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Lesson 1
Introduction

When you complete this lesson, you will be able to:

m  Understand how to use this book for the F1 in Schools™ Design Project for
R-Type Cars.

m Start a SolidWorks Session

Download the required files, folders, and models for this project

m  Add a folder to the SolidWorks Design Library in the Task Pane
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Using This Book

The F1 in Schools™ Design Project helps you learn how to apply 2D and 3D
SolidWorks modeling principles and techniques to create a Race Car Assembly
and Drawing.

You will be learning by doing as you complete the lessons in this book:

Ability to create a SolidWorks session.

An understanding of the SolidWorks user interface and toolbars.
Aptitude to open parts and create a 3D Race Car Assembly.
Create a detailed multi-Sheet drawing of the Race Car Assembly.
Apply the Measure and Mass tools.

Apply Analysis tools.

What is SolidWorks Software?

SolidWorks is design automation software. In SolidWorks, you sketch ideas and
experiment with different designs to create 2D and 3D sketches, 3D models, and
2D drawings using the easy to learn Windows® graphical user interface.

SolidWorks is used by students, designers, engineers and other professionals to
produce single and complex parts, assemblies, and drawings.

Prerequisites o R
Before you begin the F1 in Schools™ Design 2 | Solidworks Help
Project you should review and complete the - Sojdwiorks Tutorials
following SolidWorks tutorials that are | Quick Refererce Guide

integrated in the SolidWorks software:

m Lesson1 - Parts
m Lesson 2 - Assemblies
m Lesson 3 - Drawings

You can access the tutorials by clicking Help,
SolidWorks Tutorials, Getting Started. The

online tutorial resizes the SolidWorks window
and runs beside it.

30 Minute Lesson
AutoCAD and SolidWorks

As an alternative, you can complete the |Lesson 1-Pgrs
following lessons from An Introduction to |Lesson 2 - Assembiies
Engineering Design With SolidWorks: |Lesson 3 - Drawings

Lesson 1: Using the Interface

Lesson 2: Basic Functionality

Lesson 3: The 40-Minute Running Start
Lesson 4: Assembly Basics

Lesson 6: Drawing Basics

2 Using This Book



SolidWorks Lesson 1: Introduction
Engineering Design and Technology Series

Conventions Used in This Book
This manual uses the following typographical conventions:

Convention Meaning

Bold Sans Serif | SolidWorks commands and options, that you select, appear
in this style. For example, Insert, Boss means choose the
Boss option from the Insert menu.

Typewriter File and Folder names appear in this style. For example,
EDU Curriculum.

17 Do this step. | The steps in the lessons are numbered in sans serif bold.

Before You Begin

If you have not done so already, copy the companion files for the lessons onto
your computer before you begin this project. If you are running the Student
Design Kit, download the zip file from the F1inSchools website and skip Step 2.

1 Start a SolidWorks Session.
From the Start menu, click All Programs, SolidWorks, SolidWorks. The
SolidWorks application is displayed.

Note: If you created the SolidWorks icon on your desktop, click the icon to start a
SolidWorks Session.

2 SolidWorks Content. SoldWorks Resources =
Click the SolidWorks Resources || tab from the G -
Task pane. [] New Document

] |.\~_l

= Open a Document

&l E% Curriculum
= Tutbmials

'? What's New

_? Educator Resources

Click the EDU Curriculum folder as illustrated.

CECE

L General Information

Conventions Used in This Book 3
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Double-click the Race Car Design Project folder.

Ctrl-click the Race Car Design Project folder as
illustrated. A dialog is displayed.

SolidWorks

Engineering Design and Technology Series

Design Library +
8 @ o @
ol Design Library
) lego
il GearsEducationalSystems
o) sobdworks-vex2
il Final simpified version
& Toolbox
« @ 3D ContentCentral
= i) soldworks Content
= Blocks
# I Routing
+ 7 Soldworks Educator Curriculum
= Weldments

[ | O] & [Ea [

_EDU Curriculum
Introduction

-
Bridge Design
Project

Ratafﬂg Design

Project

ENEEE

Design Library =]
@ a o o@
= 0 soidworks Content
1 Blocks

¥

1= solidworks Educator Curriculu

7 _EDU Curriculum Introduct

= Bridge Design Project

7 €02 Car Design Project

= COSMOS Student Guides

7 Mountain Board Design Pro

7 Seabotix ROV Design Proje

I solidworks Student Guide ¥
< b

5

Race Car Design
Project

Before You Begin
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3 Download the Zip file. e 2%
Press the Ctrl key and click the icon. -

Please select a folder to download the ZIP file to:

You will be prompted for a folder in which
to save the Zip file. €]

Desktop ks

i | 200§§Product and Goals

® (£ 2007

® (5) 2007FormulaRaceCar-backup
I3 2008

|3 2008 Budget

(53 2008 Curriculum

Ask your teacher where you should save
the Zip file.

Tip:  Remember where you saved it.
4 Open the Zip file.

23]

(=]

Browse to the folder where you saved the (5 2008 Goals : =
Zip file. k -
Double-click the Race Car Design Folger; | My Documents

Project flleSle flle ’ Make New Folder ] [ OK I i Cancel ]

!"'.j! WinZip - Race Car Dasign Project files.zip

Mle Actions View Jobs Options llelp
. o e e j > P 4 =t
¥ e ! .- ] i ) b ki
O @ & @ @ © e &8 ¥ W
Ivewr open Favorilzs Add Exlracl Enciypl Ve CheckQul  Weaid  View Slyle
Name Type Modfied S..| R. Packed | Fath 2
W \Whee.SLDPRT SolidWorks Part Document  3/13/2008 4:4€ PM 1. 2. 985226 RacaCarDe
"B Race Car Dock.SLDPRT SolidWorks Part Document  3/14/2008 9:01 AM 2. G.. 33611 RaceCerDe
G vwhiee-A SLDPRT SulidWorks Parl Ducument  3/15/2008 11:55AM 1., 2. 1,060,.. RaizCer De
Q Hace ar docke-aSL0RH ] soldworks Hart Document  3/15/2008 11:5 AM 5. 3. 35/ 182 HacaLzrDe
"B Race Car ASLDASH SolidWorks Assembly Doc...  3/15/2008 11: 5. . 412.020 Race Cor De
@ Axle-A.SLDPRT SolidWorks Part Document 1. 5.. 53001 =z Car De
Q&Axle.s:.i_)ml =olidworks Hart Document 31502008 2:41 PM : B o 91,7493 Race CarDe o
< 1
5 Extract all files.
Browse to the location where you want to save the files. The system will |
Extract

automatically create a folder named Race Car Design Project files in
whatever location you specify. For example, you might want to save it in the My
Documents folder.

Check with your teacher about where to save the files.

You now have a folder named Race Car Design Project files on your hard drive.
The data in this folder will be used in this book.

Before You Begin 5
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Add the Folder to the Design Library Path

SolidWorks
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The Design Library is a convenient way to access the parts used in the exercises.
It is more efficient than clicking File, Open from the Menu bar menu and
browsing for a file. All that is necessary is to add the Race Car Design Project
SolidWorks files folder to the search path of the Design Library.

The Race Car Design Project files folder contains two sub-folders: Lang and Race

Car Design Project SolidWorks files.

Task Pane.
Click the Design Library || tab to
open the Design Library Task Pane.

Add folder.
Click the Add File Location [ili| tab
from the Design Library.

Browse to where you extracted the
project files in Step 4 page 5.

Click the Race Car Design Project
files folder.

Click the Race Car Design Project
SolidWorks files folder.

Click OK.

Results.

The contents of the Race Car Design
Project SolidWorks files folder is now
accessible through the Design Library.

,J Lang

I Race Car Design Project SolidWorks
Files

% Design Library o
@O
2 Trebuchet Design Project ~
L7 Weldments
# qffl Design Library

B EER R

o) lego

il GearsEducationalSystems
&) solidworks-vex2

&) Final simplified version

&) Vex Starter Kit v

6 i} Race Car Design Project SoidWorks Fles
T Toobox g

= 4@ 3D ContentCentral

~ &2
Axle Race Car Block
@ s
Wheel Analysis

Add the Folder to the Design Library Path
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Lesson 2
Designing the Race Car

When you complete this lesson, you will be able to:

Describe important factors to the performance of a CO,-powered Race Car
Create the Race Car Assembly from an existing model using the following
Feature and Sketch tools: Extruded Boss/Base, Extruded Cut, Line, Sketch
Fillet, Fillet, Smart Dimension, Mate, Explode, and Rotate Component
Insert components into a new Assembly

Apply Standard Mates between components in the Race Car Assembly
Create an Exploded configuration of the Race Car Assembly

Apply the Mass Properties tool

Apply the Measure tool

Open Parts from the Race Car Assembly

Confirm the required Race Car dimensions for Type-R with the Rules and
Regulations of the F1 in Schools™ Design Project contest
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Important Design
Considerations

Within the framework of the
F1 in Schools™ Design
Project contest
specifications, there are a
few factors to keep in mind
when it comes to building a
winning car. These are:

Note:

Engineering Design and Technology Series

Friction

Energy used to

overcome friction is

energy that isn’t being
used to accelerate your Race Car. Sources of friction include:

* Wheels and axles: if the wheels do not spin freely, the Race Car will be
slow.

» Misaligned axles: if the axle holes are not drilled perpendicular to the
centerline of the car, the car will have a tendency to turn to the left or right.
This will cost you speed and the contest!

» Misaligned screw eyes: if the screw eyes are not positioned and aligned
properly, the guideline can drag on them, the car body, or the wheels. This
can slow the car dramatically.

» Bumps or imperfections in the rolling surface of the wheel. The more
perfectly round and smooth the wheels are, the better they will roll.

Mass

There is a finite amount of thrust produced by a CO, cartridge. It stands to
reason that a car with less mass will accelerate quicker and travel down the
track faster. Reducing the mass of your car is one way to build a faster car.
Keep in mind that the contest specifications stipulates a minimum mass of
55grams for the vehicle.

Aerodynamics
The air exerts a resistance, or drag, as the car tries to move through it. To
minimize drag, your car should have a smooth, streamlined shape.

Check in the back of this lesson for a summary of the required design
requirements for your Race Car Assembly. Visit www.flinschools.co.uk for
updated design requirements and specifications.

Important Design Considerations
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About Balsa

Balsa trees grow naturally in the humid rain
forests of Central and South America. Its
natural range extends south from
Guatemala, through Central America, to the
north and west coast of South America as
far as Bolivia. However, the small country
of Ecuador on the western coast of South
America, is the world’s primary source of
balsa for model building.

Balsa needs a warm climate with plenty of
rainfall and good drainage. For that reason,
the best stands of balsa usually appear on
the high ground between tropical rivers.
Ecuador has the ideal geography and
climate for growing balsa trees.

Balsa wood imported into North America is
plantation grown. Don’t worry about
destroying the rain forests by using balsa —
it grows incredibly fast. In 6 to 10 years the
tree is ready for harvesting, having reached
a height of 18 to 28 meters (60 to 90 feet) and a diameter of about 115 centimeters
(45 inches). If left to continue growing, the new wood on the outside layers
becomes very hard and the tree begins to rot in the center. Unharvested, a balsa
tree may grow to a diameter of 180 centimeters (6 feet) or more, but very little
usable lumber can be obtained from a tree of this size.

