Sieles
| Exercises | % Tire.SLDPRT /‘_
| Lesson0S % Wheel Hub.SLDPRT -
I accnn ne Rl T [
Q Add a title Description: Add a description
-
[[E] Importedi
...[[@) Imported2
-Gy @ () Tire<1»
@@ Mates
Y
Zj‘x
[T Model [ fistion Study1 ]
SolidWorks Education Edition - Instructional Use Only Under Defined  Editing Assembly [2]
L

4 Add mates between the three principal planes of the Tire and the assembly just like we

did for the inner tube.
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Task 4 — Toobox setup

Assembly hardware is rarely designed and manufactured for a specific project asit is

cheaper to buy available material from existing suppliers. Within the SolidWorks

modeling environment the same is true; we do not want to have to create standard

fasteners, we would rather just use pre-made models.

Toolbox

SolidWorks Toolbox is atime-saving library of standard parts that uses Smart Part
Technology to automatically select the appropriate fasteners and assemble them in the

proper sequence. Toolbox is a SolidWorks add-in program which meansit works inside of

SolidWorks.

Toolbox can create the fastenersin two different ways. For this course we want Toolbox to
create anew part for each fastener and store it in afolder with the rest of our course files.

1 Turn on Toolbox. Click Tools, Add-Ins from the
menu.

2 Select both SolidWorks Toolbox and SolidWorks
Toolbox Browser. Click OK.

Toolbox will be added to the Design Library.
3 Click Toolbox, Configure from the menu.
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4 Select Define user settings.

Select Create Parts. Click Browse [ then navigate to the SolidWorks Curriculum
and Courseware_201 1\Mountainboard Design Project
\Mountainboard\Hardware folder.

Select Error when writing to a read-only document.

L

bTochox‘E 43123 - User Settings| 4| 5

? - 0%

User Settings

~Files.

Create Configurations

A configuration is added to a master part file each time you use a new size of
a particular fastener.

(@ Create Parts

Rn individual part file is creatad each time you use a new size of a particular
fastener.

(71 Create Parts on Ctrl-Drag

An individual part file is created if you CTRL-drag the fastener from the
Toolbox Browser. A configuration is added to the master part file if you use 2
standard drag.

Create parts in this folder:

C:\SolidWorks Curriculum_and_Courseware_2011\Mountainboard Design E]
Project_Student\Mountainboard'\Hardware

~Writing to read-only documents

(=) Always change read-only status of document before writing

~Part numbers

[T Allow duplicate part numbers for geometrically equal components

~ Designation (For AS, DIN, GB, ISQ, IS and KS only)
[C] Show as Component Name in FeatureManager
[C] Show as Part Number in Bill of Materials

[C] Show as Description in Bill of Materials

Click Save, then Close.
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5 Open Toolbox Browser

Expand Toolbox - F jiEH=#y on the Design Library Task < Design Library g
Pane. The Toolbox Browser appears. @ W@ @
The Toolbox Browser is an extension of the Design Library é"‘?_g"fﬂ‘:’i‘lnch i
that contains all available Toolbox parts. P
- AS )|
The Toolbox Browser is organized like a standard Windows BT
Explorer folder view. o
£ GB
6 Click the pushpin 4& to keep the Design Library open aswe E 5
select other things. .8 115
-- KS |
7 Select the folder Ball Bearings under SKF®\ Bearings. b -
: _ PEM® Metric
-85 SKF®

B-&9 Bearings
&) Ball Bearings

) Torringten® Inch
orrington® Metric
[-&7 Truarc®

U Unistrut® -
4 [ | +

® 9

Angular Contact  Radial Ball Bearing
Ball Bearing

8 Drag aRadial Ball Bearing and drop it C P—
on the bearing cutout in the Hub. Fp— R

& pEM® Matric

= & SKF®
-4 Bearings
43 Ball Bearings

The Radial Ball Bearing property box
will appear.

& Roller Bearings |
Torrington® Inch
Tarringtan® Metric ~

Angular Contact Ball  [[EREIEENEEERE|
Bearing

S

Singls Direction
& Thrust Ball Bearing
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9 Select the size 6001 and a Display of Detailed.

This bearing has a Bore of 12mm and an Outside diameter of v R
28mm which is what we need to fit the hole in the Wheel Hub. Favorites

b3

¥
Click ¥ . A bearing part will be created and added to the @ Lit by Part Number
assembl y. (©) List by Description
Note: Depending on where you drop the bearing, you Descripton:
may get the Mate Pop-up menu to let you mate [Properties A
the bearing. If you do not get the menu, don’'t ize:
worry, we will add the mates manually. (5001 -

10 Therewill till be abearing preview on your cursor, rotate the o 5
assembly so you can see the other side and drop asecond bearing | umer ofsaie:

at the other bearing cutout. (10 -

Display: h

11 Click Cancel # inthe PropertyManager to stop adding [petaied -
bearings. Cage:

[No cage -

Show Balls:
10
File Mame:

SKF - 6001 - 10,DE,NC, 10_58

Comment:

12 AddacConcentric and Coincident matesto position the
bearing so it is bottomed in the bore of the Wheel Hub.

Mate References

Most Toolbox parts have mate references assigned so that they will automatically snap
into position when added to an assembly. Bolts and Nuts have mate references that will
mate them concentric to the bolt hole and coincident with the end surface of the hole.