Use balsa wood with a clear conscience. The rain forests aren’t being destroyed to
harvest it.

Start SolidWorks and Open an Existing Part
1 Start the SolidWorks application.
From the Start menu, click All Programs,
SolidWorks, SolidWorks. The SolidWorks graphics
area is displayed.

2 Task Pane.
Click the Design Library || tab to open the Design
Library Task Pane.

SolidWorks Resources &
Getting Started A

[} Mew Document

L.E? Open a Document

= Tutorials

'?‘ What's Mew

L' General Information

About Balsa 9
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3 Open the Race Car Block. % Design Library 7]
Click the Race Car Design Project SolidWorks - @B
Files folder located in the Design Library. W s =
) ) ) [ = &l Design Libra
The contents of the folder is displayed in the }2 gﬁg dLb K
- - - - T GearsEducationalSystems
lower portion of the Design Library window. : i
2| il Final smpified version
Drag and drop the part named Race Car Block @g —
into the SolidWorks graphics area. View the E Tobx 'k
model and the FeatureManager design tree. Note: ) |
This may take 10-20 seconds. ~ & ———
Axle Race Car Block
The FeatureManager design tree located on the
left side of the SolidWorks window provides an ‘
outline view of the active model. This makes it ng m:; i
easy to see how the model was constructed.

The FeatureManager design tree and the graphics area are dynamically linked.
You can select features, sketches, drawing views, and construction geometry in

either pane.
BfsolidWorks | Fie Edt View Insert Tools Toobox Window Hep Ql[] e T T R P
s@ Revolved Boss/Base s 0 RevovedCut @) 2% i Rb [@ Wrap
Extruded (3 SweptBoss/Base | Extruded Hole (8 SweptCut ~ Fiet Lnear & praft @ Dome >
Boss/Base [ | ofted Boss/Base Cut  Wzard [[f§ Lofted Cut . - [E shel @8 Mirror
Features | Skelch | Evaluate D'EEEE @, O % W@ (P G- - B~ - B %

Y led-E %
&3

W Race Car Block
A Annotations
§=Raka
¥ Front Flane
% Top Plane
% Right Flane
-1, crigin
1+ & Balsa Block 4
i+ [@) Screw Eve Slot
i+ [@ COZ2 Cartridge Hole
1+ [@) Axle Hole Cut Qut
- () sketchs
B () sketchs
[* sketch?
E* sketcha

I

]
ol

:

€

Solidworks Office Premium 2008 EdiingFart [ &

10 Start SolidWorks and Open an Existing Part
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4 Review the Created Features and
Sketches in the Model.
Drag the rollback bar upwards to a
position before the Balsa Block
feature as illustrated.

Just the Balsa Block feature is
displayed.

Double-click the Balsa Block feature
in the FeatureManager. The feature is
displayed in blue in the graphics area
and Sketchl is displayed. View the
dimensions.

The Balsa block is 223mm x 50mm x
65mm. If you plan to use a fixture to
machine your car, you must make

Lesson 2: Designing the Race Car

Y (el NS
T

%, Race Car Block

i [A] Annotations
3= Balsa
%> Front Flane
% Top Plane
& Right Plane
1, origin

i [[§ Balsa Block

B (-) Sketchs
E? (-) Sketchs
B sketch7

i [@] Screw Eye Slot
= (@ o2 Cartridge Hole
- [@] Axle Hole Cut Qut

B sketcha £y

»

N ER=NED
)|

%, Race Car Block
® [A] Annotations
3= Balsa
%y Front Flane
% Top Plane
& Right Plane
L, origin

= SketchB

sure that your design is no longer that 220mm. Most fixtures have a nose plate that
holds the front of the balsa block and if your design is too long, it can/will end up

breaking the endmill or possible damaging the fixture.

Drag the rollback bar downwards to a
position before the Screw Eye Slot
feature as illustrated.

View the features in the graphics
area.

Double-click the Screw Eye Slot
feature in the FeatureManager. The
feature is displayed in blue and
Sketch2 is displayed.

Drag the rollback bar downwards to a
position before the CO2 Cartidge
Hole feature as illustrated. View the
features in the graphics area.

Double-click the CO2 Cartidge Hole
feature in the FeatureManager. The

feature is displayed in blue and Sketch3 is displayed.

Drag the rollback bar downwards to a position before the Axle Hole Cut Out

feature. View the features in the graphics area.

Start SolidWorks and Open an Existing Part

Y (Edl=NED i | B ERES 4
(T (T
%, Race Car Block %, Race Car Block
[ [A] Annotations ® [A] Annotations
3= Balsa 3= Balsa
%> Front Plane %y Front Flane
& Top Plane % Top Plane
& Right Plane & Right Plane
1, origin L, Origin
= [[§ Balsa Block = [ Balsa Block
K sketchi K sketchi
i = @ Screw Eye Slot

K sketchz

11
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Double-click the Axle Hole Cut Out feature in
the FeatureManager. The feature is displayed in
blue and Sketch4 is displayed.

Drag the rollback bar downwards to a position
before (-)Sketch5.

Click (-)Sketch5 from the FeatureManager.
View (-)Sketch5 in the graphics area.

(-)Sketchb is the sketch of a Spline. Splines are used to sketch curves that have
continuously changing shape. Splines are defined by a series of points between
which the SolidWorks software uses equations to interpolate the curve geometry.

Splines are very useful for modeling free-form shapes, “body of the Race Car”
that are smooth. (-)Sketch5 is not fully defined, because a spline is free-form and
will vary by the designer.

QiSolidWorks | Fie Edt View Insert Tools Toobox Window Hep & -8 7-- o«
&% Revolved Boss/Base & w0 RevolvedCut @ %% i Rb [ Wrap

. - . :
Extruded (3 SweptBoss/Base | Extruded Hole [® Sweptcut | filet PL";tear ® Draft @ Dome >
atern
Boss/Base [ Lofted Boss/Base Cut  Wizard [} Lofted Cut . - [m shel T8 Mmiror

Features | Skeich | Evaluate DEE@?[ QO WE P e - B - A%

Y ERl-3ES 2
F

% Race Car Block -
[ [A] Annotations
3= Balsa
%> Front Flane
% Top Plane
% Right Plane
1, origin
= [§ Balsa Block
" Sketchi
=@ Screw Eye Slot
[ sketch2
=@ oz Cartridge Hole
[ sketcha
=@ Axle Hole Cut Ot
[ sketcha
& (-) sketchs
T OSeE | 1
4% Sketch7
 Skatohil M
del M ofi

Yaawaf

Solidworks Office Premium 2008 EdtngPart [ @

12 Start SolidWorks and Open an Existing Part
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Drag the rollback bar downwards to a position below Sketch8.

Click Sketch8 from the FeatureManager.
View Sketch8 in the graphics area.
Click inside the graphics area.

Extruded Cut Feature

Lesson 2: Designing the Race Car

An Extruded cut feature removes material from a part or an assembly. Remove

material for the Race Car body.

Create the First Extruded Cut Feature.
Right-click (-)Sketch5 from the
FeatureManager.

Click Edit Sketch |&|from the Context
toolbar. The Sketch toolbar is displayed in
the CommandManager.

Click the Features tab from the
CommandManager. The Features toolbar is
displayed.

Click the Extruded Cut tool from the
Features toolbar. The Extrude
PropertyManager is displayed.

Select Through All for the End Condition
in Direction 1 from the drop-down menu.

Extruded Cut Feature

i [ Balsa Block

i [@ Screw F=—==
= @cozc BlE 18 7
Y $

(-] Sketcn 5 ——
B () SkelFontire Toketens

4@ Revolved Boss/Base

Extruded
Boss/Base

Extruded

Cut

Feature Skeich | Evaluate imxXpert
 Featureq [ Evalizte JOmxpe]

7

}@I@' NS

v X &

From

;.Sketch Flane

b |

!

i_Direction 1

(%] [Trrougn ai

Offset From Surface
Up To Body
Mid Flane

[ pirection 2.
! [] Thin Feature

Selected Contours

GO [sketch S-Region= 1>

|

« &«

d| B
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Click the two surfaces as illustrated in the graphic area. Sketch5-Region<1> and
Sketch5-Region<2> are displayed in the Selected Contours dialog box.

Click OK |« | from the Extrude PropertyManager.
Extrudel is displayed.

Click inside the graphics area.

View the results.

Qi solidWorks

Features

;t:--% Race Car Block

Sketch Flane

&J Thirough Al

g I

[ Flip side to cut

Y

Draft outivard

Py

I

Under Defired  Editing Sketchs 2 Dt

Pin the Menu
bar toolbar and
the Menu bar
menu to obtain
access to both menus in this book.

Extruded Cut Feature
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2 Save the model.
Click Save || from the Menu bar toolbar.

Lesson 2: Designing the Race Car

@seliaworks | Fe &t vew

2 - = X

- == -
2 Revolved Boss/Base @ &

Extruded (3 Swept Boss/Base
Boss/Base [l |ofted Boss/Base Cut

@ Revolved Cut @y 398

Extruded Hole Swept Cut
Wizard [f|] Lofted Cut "

i Rib @ Wrap

Filet Linear B paft @ pDome >
Pattern y
- (@ shel BT Mmiror

0 [ Evghugte | DR L T I Y L

Features | 5
Y=l 3RS =
(7 )

% Race Car Block -
[ [A] Annotations i
8= Balsa
% Front Plane
% Top Plane
% Right Plane
L orign
= [[§ Balsa Block
- Sketchi
= [[@ Screw Eye Slot
[ sketchz
= [@ o2 Cartridge Hole
[ sketcha
=@ Axle Hole Cut Out
[ sketcha
B2 () Sketche
B sketch7 I8
- Sketchs
R ude 1] o

- 8%

Bl

I

EEEEE

Motion

EdingPart [

3 Create the Second Extruded Cut
Feature.
Right-click (-)Sketch6 from the
FeatureManager.

Click Edit Sketch || from the
Context toolbar. The Sketch
toolbar is displayed in the
CommandManager.

Click Right |&| view from the
Heads-up View toolbar. The Right
view is displayed.

Extruded Cut Feature

i [[§ Balsa Block
- [@ Screw € 1° =
= (@ cozd e
] [
# [@ Extru(Feature (Sketch 6)|

R A S T

" @9 e

0 DE D

i
Right (étrl+4)

Rotates and zooms the model to
the right view orientation,

==
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Press the z key to Zoom out.
Press the Z key to Zoom in.

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

Click the Features tab from the
CommandManager. The Features toolbar is
displayed.

Click the Extruded Cut tool. The Extrude
PropertyManager is displayed.

Through All is selected for End Condition in
Direction 1 and Direction 2.

Check the Flip side to cut box. Note the
direction of the extrude.

Click OK [«]from the Extrude
PropertyManager. Extrude? is displayed.

Click Save || from the Menu bar toolbar.

SolidWorks

Engineering Design and Technology Series

& Revolved Boss/Base

Extruded = Swept Boss/Base Extruded
Boss/Base [l | ofted Boss/Base Cut
 Features [ SKelch | Evaluale | Dimnpe

& R &

Sketch Plane =
Through Al v

gl
Fl|p side to cut
I

| Craft outward

Through Al v
]

Extruded Cut Feature
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4 Create the Third Extruded Cut _Feature. T@ 0z Cartrdge ok |
Create the hole for the CO, cartridge. EsdE e 2 o
Right-click Sketch7 from the @"ZQ '8, 4
FeatureManager. e :

& Sketch|Feature (Sketch7)
Click Edit Sketch from the Context & {[=] Extrug Roll to Previols
toolbar. The Sketch toolbar is displayed Lo (R Bt :
in the CommandManager. Y S L
@
Click Back |##| view from the Heads-up @
View toolbar. g
Click Hidden Lines Visible [3] from the
Heads-up View toolbar. Hidden Lines Visible ’
) . . Displays all edges of the model,
View the dimensions of the sketch. So
different calor or font. )

Note: Sketch7 is the sketch
for the CO, cartridge

hole.

Extruded Cut Feature 17
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Click the Features tab from the
Control area. The Features
toolbar is displayed.

Click the Extruded Cut |@&| tool.
The Extrude PropertyManager is
displayed.

Click Through All for End

Condition in Direction 1 and
Direction 2.

Check the Flip side to cut box.

View the direction of the extrude
arrows.

Extrude
direction

SolidWorks

Engineering Design and Technology Series

5% Revolved Boss/Base

Extruded i . ruded
Boss/Base Cut

Featuges Skeich | EvaluateA DimXpert

e vl

Sketch Plane ._ v

| Direction 1 |
|i| Through Al »

"1

%th side to cut
IE| na :

.

' Direction 2
Through Al »

[In]

Extruded Cut Feature
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Click Isometric | @ | view
from the Heads-up View
toolbar. View the extrude
cut.,

Click OK |«| from the
Extrude PropertyManager.
Extrude3 is displayed.

Click Shaded With Edges

from the Heads-up View
toolbar.

5 Save the model.

Click Save .

Lesson 2: Designing the Race Car

@solidWorks | Fie Edit View Insert Took Toobox Winc

owHepu @[ - 8 2 - - O x

s Revolved Boss/Base
Extruded (3 Swept Boss/Base

Extruded Hole Swept Cut
Boss/Base [l |ofted Boss/Base Cut

i @9 RevolvedCut @ %% i Rb (& Wrap

Filet Linear B praft @ Dome >
W Pattern
izard [} Lofted cut . - [m shel T8 Mmiror

Features [Sketch | Evaluate | Dim¥per]
SFIRI® >
T )

% Race Car Block
(4] Annotations
3= Balsa
& Front Plane
% Top Plane
& Right Plane
L, origin
= ([§ Balsa Block
i [[@ Screw Eye Slot
= {[@ Co2 Cartridge Hole
= [[@) Axle Hole Cut oLt
2 Sketchs
= @ Extrudel
= (@ Extrudez
i [@ Extrude3

QS WE- B oo - E- -8 x

_-So_lidrks Office Premium 2008

Editing Part (2 @

Extruded Cut Feature
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Create the Front Wing
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1 Create a MidPlane Extruded Boss Feature.
Right-click Sketch8 from the FeatureManager. Sketchg ~ |* @ BasaBlock |

is the Sketch for the front wing of the car.

=@ co ;
. & [&@) Axld a4l
Click Edit Sketch || from the Context toolbar. The 2 el —
Sketch toolbar is displayed in the CommandManager. + [@ ExtiFeature (Sketch)

Click Right |&| view from the Heads-up
View toolbar.

Click the z key to fit the model in the
graphics area.

View the sketch dimensions.

Create an Extruded Boss Feature.
An Extruded Boss feature adds material
to the model.

Click the Features tab from the
CommandManager. The Features toolbar
is displayed.

Click Extruded Boss/Base from the
Features toolbar. The Extrude
PropertyManager is displayed.

Select MidPlane for End Condition in
Direction 1.

Enter 50.00mm for Depth.

SolidWorks

Engineering Design and Technology Series

- [@] Ser B€ 8 =

C & Exq Rl to Previous|
[ Extl

& Revolved Boss/Base

8

Extrud
Boss/Base

¥ R G

|5ketch Flane b

Direction 1 A

|Mid Plane w

1
o | s0.c0mm ¢ |

Merge resut

B[ ]
Craft outward

|2

Create the Front Wing
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Click Isometric | @ | view
from the Heads-up View
toolbar. View the extruded
boss feature.

Click OK |«| from the
Extrude PropertyManager.
Extrude4 is displayed.

Click inside the graphics
area.

Note: Rotate the model in the
graphics area. Use your
middle mouse button.
View the created features.

@ solidWorks g (1- 8 2 - - B &

s Revolved Boss/Base @ RevolvedCut @ 229 i Rb (@ Wrap
Extruded (3 SweptBoss/Base | Extruded Hole (@ Sweptcut | Fillt P”’;tear W Draft @ Dome
attern
Boss/Base [l |ofted Boss/Base Cut  Wizard [ |ofted Cut " ~ [m shel [ Miror
Features [SEENIEBSEIOMGET o o, W B F- oo o 8- - 2 x

B [FlBlP] =
T )

% Race Car Block
(4] Annotations

3= Balsa

& Front Plane

% Top Plane

& Right Plane

L, orign

= ([§ Balsa Block

= [[@ Screw Eye Slot
CO2 Cartridge Hole
= (& Axle Hole Cut Out
= (@ Extrudel

= (@ Extrudez

= (@ Extrude3

i [§ Extruded

>

=18

(ENENIEN G
| Solidworks | EditngPart [l @

Create the Front Wing 21
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3 Save the model.

Click Save || from the Menu bar toolbar.

Create the Rear Wing

22

1 Create a Sketch.

Click Hidden Lines Removed from the
Heads-up View toolbar.

Right-click Right Plane from the
FeatureManager. Right Plane is your Sketch
plane.

Click Sketch from the Context toolbar.
The Sketch toolbar is displayed.

Click Right |&| view from the Heads-up
View toolbar. Press the z key to fit the model
to the graphics area.

Click the Zoom to Area | | tool from the
Heads-up View toolbar.

Zoom in on the back of the car as
illustrated.

Click the Zoom to Area tool
from the Heads-up View toolbar to
deactivate.

SolidWorks

Engineering Design and Technology Series

D-2-RH-=-9-8 =-

i Rib
I @ Draft

Wrap W P}

Beference r"llrup%
n Save (Ctrl+S
(E Sshel { !

Saves the active document.

»

% [Flis[]
(¥

& Race Car Block
- [A] Annotations

AL @ @B F- 6

s e B~

Zoom to Area

Zooms to the area vou select

with a bounding box.

Line

NK® - -
c G A

Sketches aline.

(8]

Click the Line |\| tool from the
Sketch toolbar. The Insert Line
PropertyManager is displayed.

— | &
ay [ G

Sketch four lines as illustrated.

aoe

L

The first point is Coincident with
the top horizontal edge of the car.

Right-click Select in the graphics
area as illustrated to deselect the
Line Sketch tool.

= ge'lﬁg

Create the Rear Wing
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2 Apply the Sketch Fillet tool.

Click the Sketch Fillet [ tool from the Sketch toolbar. 2 g A =
The Sketch Fillet PropertyManager is displayed. R * Eliks
Enter 2mm for Radius. “Iiketch Fict®
™ | Sketch Chamfer
SIE BlD
.. SketchFillet |
v R B
Eillet Parameters ﬁ
A | zoomm =
Keep%onstrained
COFErs
Click the left endpoint
of the horizontal line.
Click the right
endpoint of the
horizontal line.
Click OK from the
Sketch Fillet . _
PropertyManager. -
: R2 3
3 Dimension the Rear
Wing.
Click the Smart Dimension tool
from the Sketch toolbar. The Smart
Dimension [t icon is displayed on the
mouse pointer.
Enter the 3mm dimension. ] bW o) 8

Click the two illustrated edges.

Create the Rear Wing 23
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Enter the 8mm dimension.
Click the illustrated edge and point.

T

Enter the 18mm dimension.

Click the illustrated two points. %
/ 8

Yo
00—

24 Create the Rear Wing
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Enter the 6mm dimension.

Click the illustrated edges. 18 T‘
Sketch9 is fully defined and / - 1
is displayed in black. NS T
i i)
Click oK [«] from the R2 J\ L
Dimension 3
PropertyManager.
18 ——= .
}
" %\—L i
R,

4 Create an Extruded Boss

Feature.
Click the Features tab from the CommandManager.
The Features toolbar is displayed.

s@ Revolved Boss/Base

Extruded
Boss/Base

Features | Skeich | Evaluate | Di
= T

Click the Extruded Boss/Base |&|tool. The Extrude
PropertyManager is displayed.

Click Isometric |@ | view from the Heads-up View
toolbar.

Select Mid Plane for the End Condition from the
drop-down menu.

Enter 50mm for Depth.

Click OK |«| from the Extrude PropertyManager.
Extrude5 is displayed.

Click Shaded With Edges |@| from the Heads-up
View toolbar.

Click inside the graphics area. View the results.

Create the Rear Wing

IE Extrude

¥ K &

i E
|Sketch Plane v

j_Direc_tion s A

o E0.00mml :

Merge resut
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SolidWorks

Engineering Design and Technology Series

@fiSolidWorks  Fie

U0 -8 2-- 8%

= (g Balsa Block

& [@) Serew Eve Slot
(@ CO2 Cartridge Hole
& (@] Axle Hole Cut Qut
= (@ Extrudel

= [B) Extrudez

= (@ Extrude3

i[5 Extruded

| PP

s Revolved Boss/Base @ Revolved Cut @ %% i Rb [ Wrap
Extruded (2 SweptBoss/Base | Extruded Hole & Sweptcur | Filet l}a'rt‘te;; ® Drat @ Dome >
Boss/Base [l |ofted Boss/Base Cut  Wizard [} Lofted Cut . ~ (@ shel @@ Mmirror
Features | Skeich | Evaluate | DimXpert | QO W E- - - - B~ - A %

(Y E=ES » |
% ) [y
% Race Car Block |§
# [A] Annotations ==
Eam =)
3= Balsa =]
<> Front Flane [g;
% Top Plane [
% Right Plane [
L, origin =

EdiingPart. [ &

5 Save the model.
Click Save [ki| from the Menu bar toolbar.

Create the Rear Wing
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Insert Fillets

1 Insert a Fillet Feature.
Fillets creates a rounded internal or external face on the
part. You can fillet all edges of a face, selected sets of

faces, selected edges, or edge loops. Filetxpert |
Click Hidden Lines Removed [(7] from the Heads-up | 7@ constant radus
View toolbar. () wariable radius
) () Face filet

Click the Fillet | & tool from the Features toolbar. The (O Full round filet
Fillet PropertyManager is displayed. —— -
Click the Manual tab in the Fillet PropertyManager. A [ 2.00mm ¢ -
Constant radius type is selected by default. N ::Iédge<i4> —

Enter 3mm for Radius. [Edge<15=

Click the 8 edges on the top right of the car. The selected

. . X [ IMultiple radius ﬁIIet-
edges are displayed in the Items To Fillet box.