Mate references are designated entities such as planes, edges or verticesthat allow the part
to be dragged from Toolbox, the FeatureM anager design tree or Windows Explorer asif it
were being dragged by that entity.
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Adding Multiple Toolbox Parts At Once

Toolbox parts can be added to multiple locations at the same time. Instead of dragging the
part from the Toolbox Browser, the mating location or locations are selected first. To
insert the Toolbox item, right-click the part in the Toolbox Browser and select Insert into
assembly.

1 Change the view orientation to the
Front view.

2 Sdlect the Ansi Metric, Bolts and
Screws, Socket Head Screws folder
under Toolbox.

3 Pressand hold Ctrl and select the three
edges of the bolt holes.

4 Right-click the nut Socket Head Cap

Screw Ansi B18.3.1M and select Insert
into assembly.

5 Select the following properties:
« Size: M6

Length: 25

Drive Type: Hex —

Thread Length: 25 [rex ™

Thread Display: Simplified h—

25 ™

Thread Display:
Click “;? . [Simplified -

File Mame:

B18.3.1M - 6 x 1.0 x 25 Hex SHCS

Comment:

Cap Screws have been inserted into each of the three
holes.
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Thread Display

While fasteners such as bolts and screws are fairly detailed parts, they are aso very
common ones. In general, bolts and screws are not the parts that you design. Instead you
will use off-the-shelf hardware components. It is a well-established design practice to not
draw all of the details of fasteners, but to specify their properties and show only an outline
— or simplified — view of them.

The three display modes for bolts and screws are:

a Simplified — Represents the hardware with few details. Most

common display. Simplified display shows the bolt or screw asif it
were unthreaded.

0 Cosmetic — Represents some details of the hardware. Cosmetic
display showsthe barrel of the bolt or screw and represents the size
of the threads as dashed lines.

0O Schematic — Very detailed display which israrely used. Schematic
showsthe bolt or screw asit really appears. Thisdisplay is best used
when designing a unique fastener or when specifying an uncommon
one.

Task 5 — Examine the Mates

Each of the three Cap Screws added by Toolbox was placed with two mates, aConcentric
mate to center the bolt in the hole, and a Coincident mate where the bolt would stop if it
were pushed into the hole. To view the mates:

1 Click the FeatureM anager /( Coincidentl 1 {Wheel Hub<1 =, Socket Head Cap Screw_AM<1=)
des gn tree tab. @ Concentricg (Wheel Hub <1 =, Socket Head Cap Screw_aM<1 =)

2 Click the p| uss gn next to /( Coincident1 2 (Wheel Hub <1 =, Socket Head Cap Screw_AM<2 =)
Mates to expand the mate @ Concentric? (wheel Hub <1 >, Socket Head Cap Screw_AM<Z =)

group. /( Coincidentl 3 (Wheel Hub <1 =, Socket Head Cap Screw_AM<3=)

j}) Concentricl 0 (wheel Hub <1 >, 5ocket Head Cap Screm_AM<3=)

3 Examine the entries. Each
Cap Screw has two mates.
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Task 6 — Add the Nuts

The three nuts can be added with the same procedure. One difficulty will be aligning the
flats of the nuts with the holes as the Toolbox nuts do not have mate references to create
this alignment.

1 Changethe view orientation to the Back
view.

2 Sdlect the Ansi Metric, Nuts, Hex Nuts
folder under Toolbox.

3 Pressand hold Control and select the
three edges of the bolt holes.

Note: You must be careful to select
the edge of the bolt holes and
not one of the edges of the bolt.
If you have the wrong edges
selected, one or more of the
bolts will not be able to be
mated in the assembly and will
cause an error.

Hex Nut Style 1 - ANSI... 7

4 Right-click the nut Hex Nut Style 1-ANSI B18.2.4.1M and select

Insert into assembly. |F"_;'|'“t‘5 A
5  Select the sizes shown, then click ¥ | o ustbrpariune
I List by Descripuon
Three nuts will be inserted into the assembly.
Description:
Properties ]

Size:

s 5

Finish:

[Double Chamfer v]

Thread Display:

[Simplified -

File Mame:
B18.2.4.1M - Hex nut, Style 1, M

Comment:

6 Examine one of the nuts. Zoom in on any of the o
three nuts and observe its position. Notethat the  Snarer
flats on the nut do not line up with the flatsin

the hole.

The mate references contained in the file that
creates the nuts do not contain anything that will
make these faces parallel. We have to do this
manually by adding a Parallel mate between a
flat on the nut and the flat in the hole. Zoom in
on one of the nuts.
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7 TurnontheFilter Face by clicking [EI on the Filter toolbar.

Select Other

There are many times that the face we are trying to select is hidden behind another object.
In the case of the nutsin our current assembly, it is difficult to select either the flats on the
nuts or the flats in the holes.