Tangent
propagation

Rotate the car with the middle mouse button to view the
right side of the car.

Click the 8 edges on the top left of the car.

Click the top front edge of the car. The selected edges are displayed in the Items
To Fillet box.

QElsolidWorks |y Fle Edt Vew Inset Took Toobox Window Hep | g 2-- 0=

| Features [ Skeich [ Evaluate | Dim¥pert AU S W@ T G- - B _ g

&“’j’ ‘% .ﬂ‘; =8 Rare Car Blork
@:ﬂ'l’_ ~ [
v R

Mariual | Flletxpert |

[Fillet Type. A

(8) Constant radiis
() variable radius

()Face filet -
Oy Full round filet

| Items To Fillet R

A

@ Edge< 14> ~
Fdge<15> [Radiuz:[Imm

: ; 4(
[ TMuitivle radis flet

< >

W] Model i
Select a callout to modify parameters Total Length: 389.56mm Editing Part &

Insert Fillets 27
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Rotate the car to view the bottom with the middle mouse button.

Click the bottom edges of the car. Do not select the two back curved edges or the
two back straight edges as illustrated. The selected edges are displayed in the
Items To Fillet box.

Do not select
the two back
curved edges
or the two back
straight edges.

Click OK [«| from the Fillet PropertyManager. View the Filletl feature in the
FeatureManager.
Click Isometric |@ | view from the Heads-up View toolbar.

Insert a Second Fillet Feature. Fillet the Cockpit Area.

Click the Fillet tool from the Features toolbar. The
Fillet PropertyManager is displayed.

« R

|' tanual Filletpert |

Click the Manual tab in the Fillet PropertyManager.

X ) il A
Constant radius type is selected by default. et Tvpe.

(®) Constant radius

Enter 12mm for Radius. (O Variable radis
() Face filet

() Full round filet

| Items To Fillet A

?\] - - -

Insert Fillets
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Click the illustrated back edge.

Edgel is displayed in the Items To
Fillet box.

Click OK [«] from the Fillet

PropertyManager. View the Fillet2
feature in the FeatureManager.

3 Save the model.
Click Save ki | from the Menu bar toolbar.

4 Create a Variable Fillet.
Rotate the model using the middle mouse button to
view the back curved edges with the middle mouse
button.

Click the Fillet tool from the Features toolbar. The
Fillet PropertyManager is displayed.

Click the Manual tab in the Fillet PropertyManager.
Constant radius type is selected by default.
Check the Variable radius box for Fillet Type.

Insert Fillets

Fillet |

[ [¥ar Filletxpert
it

;._Items To Fillet

' Variable Radius

| Setback Parameters

| Fillet Options

« R

»

() Constant radius

%Variable radius
(¥Face filet

(O Full round filet

&

&

Parameters

&

&«

29
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Click the two curved
edges.

Click and drag the
Variable radius boxes off
the model as illustrated.

Click inside the top left
Unassigned box.

Enter 15mm.

Click inside the top right
Unassigned box.

Enter 15mm.

Click inside the bottom left
Unassigned box.

Enter 5mm.

Click inside the bottom right
Unassigned box.

Enter 5mm.

SolidWorks

Engineering Design and Technology Series

4|

e

able radins: | Unassigned [iFarizble radius [Unassignad |

[Wariable radius: |Unassigned |  [Wariable radius: [Unassigned |

Mariable radius: | 15mrm “ariable radius: | 15mm

-

[*ariable radius: [5mm | [ariahble radius: [Srm |

Insert Fillets
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Click OK [« | from the Fillet PropertyManage
VarFilletl feature in the FeatureManager.

Click Isometric @ | view from the Heads-up View toolbar.
Click Shaded from the Heads-up View toolbar.

Save the model.
Click Save from the Menu bar toolbar.

View the model.

Lesson 2: Designing the Race Car

r. View the s —

¥ R

farial Filetxpert

Fillet Type
() Constant radis
(@) variable radius
() Face filet
) Full round filet

Items To Fillet
m 1;Edge< 1=

Tangent
propagation

() Full presview
() Partial preview

(@) No preview

ES

Variable Radius
Parameters

A 1zoomm -

0 [vi, smm «:‘
W2, 15mm |
¥ s

(®) sSmooth transition
() Straight transition

Setback Parameters ¥

G SolidWorks | Fle Edi View Insert

Tools| Toolbox Window Help &([1-8 7 - -0«
LIT]

&% Revolved Boss/Base
Extruded (3 Swept Boss/Base | Extruded
Boss/Base /]| Lofted Boss/Base cut

) Revolved cut @ 233 di Rb @ Wrap
Hole Swept Cut Filet Linear G praft @ Dome

Patt ==
wizard [ Lofted Cut e (m shel Mirror

>

Features DimXpert
Bl e
O
W Race Car Block
® [A] Annotations
3= Balsa
% Front Plane
% Top Plane
<% Right Plane
L, orign
i+ [ Balsa Block
& Screw Eye Slot
# [&) €02 Cartridge Hole
&) Axde Hole Cut Cut
i [&] Extrude1
& Extrude2
i [&] Extrude3
IR Extruded
i [ Extrudes
£ Fllet1
) Flletz

»

A

B B B

#

QUG MB- B0 - B -8x

o]
@
(=)
@
E
(]

0
| Solidvvorks Office Premium 2008

Editing Part (7]

Insert Fillets
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Creating An Assembly

Note:

Note:

32

SolidWorks

Engineering Design and Technology Series

Create an assembly with the Race Car Block

[
and insert the Wheels and Axles. L | New

Create an assembly.
Click the Make Assembly from Part/

LD'iﬁ}'H'ﬁ%'@'ai;’Ev

3 | Make Drawing from FPart/Assembly
i i : i
Nz Make@ssembly from Part/Assembly

QO SB@ F o 2

Assembly [®] tool from the Menu bar
toolbar.

Click OK to accept the default Assembly
template. The Begin Assembly
PropertyManager is displayed.

Insert component.

The Race Car Block part file is listed in the
Open documents box.

Deactivate the Planes.
Click View, uncheck Planes from the Menu
bar menu.

Locate the Component.

Click OK |« | from the Begin Assembly
PropertyManager. The (f) Race Car Block is
displayed in the assembly FeatureManager
design tree as fixed.

The initial component added to the assembly
is fixed by default. A fixed component cannot be moved
unless you float it.

Isometric view.
Click Isometric [@ | from the Heads-up View toolbar

Save the assembly.

Click Hidden Lines Removed from the Heads-up
View toolbar.

Click Save k| from the Menu bar menu.

Save the assembly under the name Race Car in the
downloaded folder.

If needed, click View, un-check All Annotations.

“Begin Assembly |
« ¥ 42
| Message ¥
Part/Assembly to #
| Insert

j Thumbnail Preview ¥

| Options

Cpen documents:
3G R ock

Browse...

b2

Start command when
creating new assembly

[]@raphics preview

B [CT (2| z
(T ~
B Assem 1 (Default<Display
+ [A] Annotations
& Front Plane
& Top Plane
S Right Plane
L. orign
# %% (fi Race Car Block< 1=
[ Mates

B [CT (2| z
(T ~
B Race Car (Default<Displa
+ [A] Annotations
& Front Plane
& Top Plane
S Right Plane
L. orign
# %% (fi Race Car Block< 1=
) Mates

Creating An Assembly
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7 Insert the Axles.
Click and drag the Axle part from the Design Library window.

Click a position near the rear of the car. The Insert Components PropertyManager
is displayed. A second Axle is displayed on the mouse pointer.

Drag the second Axle to the front of the car. Click a position.

Click Cancel from the Insert Components PropertyManager. View the
FeatureManager, Axle <1> and Axle <2> are displayed.

@iSolidWorks | Fe Edt View Insert Took Toobox Window Hep & [1- ¢ - - O «
g © N\-0-p-g B s 4 |
Create M1 O.-m-0 - A fanycd, et BiE - >
layout D\me'nsmn o e Ent'rtnes i
Assembly | Layout | Sketch | Evaluate | Office Products - A%
@}@H?a > AU E - G- - B
(T~ ) (S
9 Race Car (Default<Display :::ﬂ?
= [A] Arnotations E;
S Front Plane p=—"
& Top Plane ,EE.
& Right Plane __%i
L. Crigin [
# % (f) Race Car Block<1> 3 =1
=Wy () Axle=1=
=% () Axle<2=
[ Mates
% » | Hsometic
11| Model [Wofion Studyi ]
Sclidworks Office Premium 2008 Under Defined  Editing Assembly B &

8 Insert the First Wheel.
Click and drag the Wheel part from the Design Library window.

Click a position near the right rear of the car. The Insert Components
PropertyManager is displayed. A second Wheel is displayed on the mouse pointer.

9 Insert the other Three Wheels.
Insert the second Wheel near the right front of the car; Wheel<2>.

Insert the third Wheel near the left rear of the car; Wheel<3>.
Insert the fourth Wheel near the left front of the car; Wheel<4>,

Creating An Assembly 33
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Click Cancel | | from the Insert Components PropertyManager. View the
updated FeatureManager.

EpisolidWorks |y Fle Edt View Insert Tools Toobox Window Hep &\ [1- 7 - - O &
e N-0-n-
Cleale D|r?1?r?§on oo d. i %%::E;ﬁ ik i
layout 5 @ - % % i
Assembly | Layout [ Sketch | Evaluate | Office Products | - &
e lE] » AW B T oo - H-
(T~ @_
B Race Car (Default=Display [l
i [A] Annotations E
% Front Plang ]
% Top Plane Eﬂi
% Right Flane :E
L. crigin [
= % () Race Car Block<1> |
=% () Axle=1> k

=% () Axle=2>

% () Wheel< 1=
=% () Wheel= 2
- () Wheel = 3=
=% () Wheel=d=

[ Mates
» | ¥lsomehic
1 wn\mm Model [ Wofion Study 1 ] _
Solidorks Office Premium 2008 Under Defined  Editing Assembly 2] &3

10 Deactivate the Origins.
Click View, uncheck Origins from the Menu bar menu.

11 Save the model.
Click Save k| from the Menu bar toolbar. Click Yes to rebuild the model.

12 Apply the Rotate Component tool.
Rotate the two Wheels located on the left side of
the model.

Click the Assembly tab from the
CommandManager.

Click Wheel<3> from the FeatureManager. This is

. | IFe3] = &
@
the rear left wheel. e | show | ANl
‘omponent Hidd. . Features

Click the Rotate Component || tool from the B Move Comporent @ |
Assembly toolbar. The Rotate Component S Rotate Component
PropertyManager is displayed. \

Creating An Assembly
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Rotate Wheel<3> as illustrated.

Click Wheel<4> from the fly-out FeatureManager.
This is the front left wheel.

Rotate Wheel<4> as illustrated.

Click OK |« | from the Rotate Component
PropertyManager.

= @ Race Car (Default<Dis
+ iﬂ Annotations
\<?. Front Plane
i Q Top Plane
\<?. Right Plane
=L Origin
@ {f) Race Car Block<
By () Axle<1>
@ () Axle=<2>
Rl (=) Wwheel<1=
@ (=) Wheel<2>
+| Qs
@@ Mates%

Creating An Assembly
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Insert Mates

An assembly is a document in which two or more parts and other assemblies (sub-
assemblies) are mated together. Parts and sub-assemblies are called components in
an assembly. Mates are used to create relationships between components. Faces
are the most commonly used geometry in mates. In this case the existing sub-
assemblies are mated to build an assembly based on the car part you created.

There are three types of mates; Standard Mates,

Advanced Mates and Mechanical Mates. %}:_

Standard Mates T

m Coincident Mate Selections A

m Parallel =

m  Perpendicular ¥

" Tangent . .Standard Mates A

m  Concentric | (&) conadent

u LOCk | §I Faralel

m Distance | EI PerpendicLiar

u Angle iE!Tangent

Advanced Mates (@) concentric

m  Symmetric & ]uock

m  Width (&

m Path Mate (Y

m Linear/Linear Coupler

m Distance/Angle Limit

You can select many different types of geometry to create

a mate: :ijf\lranced Mates Gl
=8| Symmeic

m Faces ) it

m  Planes (0] o s

| EdgeS i:;;| Lneardinear Coupler

m \ertices =

m  Sketch lines and points %l

m  Axes and Origins ]

Note: In this section, position the model to view the correct

sketch entity. Apply the Zoom to Area || tool in the Mechaical Mates %

Heads-up View toolbar, the middle mouse button, and the Males ¥

f and z keys. pov— v

36 Insert Mates



SolidWorks

Engineering Design and Technology Series

Tip:

1 Mate the Axles to the body.

Insert a Coincident Mate.

Create a Coincident mate between
the rear axle and the body.

Click the Mate tool [§] from the
Assembly toolbar. The Mate
PropertyManager is displayed.

Zoom and/or rotate the view to make
it easier to select the faces or edges
you want to mate.

Expand the fly-out Race Car
FeatureManager in the graphics area.

Click the Race Car Block/Right
Plane in the fly-out FeatureManager.

Click the Race Car Axle<1>/Right
Plane in the fly-out FeatureManager.
Coincident mate is selected by
default.

The selected planes are displayed in
the Mate Selections box.

Click Add/Finish Mate [¢]to

Lesson 2: Designing the Race Car

=
Insert
Components

it & £
Linear ik Move
com... Component|

Fasteners

Assembly [ Layout [ Skgich [ Evaluate |

= @ Race Car (Default<Dis...
+ iﬂ Annotations
i Q Front Flane
\<9. Top Plane
i Q Right Plane
L Origin
= % {f) Race Car Block<...
= '_| Features
#-{A] Annotations
3= palsa
% Front Plane
& Top Plane

L C%gin

I @ Balsa Block

T@ Race Car (Default<Dis..
+ J Annotations
i Q Front Flane
<'\>. Top Plane
i Q Right Plane
L Origin
By (f) Race Car Block<..
SR () Axle<1>
= J Features
* El Annotations
3= 2024 alloy
S Front Plane
& Top Plane

+ @ Extrudel

¥ R 9

<

@ Right Plane@R.ace C &

%)

| Mate Selections A

accept the mate as illustrated.

Insert Mates
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2

Note:

38

Insert a Concentric mate.
Create a Concentric mate
between the rear axle and the

body.

Drag the rear Axle<1> as

illustrated.

Click the inside cylindrical

face of the rear hole.

Click the cylindrical outside
face of the rear Axle<1>.

Concentric mate is selected by

default.

Click Add/Finish Mate [«]to

accept the mate.

In this section, position the
model to view the correct
sketch entity. Apply the Zoom

to Area [&] tool, the middle
mouse button, and the f and z

keys.

Engineering Design and Tec

SolidWorks

hnology Series

| Mate Selections

(% B

= Pl

S Mates | & Anabysis

@ Face<1>@Race Car A

&

2~

Insert Mates



SolidWorks

Engineering Design and Technology Series

3

Insert a Coincident Mate.
Create a Coincident mate
between the front axle and the
body.

Click the Race Car Block/Right
Plane in the fly-out
FeatureManager.

Click the Race Car Axle<2>/
Right Plane in the fly-out
FeatureManager.

Coincident mate is selected by
default.

Click Add/Finish Mate [¢] to
accept the mate.

Insert Mates

Lesson 2: Designing the Race Car

-—@ Race Car (Default<Dis...
+-{A] Annotations
\<9. Front Flane
\<§. Top Plane
\<9. Right Plane
L Origin
-y () R
= ;] Features
Ar A_l Annotations
3= palsa
S Front Plane
& Top Flane

i & igin

T@ Race Car (Default<Dis..
* J Annotations
i Q Front Flane
i <'\>. Top Plane
i Q Right Plane
=L Origin
+| Qs -
@ () Axle<1>
SR () Axle=<2>
&) Features
+ lAl Annotations
3= 2024 alloy
% Front Plane

& Top Plane

B Right Plane
L C%gin

+ @ Extrudel

7
=

|Mate Selections i
@ Right Plane@R.ace C ~

»
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4

Insert a Concentric Mate.
Create a Concentric mate
between the front axle and the
body.

Drag the front Axle<2> as
illustrated.

Click the inside cylindrical face
of the front hole.

Click the cylindrical outside
face of the front Axle<2>.

Concentric mate is selected by
default.

Click Add/Finish Mate [«]to
accept the mate.

In the next section mate the
Wheels with the Axles.

SolidWorks

Engineering Design and Technology Series

o B )

§ Mates [ &2 Analvsic

i

Caradl

Insert Mates
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1

Note:

Mate the Wheels to the Axles.
Create a Concentric mate
between the front axle and the
front right wheel.

Click the cylindrical outside
face of the front right Axle<2>.

Click the cylindrical inside face
of the front right Wheel<2>.

Concentric is selected by default.

Click Add/Finish Mate [«]to
accept the mate.

In this section, position the
model to view the correct sketch
entity. Apply the Zoom to Area

tool, the middle mouse
button, and the f and z keys.

Insert Mates

Lesson 2: Designing the Race Car

J% Mates | &2 Analsis
Mate Selections .

ca<2=(DpAxe-2
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2 Create A Distance Mate.
Create a Distance Mate between the outside end
face of the front right Axle<2> and the outside
face of the front right Wheel<2>.

Click the outside end face of the front right
Axle<2>.

Click Shaded With Edges [&] from the Heads-
up View toolbar.

Click the outside face of the right front
Wheel<2> as illustrated.

Click the Distance Mate |i] tool.
Enter 7mm.

Click Add/Finish Mate [¢] to accept the mate.

Mate the three remaining Wheels to the
Front and Rear Axles.

Following the above procedure to create
Concentric mates between the Axles and the
Wheels.

Create Distance Mates between the outside end
face of the Axles and the outside face of the
Wheels.

Click OK [¥] from the Mate PropertyManager.

View the Created Mates.

SolidWorks

Engineering Design and Technology Series

Expand the Mates folder from the = 0D

FeatureManager.
View the inserted mates.

Mates

A Coincident1 (Race Car Block< 1> Axle<1>)
© Concentricl (Race Car Block< 1> Axle<1>)
A Coincident2 (Race Car Block< 1> Axle<2>)
© Concentric? (Race Car Block< 1> Axle<2>)
© Concentric3 (Axle< 2> Wheel<2=)

| Distance1 (Axle<2= Wheel<2>)

© Concentricd (Axle< 1> Wheel<1=)

| DistanceZ (Axle< 1= Wheel<1>)

© Concentrics (Axle< 1> Wheel<3=)

| Distance3 (Axle< 1= Wheel<3>)

©) Concentrics (Axle<2> Wheel<4=)

|| Distanced (Axle<2> \Wheel<4=)

42
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il @ it _ﬁ B W

! @ S0
e Insert Linear Move Assembly Reference |
Edit Mate Smart | show | | jghtes -2
- Comp?nents Com... ooners COIT'I.ROHentg Hidd... FeaEures Georj'uetry Motio...
QOEWMEB-@-do- - B- -8 %

(%~
9 Race Car (Default<Displa
- [A] Annotations

% Frort Plare

< Top Plane

S Right Plane

L, orign

& % (f) Race Car Block <13
B () A<l

5% () A2

w8 () Wheel= 1>

w9 () Wheel< 25

w8 () Wheel=3>

w B () Wheel<4>

& [ Mates

Lo

I

= *sometic
i

5 Save the model.
Click Save || from the Menu bar toolbar.

Insert Mates 43
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Calculate the Weight of the Race

Car _ :
o ] 43 3 L
When you are finished and ready to pEEm R tmn e e
race, your car has to weigh no less RSBl [ C3/60 [SREeh ] Evaluate |
than 55 grams. This does not include
the CO, cartridge. Check the weight Elocere bt e
() Use document setfings
of the model. Apply the Mass (® Use custom setings
Properties tool. Lo e
1 Click the Evaluate tab from the pameters ) |8 §Y
CommandManager. g ! A=
Click Mass Properties || from the Lot e | o Jlontors i peiie)]
Evaluate toolbar. Dutput coordinate system: | — default — =
|Race Car SLOASH
The Mass Properties dialog box is Selected tems:
displayed.
Include hidden bodies/components
CI ICk the Options bUtton [v] Show output coordinate system in cormer of window
Check the Use custom setting box. Eisarlnz o=
Mass properties of Race Car ( Assembly Configuration - Default ) ~
Select 4 for Decimal place. S e
CI |Ck OK . Density = 0.0003 grams per cubic milimeter
Mass = 54,9839 grams
The Mass = 54.9839 grams. Note: e
The mass can be different if you did S
nOt fl"et a" Of the edgeS Cemt?(r ofomoagézs(mﬂhmeters)
There will be eye hooks, paint, .
deca|S, and Sandlng USG thIS mass as Principal axes of inertia and principal moments of inertia: ( grams * squs
. - Taken at the center of mass.
an estimate and make sure to weigh Ix = (0,000, -0.0358, 0.9994) Px = 2
the completed car before racing. A B 2 000000 6554, 6, 045 i
list of critical dimensional rule Moments of nerta: ( grams * square milimetes )
. . Taken at the center of mass and aligned with the output coordinate sys
requirements are provided at the end e e T e .
Of thIS Iesson - Lzx = 0.8850 Lzy =-7043.3021 Lzz 7)2 v

Note: The mass of the Axle part is .9896
grams. If the Axle part was changed to AlISI 304, the total mass of the Race Car
would be approximately 58.66 grams. This is explored in the Analysis section of
the book.

Close the Mass Properties dialog box.

2 Savethe model.
Click Save [k | from the Menu bar toolbar.
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Calculate the Overall Length of the Race

Car

Note:

C -~
.. Int H M M
When you are finished and ready to race, s A
your car can’t exceed 210mm in length and Assembly | Layoul | SKeleh | Evaluate
the Wheels have a minimum of 26mm and

a maximum of 34mm. Apply the Measure

tool to obtain these measurements of the Race Car Assembly.
Measure the Overall Length of the Car.
Click Right view |& | from the Heads-up View toolbar.

Click the Measure tool from the Evaluate toolbar. The Measure - Race Car
dialog box is displayed.

Click the front edge of the Race Car. Zoom in if needed to select the edge.