Select Other is used to select hidden faces or the model without reorienting it.
To select faces that are hidden or obscured, you use the Select Other option. When you
position the cursor in the area of aface and press the right mouse button, Select Other

oy isavailable asan option on the shortcut menu. The face closest to the cursor is hidden

and listed in the dialog under --Hidden Faces--. Other visible faces are numbered and
listed in the dialog. Moving over them in the dialog highlights them on the screen.

The reason the system hides the closest face is since that one was visible, if you wanted to
select it you would have simply picked it with the left mouse button.
9 Click Insert, Mate to open the Mate PropertyManager.

10 Placethe cursor as shown and right-click. Choose Select
Other. The top face of the nut will become transparent
and we are looking at the faces on the inside of the nut.

The cursor will change to % . To select aface under

the cursor, you can click the left mouse button. To remove
aface so you can see deeper into the model, click theright
mouse button.

11 Moveyour cursor over thelist. Each face will highlight
when the cursor moves over it in the list.

12 Click the left mouse button over the face of the
B18.2.4.1M Hex nut to accept thisface. This face will
now be listed in the Mate PropertyManager.

13 Select one of theflat faces of the Hex-Cut. Depending on
the orientation of the model and the nut, you can either
pick the face directly or use Select Other.
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14 Apply aParallel mate. The nut will now rotate to the
correct position.

15 Repeat the above stepsto align the other two nuts.
16 Save the assembly.

Section View

Section View cuts the view using one or more section planes. The planes can be dragged
dynamically. Reference planes or planar faces can be used.

To check our work and see how the parts fit together, we can use the section view.

1 Orient the model to the Isometric view.

2 Click Section View @J on the Heads-Up toolbar or View, Display, Section View on
the menu.

3 Inthe PropertyManager, click @] I . ection Viei:
select the Right plane as the section
plane.

Click + . secton1 A
 Be@

() E—
\{»g\ 0.000mm
B 0.00deg
B 0.00deg

. Edit Color

Show section cap

48 4% 4
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4 Reorient the model to the Right view.

5 Examine the model. Check the fit of the bolts and bearings.
Whilein the section view, you can zoom and pan to get a better 1ook
at theindividual features.

6 To return to the normal view, either click Section View |_@_| onthe

Heads-up View toolbar or clear View, Display, Section View on the
menu.

7 Save the assembly.

Active Learning Experience, Part 4— Create an Exploded View of the Wheel
Assembly

Exploded Views

Exploded views are created to make it easier to see how an assembly is put together and to
see the parts that are normally hidden from view.

You make Exploded Views of assemblies by moving the assembly components one at a
time or in groups. The assembly can then be toggled between normal and exploded view
states. Once created, the Exploded View can be edited and also used within a drawing.
Exploded Views are saved with the active configuration.

You can only create one exploded view for each configuration.

Task 1— Create An Exploded View
1 Orient the assembly to the Isometric view.
2 Click Insert, Exploded View from the menu. This opens the Assembly Exploder.

3 Exploded Views are created one step at atime. To create a step, select a component
either in the graphics area or the FeatureManager design tree.
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4 Select the bearing that is visible. A manipulator triad
will appear. To move a component, drag one of the
manipulator handles.

5 Drag the blue manipulator handle to
the left. The bearing will moveinthe
Z direction. A ruler will appear to
help determine the distance.Drag the
bearing about 140mm.

Note: The exact distance you
move the individual
componentsis not
important as you are trying
to show a picture of how
the components fit together.

6 When you drop the part, it will
change color to magenta and therewill bea
blue drag handle to further refine the
position.

7 When you have the part in the position you
desire, click any clear area of the graphics

area or select the next part you want to
move.

8 Expand the flyout FeatureManager design
tree.

9 Pressand hold the Ctrl key and select the
three bolts.
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10 Drag the blue manipulator about
100mm and all three boltswill move.
When done, click in the graphics
areato complete the step.

11 Reorient the assembly so you can see
the three nuts. Hold down the
Control key and select them all.

12 Drag the nuts away from the
assembly.

13 Select the second bearing and move
it toward the three nuts.

14 Select one of the Wheel Hubs and
move it by the blue manipulator
handle.

15 Repeat for the other Wheel Hub.

16 Wewant the Inner Tube to make two
moves. First will be along the same
direction as the other components,
then we want it to move up along the
Y direction.

17 Select the Inner Tube and move it by ®
the blue manipulator.
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18 Select theInner Tube again, thistime drag the Inner
Tube by the green manipulator handle.

&
Adjusting the Steps e

Now that all the parts have been exploded, we need to adjust

their positions so that we can clearly see each component of the
assembl y. lﬂ Explode Stepl
lﬂ Explode Stepz
The explode steps have been listed in the PropertyManager. If I Explode Stepa

b

Explode Steps

you click the plus sign next to any step, you will seethe o] Explade Stepd
component or components that are moved during that step. 5 Explods Step
= Explode Steps
To change the distances, either right-click a step and select Edit ) Whesl Hub-2
Step, or just select the step. In each case the component or '] Explode Step?
components will change color to magenta and the blue drag '] Explode Steps

handle will appear.

1 Select Explode Stepl inthe
PropertyManager. Drag the bearing to
anew position.

2 Repeat with each Explode Step until
all the components are spaced as
shown.

3 Click " tofinish exploding the
assembly.
4 Save the assembly.
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Task 2 — Collapse the Exploded View
The Exploded View information is stored in the ConfigurationManager.
1 Click the ConfigurationManager tab |[[2, at the top of the FeatureManager design tree.

2 Click the plus sign in front of Default to expand the configuration tree.

3 Click the plussignin front of ExplView1 to show the individual stepsin the Explode
sequence.

4 Right-click ExplView1 and select Collapse.
The exploded assembly will collapse to the assembled form. To explode the assembly,

right-click ExplView1 and select Explode.
Exploded Animations

The Explode and Collapse sequence can also be animated where the steps will take place
in sequence. This can make it easier to see the process.

Animation Controller

The Animation Controller controls the recording and playback of the animation.

Animation Controller @
IHI -i||] [w B Bl 1 b2
LS Y \ \ LALLE Dse\

Play Double Speed
Play Half Speed
Reciprocate
Loop
Once Through
Save Animation

Stop

Pause

End

Fast Forward

Play

Rewind

Start

5 Right-click ExplView1 and select Animate Collapse.
6 The assembly will collapse and the Animation Controller will appear.

7 Click theReciprocate [4* | onthe Animation Controller. The animation will continue
to explode and collapse.

8 To end the animation, click Stop | @ |.

9 Close the Animation Controller.

Note: When the Animation Controller is open, you cannot
access other SolidWorks functions. You must close the
Animation Controller first.

10 Collapse the assembly.
11 Save the assembly.
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5 Minute Assessment — #4

1 What specia piece of sketch geometry is useful, but not required for arevolved
feature?

Which oneisnot avalid sketch for a ! ;
revolve feature? [ .

Why?

2 Examinethethreeillustrations at the right. ' 1
|
|
|
|
|
|

3 What does the Convert Entities sketch A B ) C
tool do?

4 Inan assembly, parts are referred to as

5 Trueor False. A fixed component is free to move?

6 Trueor False. Mates are relationships that align and fit components together in an
assembly.

7 How many components does an assembly contain?

8 Inwhich window do you find ready-to-use hardware components?

9 Trueor False: Parts from Toolbox automatically size to the components they are being
placed on.

10 True or False: Toolbox parts can only be added to assemblies.
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Exercises and Projects — Additional Mountainboard Parts

The following parts will be needed for the suspension of the mountainboard. The
compression spring will be made in alatter lesson.

Fender Washer

— / Spring Retainer

Spring Dampener

Compression Spring

Exercise 11: Fender Washer
The Fender Washer is asimple revolved part.

1 Revolve the washer from the sketch B8
shown. |- o
2 Savethe part as Fender Washer to the L
Mountainboard\Parts folder. ; !
|
b
@5 Pt
180
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Exercise 12: Spring Dampener

Create the Spring Dampener as arevolved part.
1 Create a sketch on the Front plane.

2 Create two centerlines from the Origin. Select .
the horizontal centerline and click Dynamic
Mirror Entities @

3 Sketch avertical linefrom the Origin, then from
its end sketch a horizontal line.
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4 Turn off Dynamic
Mirror Entities. Select

3 Point Arc I_E_I. -

Creating a3 Point Arc K

isatwo step process. K
Sketch from the end of i
one of the horizontal |

lines to the end of the

other, then release the '
mouse button.

Place the cursor over
the arc, then drag the ;
arc to adjust its size. H

Dimension the sketch
as shown.

TIP:

The 6.35mm and 13mm dimensions must be
created to the centerline, NOT the vertical
linein the sketch. After selecting, move the
cursor to the left of the centerline to create
the diameter dimensions. Also, remember to
change the 13mm dimension to Minimum
arc condition in the dimension properties.

Lesson 4: Revolved Features — The Wheel Hub

A= 105.84° R = 2343

Revolve the part about the vertical centerline.

Use the Hole Wizard to create a M3 clearance
hole.

Save the part as Spring Dampener to the
Mountainboard\Parts folder.
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Exercise 13: Spring Retainer

1 Create abase revolve using the dimensions B
shown. = =l

2 Create arecess cut 13mm in diameter and
0.75mm deep.
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3 CreateaThrough All cut, 5mm in diameter.

4 Create anew plane 25mm from the top face of the
model.

5 Extrude aBlind cut.

Sketch acircle 6mm in diameter on the new plane.
Extrude a cut to a Blind depth of 19mm.

6 Addal mm filletand a
0.5mm by 45° chamfer
to the edges shown.

Fillet

Chamfer.
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7 Add appearances to the part.
Make the overall part black
high gloss plastic and the
center hole and the chamferson
each end yellow high gloss
plastic.

8 Save the part as Spring Retainer to the Mountainboard\Parts folder.
9 Close the part.
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Exercises and Projects — Revolved Parts

Exercise 14: Flange

Create this part using the dimensions provided. Userelationswisely =
to maintain the design intent.

-
Thislab uses the following skills: o~
0 Revolved features.
a Circular patterning. ’ .

Units: inches

Design Intent
The design intent for this part is as follows:
0 Holesin the pattern are equally spaced.