Click the back edge of the Race Car. Note: Select an edge, not a point or face.
View the results.

|Mea§ua'e - Race Car * |
8 - mn |2/ b v @
Edge= 1=@Race Car Block-1 ‘

Ex

Cistance: 211.21mm -~
Delta ¥: 8.58mm =
Delta ¥ 20.91mm
Delta 2: 210.00mm

dZ:

The Balsa block is 223mm x 50mm x 65mm. If you plan to use a fixture to
machine your car, you must make sure that your design is no longer that 210mm.
Most fixtures have a nose plate that holds the front of the balsa block and if your
design is too long, it can/will end up breaking the endmill or possible damaging
the fixture.

Calculate the Overall Length of the Race Car 45
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2 Measure the Wheel<2> diameter.

Right-click inside of the Selection box as g 5 ar =

illustrated. w el b & -

Click Clear Selections. Edge<2>@R t&CIear Selections
. . | Delets

Click the diameter of the front Wheel<2>. The  |pemrce 21—

diameter of Wheel<2> is 32mm. Remember, Delta X1 8.5 | Customize Meru

Delta ¥ 20.% o
your wheels need to be between 26mm and Delta Z: 210.00mm _H

34mm.

BilsolidWorks  Fle Edit View ‘Insert Tools  Toobox Window Help @|D ?--0%
(H i A3 58 ] 32 [ 5i

Interference  Hole [Measure| Mass Section AssemblyXpert | Curvature | COSMOSXpress 2

Detection  Alignment Properties Properties Par - e

:Msenm_ | Layout | Sketch Evaluate[ @, _‘,‘ ‘{:\- @[ on - s |EZ|J" - G- -8 %

e : il
s ' @
@ Race Car (Default<Display |:§
[ [A] Annotations Length: 100.53mm |-—‘
< Front Plane Diameter: 32mm
% Top Plane _
% Right Plane |§
- L, Crigin »
%8 (f) Race Car Block< 1>
# @ (-) Axle< 1=
® W () Axle< 2=
& () Wheel< 1= C
# % () Wheel<2= Lol ml

=%y () Wheel<3> ¥

=%y () Wheel<4>
[ Mates 5 H

Lo

]

Solidvorks Office Premlum ZOOEI Lengthi: 5.09mm  Under Defined  Edliting Assembly |
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3 Measure the center distance between the
two Wheel hubs.
Right-click inside of the Selection box as
illustrated.

. . lear Selections
Click Clear Selections.

Click the front hub face of front Wheel<1>. i

Drefta Customize Meru
Click the front hub face of back Wheel<2>. i

The center distance between the two Wheel

hubs is 135mm.

Close the Measure - Race Car dialog box.

Délete

]

G SelidWorks |j Fie Edt View Insert Toos Toobox Window Help el [ N o [ 4
i & [ '
Inteﬁenc& H?le M£ure M%ss SECNUOH Assem% Lleasire. Rage Oar %) >
Detection  Alignment Properties Properties &b - oam | b - B -
Assembly | Layout | Sketch | Evaluate G, 9, W ¢ Port<1-QWhesk2 L & x
sl > i |
s ) | Distance: 135,00mm ~ | ]
Nz Race Car (Default=Display | Delta X: 0.00mm = [
# [&] Arnotations | Delta ¥: 0.00mm - =]
4 Front Plane | Delta Z; 135,00mm v —
% Top Plane [i‘i
< Right Plane [_g:
-} origin [
% (f) Race Car Block< 1> j ]
=% (2) Axle< 1= 3
=8y () Axle<2s
=% (-) Wheel< 1>
=%y () Wheel<2>
=% () Wheel< 3>
=%y () Wheel<4>
= [l Mates 7 a
Wheel<1> Under Defined _ Editing Assembly B
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Create an Exploded view

Note:

48

For manufacturing purposes, it is often useful to
separate the components of an assembly to visually
analyze their relationships. Exploding the view of an
assembly allows you to look at it with the components
separated.

An exploded view consists of one or more explode
steps. An exploded view is stored with the assembly
configuration with which it is created. Each
configuration can have one exploded view.

The Explode PropertyManager is displayed when you
create or edit an exploded view of an assembly.

While an assembly is exploded, you cannot add mates
to the assembly.

Create an Exploded view.
Click Isometric [@] from the Heads-up View
toolbar.

Click the ConfigurationManager [[2| tab.

Right-click Default from the
ConfigurationManager.

EIERE

'_ How-Tot ¥
| Explode Steps ¥

Settings &

[ Apply ] I Done

7 R D

®

@

-

o | 20.00mm

-

3

Options

Autc-space
components after
drag
o g -

|
G ~

Select sub-assembly's
parts

Revse Sub-assembly
Explode

BTl

|

= @ Raée Car Configurations) ‘
NafanltoDicelag cfaba 1|

e E

Advanced Select
FR | New Exploded View,

Click the New Exploded View || tool. The Explode PropertyManager is

displayed.

Click the right front Wheel<2> of the model in the graphics area. A Triad is

displayed.

Click and drag the yellow Triad arrow to the right. Note: drag the wheel far
enough to the right to leave room for Axle<2>. Chainl is created.

Click the Done button from the Settings box.

Create an Exploded view
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2 Create ExplodeStep2.
Click the left front Wheel<4> of the model. A Triad is displayed.

Click and drag the yellow Triad arrow to the left. Chain2 is created.
Click the Done button from the Settings box.

3 Create ExplodeStep3.
Click the right back Wheel<1> of the model. A Triad is displayed.

Click and drag the yellow Triad arrow to the right. Note: drag the wheel far
enough to the right to leave room for Axle<1>. Chain3 is created.

Click the Done button from the Settings box.

Create an Exploded view 49
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4 Create ExplodeStep4.
Click the left back Wheel<3> of the model. A Triad is displayed.

Click and drag the yellow Triad arrow to the left. Chain4 is created.
Click the Done button from the Settings box. View the results.

5 Create ExplodeStep5.
Click the front Axle<2> of the model. A Triad is
displayed.

Click and drag the yellow Triad arrow to the right.
Chainb5 is created.

Click the Done button from the Settings box. ' @ Wheel-2
6 Create ExplodeSteps. E’ﬂgiﬁqu
Click the right back Axle<1> of the model. A Triad is & 21 chaina
displayed.  Q Wheet1
. . - o] Chaind
Click and drag the yellow Triad arrow to the right. B %ﬂ-%iﬂheel—s
Chainé is created. = o] chaing
i . | [ - N
Click the Done button from the Settings box. View 5] Eaiis
the model. @ ade-1

Expand each Chain in the Explode Steps box. View
the results.
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7 Return to the ConfigurationManager.

Click OK [«] from the Explode
PropertyManager.

8 Animate the assembly.
Expand the Default configuration. ExpViewl is
displayed.

Right-click ExplView1.
Click Animate collapse. View the results.

Create an Exploded view

1%

Configurations
= @ Race Car Configuration(s)
= T2 Default=Display State-1- |

oo

Collapse

ﬁn\mate caollapse

Lesson 2: Designing the Race Car
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Click the Play button

from the An?mation Animation Controller
Controller dialog box to € <l iﬁlﬁp Bl Il B (=@ e i
view the Animation. | ; - - L

4,00 / 4.00 sec,

Close the Animation
Controller dialog box.

9 Return to the
FeatureManager.

Click the FeatureManager [@| tab.

10 Save the model.
Click Isometric [@] from the Heads-up View )
toolbar.

Click Save || from the Heads-up View toolbar.
You are finished with the assembly.

In the next section, open individual parts from the assembly and apply the
Measure tool.

Default<Display State- 1=
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Lesson 2: Designing the Race Car

@ solidWorks

k] W B i It

] [
Interference  Hole  Measure  Mass Section Assem!_)ly)(pert! Curvature | COSMOSXpress

b

(4] Annotations
% Front Plane
% Top Plane
& Right Plane
1, origin

= % (f) Race Car Block<1=
=8 () Axe< 1=
B () Axle<2>
=8 () Whesl< 1>
B () Wheel<2>
=8 () Whesl<3>
=% () Whesl<d>
= [l Mates

lass

w

>
Detection  Alignment Properties Properties Analysis Wizard
QAANBE-F-oo-M-&- - AxX
B FR =
(W~ )

EEEEEE

Hsometric

| <

1 Openthe Race Car Block Part from the
Assembly.
Right-click Race Car Block<1> from the
FeatureManager.

Click Open Part [#] from the Context
toolbar. The Race Car Block
FeatureManager is displayed.

Create an Exploded view

1 sl Lights, Cameras and Scene

< Front Plane

R Top Planel 31 9, 55 12 R e [T
@-

- & Right Plary
L orign

R} () Hace =
% () A< L%

By (=) axle<4
E% =) Wheel

Inwvert Selection

GoTo,

1 % () Wheel|Component (Race
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2 Return to the Race Car Assembly.

Click window, Race Car from the Menu bar wwndow | Heip a3l [~ (3 - il < & -
menu as illustrated. The Race Car Assembly is Hiewport
- 25 Mew Window
displayed. i
3 Open the Axle Part from the Assembly. B TieHuricordly
@ Tl vertivalk SiR+T

Right-click Axle<1> from the FeatureManager. =
Close Al

Click Open Part [&] from the Context toolbar.
The Axle FeatureManager is displayed.

Pace Car
B oo e o

4 Apply the Measure tool to the Axle.
Measure the overall length.

S Top Flane |
B Right Phan| 3@ 48 60 13 S B BT
1. ongn g &

= 8 (fiRace C

Click Front [@] view from Heads-up View

R ;
toolbar. o G () Axe<z| X |Invert Selection

& "8 (=) Wheel o
Press the f key to fit the model to the graphics j’-_@gaj::: R

area.

Click the Measure
tool from the Evaluate - -

vigasure - Axie
toolbar_. The Mea_sure - eI ey
Axle dialog box is =

displayed. e —

Click the left edge of the

Distance: 50.00mm ~

Axle<1>, Delta ¥: 50.00mm
Delta ¥ 0.00mm
Zoom in if needed to Delta Z; 0.00mm v

select the edge.

Click the right edge of
the Axle<1>. View the

Center Dist:

results.
5 Measure the diameter of the Axle.
Right-click inside of the Selection box as m&&)\.&:&fz_&
illustrated. G- e b @[3
Click Clear Selections. Edge<2> | (Clear Selections
: | %elete
i i i - i Distance; 5t
Click Right view from the Heads-up View S ——
toolbar. Delta ¥ 0.00mm
Delta Z: 0.00mm v ”
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Click the circumference of the
Axle<1>. The diameter is 3mm.

Lesson 2: Designing the Race Car

|Measurf: - Axle

%

Close the Measure - Axle dialog

Center.

Diameter:

Jrnm

25mm Ormm Ormm I

box.

Click Isometric |@ | view from the
Heads-up View toolbar.

6 Return to the Race Car
assembly.
Click Window , Race Car from the Menu bar
menu as illustrated.

The Race Car Assembly is displayed.

1 Explore various Scenes and View Settings.
Click the drop-down arrow from the Apply

scene [=] tool in the Heads-up View toolbar.
View your options.

Click Plain White.

View the results in the graphics area.