0 Holesare equal diameter.

a All filletsare equal and are R0.25".

Note that construction circles can be created using the Properties
of acircle.

Dimensioned Views

Use the following graphics with the description of the design intent to create the part.

Top View ~—— ©5.500 F750
\. < s ~
AVE
A, A
— {1,500 —
-~ 2,750 —
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Front View ©4.950

@ .500

Exercise 15: Wheel

Create this part using the dimensions provided.
Use relations wisely to maintain the design intent.

This lab uses the following skills:
0 Revolved features.
Q Optional: Text in a sketch.

Units; millimeters

Design Intent

The design intent for this part is as follows:

a Part is symmetrical about the axis of the hub.
Q Hub has draft.
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Dimensioned Views
Use the following graphics with the description of the design intent to create the part.

Front and Top views, and Section A-A from Front view.

?80
- 020
T - :! ‘&\\ J
40 | ——
l = ". rf

R 29 *J
b 4
Fi i
D24

gy M |

-5

SECTION A-A

Optional: Text in a Sketch

Text can be added to a sketch and extruded to form a cut or aboss. The text can be
positioned freely, located using dimensions or geometric relations, or made to follow
sketch geometry or model edges.

1 Construction geometry.

Sketch on the front face and add construction
lines and arcs as shown.

TIP:  Use Symmetric relationships
between the endpoints of the arcs
and the vertical centerline.
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2 Textonacurve.
Create two pieces of text, one attached to each
arc. They have the following properties:
Text: Designed using
« Font: Courier New 11pt
« Alignment: Center Align
« Width Factor: 100%
+ Spacing: 100%
Text: SolidWorks
- Font: Arial Black 20pt.
+ Alignment: Full Justify
+ Width Factor: 100%
» Spacing: not applicable when using Full Justify
3 Extrude.
Extrude a boss with a Depth of 1mm and Draft of 1°.
4 Save the part and closeit.
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Lesson 4 — Quiz

Name; Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1 How do you start a new Assembly document?

2 What are components?

3 TheConvert Entities sketch tool projects selected geometry onto the
plane?

4 True or False. Edges and faces can be selected items for Mates in an assembly.

5 A component in an assembly displays a(-) prefix in the FeatureManager. Isthe
component fully defined?

6 What actions do you perform when an edge or face istoo small to be selected by the
CUrsor.

7 How do you establish a mate relationship between a Toolbox part and the part it is
being placed on?

8 How would you determine the correct length of a machine screw that fastens two parts
using a washer, lock washer, and nut?

9 How do you specify the location of a Toolbox part?

10 Trueor False. Screw threads are always displayed in Schematic mode — showing all
details.
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Lesson Summary

a

a

O O 0O O 0O O O

Revolve feature is created by rotation a 2D profile sketch around an axis of revolution.

The profile sketch can use a sketch line (that is part of the profile) or a centerline asthe
axis of revolution.

The profile sketch cannot cross the axis of revolution.
t t

'
|
|
|
|
|
|
| |
.

|

|

|

|

. l
Good Good No Good

Files can be imported from other CAD software using neutral file formats.

Toolbox provides ready-to-use parts — such as bolts and screws.

Toolbox parts are placed by dragging and dropping them into assemblies.

An assembly contains two or more parts.

In an assembly, parts are referred to as components.

Mates are relationships that align and fit components together in an assembly.

Exploded views can be animated to more clearly show the assembly steps.

Mountainboard Design Project with SolidWorks 191



5

Lesson 5: Thin Features — The Deck

a You will be ableto create, modify and analyze the following part. Thisis the deck of
the mountainboard.

Before Beginning This Lesson

a Complete the previous lesson: Revolved Features — The Wheel Hub.

Resources for This Lesson

This lesson plan corresponds to:

0 Design Tables

0 SolidwWorks SimulationXpress in the SolidWorks Online Tutorials.

For more information about the Online Tutorials, See “Online Tutorials’ on page 1.
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Review of Lesson 4: Revolved Features

Questions for Discussion

1 Describe the steps required to create arevolved feature

2 Describe an assembly.

3 What does the command Convert Entities do?

4 What does a selection filter do?

5 What does it mean when a component in an assembly is“fixed”?

6 What are mates?

7 What are degrees of freedom?

8 How are degrees of freedom related to mates?
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Outline of Lesson 5

Lesson 5: Thin Features — The Deck

O In Class Discussion — Mechanics of Solids and FEA

a Active Learning Exercise, Part 1 — Create the Deck

Create alayout sketch
Extrude as thin feature
Cut as athin feature
Add Chamfers

Using the Hole Wizard
Copy sketch

Apply atexture

Apply amateria

0 Active Learning Exercise, Part 2 — Initial Analysis

L]

L]

L]

L]

L]

Using SolidWorks SimulationX press
Add Fixtures

Add Loads

Analyze the model

Examine the results

Q Active Learning Exercise, Part 3— Configurations

Create part configurations
Suppress features
Cresate split lines

O Exercises and Projects — Thin Features

Q Lesson Summary
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In Class Discussion — Mechanics of Solids

0 Mechanics of Solids
+ Exterior Loads
« Interior forces
+ Material properties

O Exterior Loads

Exterior loads are determined by using a free body diagram and the application of
Newton’'s Laws.

O Free Body Diagram

+ Free Body Diagrams remove the external connections of the model and replace them
with the resultant forces and moments acting on the body.

O Newton'sLaws

Sir Isaac Newton (1642-1727) formulated the fundamental principles of mechanicsin
three laws.

o First Law

If the resultant force acting on a particle is zero, the particle will remain at rest (if
originally at rest) or will move with constant speed in a straight line (if originally in
motion).
What this saysisthat for abody at rest or in constant motion, the sum of theforcesin
any direction must add up to zero. Also, the moments about any point must also be
zero.

+ Second Law
If the resultant force acting on a particle is not zero, the particle will have an
acceleration proportional to the magnitude of the resultant and in the direction of the
resultant force.
If you push on a body, like the mountainboard, it will continue to move faster and
faster. If there was no friction or wind resistance, it would just keep accelerating. In
the real world, as the mountainboard picks up speed, friction and wind resistance
increase until they equal the force you are pushing with. At this point we go back to
the first law where the sum of the forces are equal and the mountainboard continues
at a constant speed.

e Third Law
The forces of action and reaction between bodies in contact have the same
magnitude, same line of action and opposite sense.
Q Internal Forces

+ Stress - measure of force per unit area. Units are normally pounds per square inch or
Newtons per square meter.

+ Strain - measure of elongation measured in units of length/length such as inches per
inch or millimeter per millimeter.
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0 Part Deformation
The deformation resulting from totaling al the internal strain.

a Finite Element Analysis
Finite Element Analysis or FEA isanumerical method to determine properties across a
section of interest. FEA is used to solve many problems in machine design, acoustics,
electromagnetics, solid mechanics, fluid dynamics and many others. FEA uses
numerical techniques to solve field problems described by a set of partial deferential
eguations.
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Active Learning Exercise, Part 1 — Create the Deck

Follow the instructions in this lesson you will create the mountainboard deck, shown
below. Once complete, basic analysis will be done to check the strength of the part.

Design Intent
The design intent for the Deck is:
Q The Deck will be created as alaminated piece.
O The Deck is symmetric front to back and side to side.
a Mounting holes must be provide to attach the Bindings.
0 Mounting holes must be provided to attach the Truck.

QO The Deck must support an average rider of 75 kilograms but should be able to support
riders up to 100 kilograms.

Thin Features

Thin Features are made by using an open sketch profile and applying awall thickness.
The thickness can be applied to the inside or outside of the sketch, or equally on both sides
of the sketch. Thin features creation is automatically invoked for open contours that are
extruded or revolved. Closed contours can also be used to create thin features.

Thin features can be created for extrudes, revolves, sweeps and | ofts.

Layout Sketches
Layout sketches can be used to capture some or all of the design intent.
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Task 1— Create a Thin Extrusion
1 Create anew part using the Part_ MM template.
2 Open asketch on the Front plane.

3 Draw two construction lines, one vertically from the Origin and the second horizontal
through the Origin.

The deck is symmetrical so we will use the vertical construction line to mirror sketch
entities.

The horizontal construction lineis used to set the bottom of the sketch and make it
easier to create a sketch that is close to the correct size.

4 Add amidpoint relationship between the horizontal construction line and the Origin.
Press and hold the Control key and select both the Origin and the horizontal
construction line.

In the PropertyManager select |?| to add the Midpoint relationship.

5 Add adimension to the line of 1?00mm.

6 Mirror aswe sketch. Click the vertical centerline, then click Dynamic Mirror Entities
I_Ej on the Sketch toolbar to begin mirroring the sketch.

7 From one end of the horizontal centerline draw avertical centerline and dimension it

70mm.

8 Click thePoint | # | tool onthe 1
Sketch toolbar and click onthe _:L ,-—L
horizontal centerline. The . ———] 70
sketch mirror will create a ‘ l 450 l - F
second point on the other side | 1000

of the Origin.
9 Dimension the distance between the two points 650mm.

10 Sketch aline, tangent arc, and 1
another line as shown. ) v 1 s

Dynamic Mirror Entities will L | 70
. . - — —  — — —— — — — — i . —
create amirror image. ‘ | 450 ! i
I |
11 Turn off Dynamic Mirror | 1000

Entities by clicking [£] in the
Sketch toolbar.

12 Sketch atangent arc to connect '
the two halves of the sketch. \/\/ N
13 Add relationships. Select the : l_ :

' 70
left arc and Control select the l—-__r --------- T_._._Il_r
horizontal construction line. In ‘ I 650 |
the PropertyManager select | 1000
Tangent |§|.

14 Select the left arc again and control select the left point we added. In the
PropertyManager select Coincident.
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15 This makes the arc tangent at this specific point.
16 Select the two points shown.In the

PropertyManager select |+ )
Merge. Because the endpoint of i
the construction lineis fully Select
defined, the sketch line must move I
toit. L ==

17 Add the two dimensions shown.

Make sure that the 175mm dimension is aligned to the line segment After selecting the
line, the dimension can be changed to the three possible types of dimensions
(horizontal, vertical, aligned) based on the position you drop the dimension. The three
possibilities are shown below. To lock the type of dimension, right-click when the
cursor position gives you the desired type of dimension. Once locked, the cursor can be
moved without changing the type of dimension.