Create an Exploded view

&b ~ -ﬁmx”zl}" @ -

Length: 9.42mm
Diameter: 3rm

Window JiHepd] 1 < & - bl - &

£

w ol

Viewport

| MNew Window
| Cascade

al

Tile Harizonkaly
llle werncally

| Arrange ‘cons

Close al

=hut+ |

Race Carl\

Pace Car Black

[+ #xe

=

By -

| Warm Kitchen

Plain White
Courtyard

Factory

Office Space
Roofiop

Reflective Floor Black
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Click the drop-down arrow from the View settings
@ tool in the Heads-up View toolbar.

v IEE_'*
. @ | Realview Graphics
Click Shadows In Shaded Mode. &) shadows In Shaded Mode

Rotate the model with your middle mouse button. < & Perspective
View the results.

Save the model.
Click Isometric @] from the Heads-up View toolbar.

Click Shaded |@| from the Heads-up View toolbar.

B SolidWorks | Fle Edt View Insert Tools Toobox Window Help QID S ST o I

] ] B o I 32 [ b2
Interference  Hole  Measure  Mass Section AssemblyXpert | Curvature | COSMOSXpress *
Detection  Alignment Properties Properties Analysis Wizard
!_.:ﬂiset_nbw I_ Layout | Sketc? | Evaluate | @O W@ (P b - B -8
e >
(o~ ) a
9 Race Car (Default=Display %
- [A] Annotations b |.|5.

®

- 3e] Lights, Cameras and Sc > \
% Front Plane ' /
% Top Plane .

& Right Plane

1, origin i
= %8 (f) Race Car Block<1>
=W () Axde< 1>

= T8 () Axla<2>

=y (-] Wheel< 1>

-y (4) Wheel<2>

=y (-) Wheel< 3>

-y () Wheel<4>

< > | fisometic
W] Model [ Wofi 1=
Solidorks Office Premium 2008 Under Defined  Editing Assembly 2 (&

Click Save || from the Heads-up View toolbar. You are finished with the
assembly. Review below for some of the dimensional rule requirements for the
CO2 cartridge Race Car assembly. In the next lesson, you will create an Race Car
Assembly drawing with dimensions.
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Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

Below are some of the dimensional requirements for the Race Car Block and the
CO2 cartridge hole. Review the dimensional requirements. Apply the Measure
tool to confirm that you meet the design requirements!

Body dimensions copied from the

2007 - 2008 Rules and Regulations

folder from the Flinschools.co.uk
site.

Race Car Dimensional Requirements

Body Dimensions

No. Stucture Min. Max.
3a. Fullbody length* 170 210
3b. Body height above the track” 3 10

(excluding eyelets) including

side pods and wings
3Jc.  Body width at side pods® 50 65
3d. Total body width, including wheels * 60 85
(all dimensions stated in millimetres, mm.)

No. Stricture Min. Weight
3e Body weight withoutthe CO, cartridge 55.0
(all weight values stated in grams, g.)

3t No part of the body should be less than 3mm thick - this
excludes air foils / wings
3g Maximum body height (including aerofoils) 60

* Additional Notes

3a. measured between front and rear extemeties of body.

3b. measured from track surface fo the car body

3o. measured from side-to-side of the car body - the side pods are the
part of the car that flanks the sides of the cockpit area of the car. The
outside face of the side pods when viewed from the side the pods must
present a surface measuring not less than 30X15 mm - a sticker of
30%16mm will be applied to both side pods and must be 100% visible
when viewed from the side. Side pods { onoave or flat
but capable of taking the F1 in Schao al
3d. measured between cutside edges of he w\.he
5 widest.

; bcd} whlche.uer

57



Lesson 2: Designing the Race Car SolidWorks
Engineering Design and Technology Series

Wheel dimensions copied from the
2007 - 2008 Rules and Regulations

folder from the Flinschools.co.uk
site.

Wheel Dimensions

4a. All F1 cars must have 4 wheels, two at the
front, two at the rear and all wheelz musct be
cylindrical.

4b. All wheele must fit the following criteria:

No. Structure Min. Max.

4c.  Front wheel diameter * 26 34

4d. Frontwheel width* 15 19
(at surface contact point)

4e.  Rearwheel diameter * 26 34

4f  Rear wheelwidth * 15 19

(at surface contact point)
(all dimensions stated in millimetres, mm.)

4g. All 4 wheels must touch the racing surface
at the same time and all wheels should roll
easily.

4h. Wheel dimensions must be consistent with
the whols diamster/circumference of the
wheel.

4i. A school/college/organised youth group
may manufaeture their own whesls, as long as
they fit within the set specification.

* Additional Notes

4o. & 45, measured to the extreme outer edges of each wheel.
4d. & 4f. measured between the extreme edgee (including any
protrusions)

Wheel to Body dimensional design
requirements copied from the 2007 . .
- 2008 Rules and Regulations Wheel to Body Dimensions
folder from the Flinschools.co.uk

site. The wheels ars not allowed to be inzids the car
body and 100% of the wheel should be visible from
the plan, side and views.

No. Stucture

5a. Front wheel visible Yes/No
(from the plan/side view)
5b. Rearwheel visible Yes/ No

(from the plan/side view)
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Power Plant dimensional design
requirements copied from the
2007 - 2008 Rules and
Regulations folder from the
Flinschools.co.uk site.

Car Body and Wings
dimensional design requirements
copied from the 2007 - 2008
Rules and Regulations folder
from the Flinschools.co.uk site

Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

Power Plant

The event organisers will provide all CO, cartridges for the regional
finals, national finals and World Championship

No. Structure Min. Max.

Ba. CO,cartndge 19.1 19.9
chamber diameter

6b. Lowest point of chamber 225 30
tothe track surface *

6c. Depthofhole 50 60

Bd.. Wall thickness around cartridge * 31

Be. No paint is allowed inside the chamber (please seal off or
protect the chamber while painting).

* Additional Notes

8b. measured from track surface to lowest surface part of the CO,
chamber
6d. clear space surrounding the GO, cartridge b

not be allowed to race and lcose marks acoo!

3 mm the oar wil

Car Body and Wings

8a. The car body including side pods AND rear wing, must be
machined from a single piece of balsa wood. Aerofoils at the front|
may be machined as part of the car body or from a seperate
material - non-metaliic.

8b. The design of the completed R-TYPE car should resemble
an actual F1 car and shall include the following features:

An aerofoil on the front nose of the car, an aerofeil on the rear of
the car and side pods on both sides of the car

No. Structure Min. Max.
8c. Rear/FrontWing width 40 65
{where the wing is split by the body of the car,
the width is calculated as a sum of both parts.)
8d. Rear/Front wing depth 15 25
8e. Frontwing thickness 1 12
8f  Rearwing thickness 3 12

* Additional Notes

The whole of the front aerofoil when viewed from the side
must be in front of the centre line of the front axle.
The whole of the rear aerofoil when viewed from the side
must be behind the centre line of the rear axle.

A driver cockpit/driver is an opptional feature

Designs will be tested and examined for any implants or
voids hidden within the car body.
Be/8f. The minimum depth of both front and rear wings is to be
measured at the narrowest point on each wing.
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Lesson 3
Create an Assembly Drawing

When you complete this lesson, you will be able to:

Create a B-size Sheet drawing of the Race Car Assembly
Apply the View Palette in the Task Pane

Insert an Isometric view with a Bill of Materials

Modify the View Scale

Modify the Sheet Scale

Add a drawing Sheet

Edit the drawing Title block

Insert a Front, Top, and Right view

Insert Dimensions into drawing views

Create an Exploded Isometric view
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Drawings

SolidWorks enables you to easily create drawings of parts and assemblies. These
drawings are fully associative with the parts and assemblies they reference. If you
change a dimension on the finished drawing, that change propagates back to the
model. Likewise, if you change the model, the drawing updates automatically.

Drawings communicate three things about the objects they represent:

m Shape - Views communicate the shape of an object.

m Size — Dimensions communicate the size of an object.

m  Other information — Notes communicate nongraphic information about
manufacturing processes such as drill, ream, bore, paint, plate, grind, heat
treat, remove burrs and so forth.

Creating an Assembly Drawing

62

1 Openthe Race Car Assembly. ——— e
C“Ck File’ Open' or CIiCk Open Files of e Asa;'r;t.lv““asm"“sdasmj ) Cche\ -
from the Menu bar toolbar. e R K
Browse to the Race Car \
Assembly folder.

Open the Race Car Assembly.
The Race Car Assembly FeatureManager is displayed.

Create an Assembly Drawing. OR&-H-&- L=

Click the Make Drawing from Part/Assembly [ Rew

tool from the Menu bar toolbar. B8 | Make Crawing from Part/Assembly
U8 | Make Assembly from Fart/issembly

Accept the standard Drawing Template.

Click OK from the New SolidWorks Documents | Templates | Tutorial
dialog box. '

Click OK from the Sheet Format/Size dialog box.

Creating an Assembly Drawing



SolidWorks

Engineering Design and Technology Series

Lesson 3: Create an Assembly Drawing

Right-click inside the drawing sheet.

Click Properties. The Sheet Properties dialog box is displayed.

3y | Select Other
Zoom/Pan/Rotate 3
Recent Commands u

£ | Smart Dimension
More Dimensiors
Annotations
Dirawing Yiews
Tables

Sheet (Sheet1)
Edit Sheet Format
Lock Sheet Focus
Set Resolved to Lightweight
Add Sheet. .

5 |Copy

X | Delete

& Properues%
Relations/Snaps Options. .,

Comment L

THLE

SEE DWG. NO

A Race Car

SHEET 1 OF 1

REV

SCALE 1S WEIGHT

3 Select the sheet size.
Click B - Landscape for
Sheet Format/Size.

The name of the Sheet is
Sheetl.

The Type of projection is
Third angle.

The Sheet scale size is 1:5.

Check the Display sheet
format box.

Click OK from the Sheet
Properties dialog box.

The drawing sheet is
displayed.

Creating an Assembly Drawing

Sheet Properties @BI

Mame: Sheetl
Scale: i -5

Sheet Format/Size
(@) Standard sheet size

A - Porfrat

:C - Landscape
|D - Landscape

,' b - landscape.siddrt

Display sheet format

/(Aistom sheet size

|Defauit

|A - Landscape ~

=t Landscape A

Use custom property valles from model shown

Type of projection

—~ Next wiew label: | A
(_)First angle L

(@) Third angle Mext datum | A

Prewiew

Browse...

wWidth 431.80mm Height: 279.40mm
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4 Set Document Propertes.

Click Tools, Options, or click Options : ,
| System Options | Document Properties |
from the Menu bar toolbar. p— :
i Deta?hng ) Dimensioning standard
Click the Document Properties tab. e EEI
) . . Balloons jons display
Select ANSI for Dimensioning standard. Arrows e
VYirtuial Sharps yon e left
Arnotations Display Ly ;ymbuls
Annotations Font
Grid/Snap et Lt
Units Leading | Standard ¥
5 Annotations font. =
. . Detaiing T ;
Under Detailing, click Dimpert r:”:e LiE
) : : | No
Annotations Font. CARELsiohs |Dimension
Motes ,De%l View
Click Dimension for Balloons |Detail view Label
A tation t ArTows |Section Yiew
nnotation type. VirtLial Sharps iﬁ;cﬁo:rr\gsvw Label
The Choose Font dialog box Amottons Dk |Surface Finish
. . Arnotations Font f\.'\u'eld Syrnbol
is displayed. Select the Tables Tables
drawing font. view Labels i
Select Century Gothic from Choose Font E]@
the Font bOX. Font: Font Style: Height:
EVEE-FIU.IFY Guthu:‘ __":‘Reg.L‘JIar | O units | 3333 |
Select Regular from the Font | BT - Cr— [z00mm ]
Style bOX (} Comic Sans MS Eold (@) Points

() Copperplate Gothic B Bold Italic = ]

. | O Copperplate Gothic Li™ | |
Check the Points box from [ == 1?? |
. ample | F
the Height area. L
Effects
SeleCt 16 AOBbeZZ I:‘Stnkeuut I:‘Umder\ime

Click OK to close the Choose
Font dialog box.
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Click OK to return to the graphics area.