Aligned Horizontal Vertical

/\ ~— 143.570 ﬁ
175

( 1001064

Correct Incorrect Incorrect

18 Add adimension from the center arc to the horizontal centerline. Place the dimension
below the horizontal centerline and accept the existing dimension.
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Arc Conditions

By default, when we dimension from acircle or
arc to something else, the dimension will be
from the circle or arc centerpoint. This can be Center |~ 1.500 -
changed to the Minimum or Maximum arc
conditions by either of two methods:

a Drag the dimension’s extension line to the 7\

Maximum - 2,000 -

Minimum f=— 1,000

arc or circle

O Edit the Properties of the dimension.

When dimensioning to an arc, Minimum and Maximum
Maximum conditions still apply. The Minimum

condition in this case, appearsto be going to a Center = 1.500 -
blank space. Why?

Minimum t—— 1,000

Even though we see an arc, the underlying
geometry isacircle.
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19 Change the dimension to the Minimum arc condition. Select the ——
Leaderstab in the PropertyManager. v
20 Select Min for First arc condition. [Vabe | Leaders | other
Witnﬁsﬂ_eafr Display 3
Note:If you do not see the three radio buttons for First arc condition, NI @g

you did not select the arc. You must select on the arc itself, not o
its center point or endpoint. @@

Use document bend length

12.000mm

21 Click OK. Leader Style A
22 Double click the dimension and change it to 40mm. | et
23 Clickok.

[[] Custom Text Position ¥

Arc Condition A

First arc condition :

JCenter @ Min () Max

24 The sketch is now fully defined.

. ot
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Note: If after placing the dimension between the .

arc and the horizontal centerlineyour sketch |
looks like the sketch at right, your arcistoo 175 |
far above the horizontal centerline. :

If you could visualize the underlying circle .
used to create the arc, you would see that |
theinitial dimension actually goestothe 175 i
center of the arc. :

The minimum arc condition will be to the ,
lower part of the circle becauseiit is closer |
to the centerline. 175 |

To get the dimension we want, we must first .
drag the sketch closer to the correct |
position, BEFORE adding the dimension. 175 |
We want the center of the arc to be below

the horizontal centerline. Thiswill mean |

that the upper part of the circleis closer
(minimum condition) to the horizontal \
centerline than the lower part of the circle / L

which will then be farther away (maximum ~—-— R
arc condition). k .
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25 Create athin extrusion. Click Extrude Boss/Base |__| on the
Features toolbar.
26 Select Mid Plane for Direction 1 and set the Depth to 230 mm.

Mid plane depth refers to the total depth of the extrusion. In this
case, the extrusion will be 115mm to each side of the sketch.

& R G

From A
Sketch Plane -
Direction 1 A
Mid Plane -
v
& 230.000mm T
D1 -
Draft outward
Thin Feature A
| A | One-Direction hd
& 12.000mm T
T -
Auto-filet corners

Because we are extruding an open sketch, Thin Feature is checked by default. For thin
features, T1 isthethickness of the extrusion in the sketch plane. Thickness can be added to

either side of the sketch or both. Type 12mm for the thickness.

Check the direction of the thickness. The sketch should be at the bottom of the thickness,
not the top. To change the direction on which the thickness is added, click [#,] in the

PropertyManager.

| |
Correct Incorrect

29 Click ¥ . Theextrusion is created,
230mm wide and 12mm thick.

30 Save the part as Deck.sldprt to the
Mountainboard folder.
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Task 2 — Round the Ends

Open sketches can also be used to create cuts. When using an open sketch to create a cut,
you must decide which side of the cut to keep and which to remove.

Reorient The View “Normal To”

The View Normal To option isused to change the view orientation to adirection normal to
a selected planar geometry. The geometry can be a reference plane, sketch, planar face or
feature that contains a sketch.

Clicking the Normal To |_§_| icon a second time will flip the orientation around to the
opposite side of the plane.

Zoom To Selection

Zoom to Selection [E] zoomsin on the selected entity. You can select the entity in either
the Graphics Area or the FeatureM anager design tree.

1 Toround the end of the Deck, we want to
sketch on the face shown. To make it Selected face
easier to sketch, change the view to
Normal To the face. Select the face and
click Normal To || on the Heads-up
View toolbar.

We are now looking normal to the face on
which we want to sketch.

2 With the face still selected, click Zoom to

Selection [} on the View toolbar. This
will zoom in to the selected face.

3 Create a sketch on this face.

4 Click |_§_| on the View toolbar to show Shaded With Edges. Thismakesit easier to see
where each face ends.

5 Click the Centerline tool I:I and draw a centerline from the

.
midpoint of the vertical edge. Midpoint

6 Click Dynamic Mirror Entities I_E_I on the Sketch toolbar. =
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7 Sketch aLine and Tangent Arc as shown.
8 Turn off Dynamic Mirror Entities.

9 Sketch aTangent Arc to connect the two existing arcs.

/
10 Add aTangent relationship between the arc and
the edge of the board as shown. Coincident /
11 Add aCoincident relationship between the
endpoint of the line and the vertex asshown. | == -~7
12 The sketch should now be fully defined. Tangent
13 Add the three dimensions shown. 1
9 /R65
R120

14 Use the open sketch to cut off the end of the
Deck.Click to create aInsert, Cut, Extrude
from the menu.

15 Reorient the model to the Isometric view and
Zoom in. Using an open sketch will
automatically choose to cut Through All in
both directions. Locate the Flip Side To Cut
arrow, it points to the side of the sketch that
will beremoved. Make sureit is pointing to the
outside.

Flip side to cut arrow
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16 To change the side to remove, you can click on the Flip Side To F Cut-Extrude
Cut arrow or select Flip side to cut in the PropertyManager. v R 6

From

b3

Sketch Plane -
Direction 1 A

Pl r—
7

@ :

Draft putward

D

3

Direction 2

@ :

17 Click ¥ to complete the cut. \:

Mirroring Features

b3

Features can be mirrored about a plane or planar face. The mirrored features maintain a
relationship with the original features such that any changes to the original features are
also made on the mirrored features.

18 Click Insert, Pattern/Mirror, Mirror from the menu.

19 Click on heading Mirror in the PropertyManager, thiswill cause the FeatureM anager
design tree to “fly-out” over the graphics area.
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20 Inthe FeatureManager design tree, select the Right plane, then select Extrudel. The
Right planeisthe mirror plane and Extrudel isthe feature we are mirroring. The
preview should look like this:

7, E-% Deck (Default<<Defaults_..
E |% ® @ —[ﬁl Sensars
MU EHA] Annotations
v R 3= Material <not specified >
_\<> Frant Plane
Mirror Face/Plane A S Taop Plane
o % i —]
—1. Qrigin
——— Al & Extrude-Thint
EHE] -

¥ |CutExtrudel

21 Click ¢ .
22 Save the part.

Task 3 — Smooth Out The Edges

The transition between the cut we just made and the side of the Deck created a hard edge.
Both for aesthetics and safety we would like a smoother transition. This can be
accomplished isalarge radiusfillet.

1 Click Fillet |_@_| on the Features
toolbar to create afillet.

2 Select the four edges shown.
3 Set thefillet radiusto 250mm.
4 Click OK.

Select

5 Adda3mm by 45deg chamfer to the B
top and bottom edge of the Deck. \

Distance: [3.000mm
Angle: 45 00ceq
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6 Click |_§_| on the Heads-up View
toolbar to remove the edge display.
7 Save the part.

Task 4 — Add The Binding Mounting Hole Patterns

Mounting holes must be added for the bindings and the trucks. Because the Deck is
symmetrical, we could add the holes to one side of the Deck and mirror them to the other.
Another approach isto copy the features.

Copy Sketches and Features

Sketches and features can be copied and pasted into new locations using the same method
we would use in any other Windows based program.

When we copy and paste features, we are copying both 2D and 3D information. The 2D
information is contained in the sketch. The 3D information is the feature definition and
end conditions

To copy a sketch or feature, select the sketch or feature, then:
0 Click Edit, Copy from the menu.
a TypeCtrl +C

To past a sketch or feature, select the plane or face where you want to paste the sketch or
feature, then:

o Click Edit, Paste from the menu.

a TypeCtrl +V

1 Create the hole pattern for the Binding.
Select the face shown and open a sketch.

2 Change the view orientation by clicking
Normal To [L.] on the View toolbar. Then,

click Zoom to Selection |E_g|

3 Click (] to show the model Shaded With
Edges.
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4

10

11
12
13

Sketch a centerline between the two
midpoints as shown.

Select Dynamic Mirror Entities @

Sketch onecircle.
Turn off Dynamic Mirror Entities.

Sketch a second centerline, vertically from
the midpoint of the first centerline.

Sdlect this new centerline, then hold
Control and select the two circles.

Click Mirror Entities @ to mirror the two
circles.

Dimension the sketch as shown.
Create acut, Through All.
Rename this feature Binding Holes.

Task 5 — Copy The Binding Holes Sketch
1 Copy the sketch for the Binding Holes. Click the plus sign next to the Binding Holes

feature and sdlect the sketch.

Lesson 5: Thin Features — The Deck

Mid

point

\

&)

2 Click Edit, Copy from the menu. This places a copy of the sketch on the Windows

clipboard.
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3 Sdlect the face shown. Thisis where we will
paste the sketch.

Select

4 Click Edit, Paste from the menu. The sketch
will appear on the selected face but its position
will depend on where you picked the face to
select it. A new, under defined, sketch appears
in the FeatureM anager design tree.

5 Edit the new sketch. Right-click the new
sketch and select Edit Sketch.

6 Changetheview orientationto Normal To the
sketch.

7 The sketch has been copied with al the
dimensions. What could not be copied were
the relationships to things outside the sketch.
In this case, that would be the midpoint
rel ationships between the ends of the
horizontal centerline and edges of the sketch
plane.

8 Click [,/ Add Relation on the Sketch
toolba