Lesson 3: Create an Assembly Drawing

BsolidWorks | e Edt View Insert Tools Toobox Window Help @0 ?2--08%
.—None— M=
Fod » g D Balioon v’ Surface Finish Geometric Tolerance
D_Smar‘_t Model | spel | Note S8 AutoBaloon /7 Weld Symbol Datum Feature >
imension =
- Items | Checker ug Hole Calout (& Datum Target

View Layout | Annotation [ Skefch | Evaluate |
ET » (SRR s Sl B
.'?

Race Car

[A] Arnotations
= [& Sheetl

= Sheet Forn

- 8 X

FEUBE

[

View Palette &

Race Car

Options
[ limipart Anrotat

Auto-start projg

Drag views onto
_— drawing sheet

~

BEE - (2 D B
- 7 *Front
Solidworks 211.07mm  -48.16mm  Omm Under Defined  Editing Sheet1 1:5 (] &
Note: In newer versions of SolidWorks, the Annotate tab is renamed to Annotation.
6 Insert an Isometric view.
Use the View Palette to insert drawing views. The View 23 4
Palette contains images of standard views, annotation . -
views, section views, and flat patterns (sheet metal PR R
parts) of the selected model. You can drag views into an
active drawing sheet to create a drawing view. ﬁ i)
If needed click the View Palette tab from the Task Pane. | . *
o] Back
Drag the *Isometric icon into Sheetl.
The Isometric view is displayed. The Drawing View1 LSS m
PropertyManager is displayed.
KLeft *Bottom
#Curent  *lsometric

Creating an Assembly Drawing
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7 Modify the Sheet Scale and Display mode.
Check the Use custom scale box.

EEE IR

Scale A

Select 1:1 from the drop-down menu.
Click Shaded With Edges from the Display Style box.

() Use sheet scale

Click OK [«] from the Drawing View1 Ofsiteie s
PropertyManager. |User Defined v/

User Defined -~
Ise model text sca

8 Deactivate the Origins.
Click View, uncheck Origins from the Menu bar menu.

»

@giSolidWorks | Fie Edt View Insert Tools Toobox Window Hep & [)- 7 - - o =

i [-one- ¥ |

Fod & e 2 Baloon v Surface Finish Geometric Tolerance
Smart — yodel Spel | Note S AutoBalioon /7 Weld Symbol Datum Feature >
Dlmevnsnon Items | Checker A\ ug Hole Callout | {0 Datum Target
m Annotation [SKEER [EVAUGE] @ ¢ 55 2= £y (11~ G- e
B s
& :%ﬁ\}-
Race Car .@"
[A] Annotations s
= [ Sheetl (=
+ [ Sheet Formatl .%..
Drawing Yiew 1 |52
| .

>

4
WIARTHIl Sheet1 [ &0
Solidworks C 7167mm  -40.08mm  Omm Under Defined  Editing Sheetl 1:5 Z]
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9

10

11

12

Lesson 3: Create an Assembly Drawing

Edit the title block.

The title of the drawing sheet is automatically filled in
with information that is in the file properties of the
assembly.

Edi

Sheet {Sheetl)

t&é:ee_t Format
Lock Sheet Focus
Set Resolved fo Lightweight]

Add Sheet...

Right-click inside Sheetl. Do not click inside the
Isometric view.

Click Edit Sheet Format. [

. . & | century Goth vevlemm| AB T US EE=E SsEs=s
Zoom in on the Title — Lol ST T ;
B
Double-click on Race SCALE: 155 WEIGHT: | SHES
Car.

Select 12 from the drop-down menu.

Click OK [«| from the Note PropertyManager.

Return to the drawing.
Right-click Edit Sheet.

View the results.

Fit the drawing to the Sheet.
Press the f key.

Save the Drawing.
Click Save [ld]. Accept the default name.

Click Save.

Create a Bill of Materials.

Insert a bill of materials (BOM) into the drawing of the Race
Car Assembly. If you add or delete components in the
assembly, the bill of materials automatically updates to reflect
the changes if you select the Automatic update of BOM option
under Tools, Options, Document Properties, Detailing.

Such changes include adding, deleting, or replacing
components, changing component names or custom properties,
and so on.

Creating an Assembly Drawing

Sheet (Sheet Format1)

& copy
X Delete

Edit Sheet
Ad&sheet 3

o B
w.Message ¥
;_Ta_ble Template A
bom-standard | (&5]

¥

| Table Posjiion

A

‘-BDM Tv_'_pe
(@) Top level only

() Parts oy

() Indented assemblies

lemalcloaliiae

‘.Part Configuration
Grouping

£ |

| Item NumBers

 Border

3|

 Layer

& ‘.—Nome—

67



Lesson 3: Create an Assembly Drawing

1

Note:
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Create a Bill of Materials.
Click inside the Isometric view. The Drawing View1l
PropertyManager is displayed.

Click the Annotation tab from the CommandManager.
Click Tables, Bill of Materials. The Bill of Material

PropertyManager is displayed. Accept the default settings.

Top level only is selected by default. bom-standard is
selected in the Table Template box.

Click OK [«] from the Bill of Materials PropertyManager.
Click a position in the top right corner of Sheetl.

Click OK [«| from the Bill of Materials PropertyManager.
Click a position in Sheetl. View the results.

==z
Tables

Q%General Table

58 | Hole Table

B | Bil of Megerials
A |Revision T4l

You select a sheet format when you open a new drawing. The standard sheet
formats include links to System properties and Custom properties.

Save the drawing.
Click save [i&]

B solidWorks | Fle Edt View Insert Took Toobox Window Hep & G- 2-- (A%
i |-Mone- M=)
o & ans 52 galoon v Surface Finish Geometric Tolerance
D Smart  yedel Spel | Note 2 AutoBaloon 7 Weld Symbol Datum Feature >
imension :
5 Items  Checker A\ U@ Hole Callout | j& Datum Target
1 i @& T =] 1 —
View Layoul | Annotation [ Skefch [ Evaluate | R e - A ®
Elle » : i
T o mt &
Race Car sk : I :ﬁ
[A] Annotations E:
= & Sheetl —
+ [ Sheet Form: g‘i
= [B) Drawing e 2
T Bil of Materials1] -
ﬂ =
-
ge
< »
A1 _Sheet1 [¥J
Solidworks 130.47mm  -30.32mm  Omm Under Defined  Edifing Sheetl 1:5 [ &
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Add a Sheet to the drawing.

1

Insert a Front, Top, and Right view using the View Palette.

1

Add a Sheet in the drawing.
Right-click Add Sheet. Note: Do not click inside the
Isometric view. Sheet?2 is displayed.

Insert a Front view.
Click the View Palette tab from the Task Pane.

Drag the *Front icon into Sheet2 on the bottom left
corner. The Front view is displayed. The Projected
View PropertyManager is displayed.

Insert a Top view.
Click a position directly above the Front view. The
Top view is displayed.

Insert a Right view.
Click a position directly to the left of the Front view.
The Right view is displayed.

Click OK [] from the Projected View
PropertyManager. View the three views.

Modify the Sheet Scale.
Right-click inside Sheet2. Note: Do not click inside a
drawing view.

Click Properties.

Enter 1:2 for Scale.

Click OK from the Sheet Properties dialog box.
Click and drag each view into position.

Rebuild the drawing.
Click Rebuild from the Menu bar toolbar.

Save the drawing.
Click save [i&]

Creating an Assembly Drawing

Lesson 3: Create an Assembly Drawing

Sheet (Sheetl)
Edit Sheet Format
Lock Sheet Focus
Set Resolved fo Lightweight]
| Add Sheet.

—pe
[% i

*Front *Right
*Top *Back
— |
HLeft *Bottom

&

FCUrrent

Sheet Properties

Mame: S.hen_e.tz._

Scale: 1 -
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QfSolidWorks

| Fle Edt View Insert Tools Toobox Window Help si-’li""v 2~ F 3%

5D Balloon

o N e
Note 42 AutoBalloon

o
D.Smf"? Model|  Spel
|mevns»0n Items | Checker

|-Mone-
v~ Surface Finish Geometric Tolerance
/7 Weld Symbol
1 Ug Hole Callout

v@

Datum Feature
@ Datum Target

L

View Layout | Annotation [ Skeich | Evaluaie] = o o=
; Vi [ [E ] a2 @@ o

|
(0]

F \

Race Car
[A] Annotations

Sheet Format!
[ Drawing Yiew ]
&9 Bil of Materials 1
= [ Sheat2 EJ
: Sheet Format:
3| Crawing Yiew s
-3 Drawing Yiew:
-3 Drawing Yiews

s BOsE

B Race car

¥

<
eell | Sheet2 [T ]

Solidvaorks 120.68mm B88.33mm

omm Under Cefined  Ediing Sheetz 12

] @

Insert a Right Drawing View Dimension.

1 Insert a Dimension into the Right view on Sheet2.

Zoom in on the Right View.

Click Smart Dimension [©] from the Sketch toolbar.
Click the left edge of the Race Car. Note: Select an [

edge. View the icon feedback symbol.
Click the right edge of the Race Car.

Click a position below the car to place the
dimension. The overall dimension of the car is
210mm.

2 Remove the Parentheses.
Click the Add Parentheses box in the Dimension
Text section. The Parentheses are removed.

70

»

Dimension Text
=) ] @] (=]

<Citd=

i | GG | [ e
| i ”"xx"| |<—o¢»—u!

(W[T] [More...
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3

Creating an Assembly Drawing

Insert two Dimensions into the Front view.
Press the f key to fit the model to the Sheet. Zoom in on the Front View.

Click the left front edge of the Wheel.
Click the right front edge of the Wheel.
Click a position below the car to place the dimension.

Click the Add Parentheses box in the Dimension Text section. The Parentheses
are removed.

Click the bottom of the left front Wheel.
Click the top of the Top Wing.
Click a position to the left to place the dimension.

Click the Add Parentheses box in the Dimension Text section. The Parentheses
are removed.

Click OK [«] from the Dimension PropertyManager. View the results.

% I

L.._ TO ——= 210
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Note: The objective of this lesson is not to produce a completely dimensioned
engineering drawing. Rather it is to introduce some of the basic steps engineers go
through when producing documentation for a product. Add additional dimensions
and information on the drawing if needed for the contest.

4  Edit the title block. Sheet (Sheet2)
The title of the drawing sheet is automatically filled in | Editsheet Format
with information that is in the file properties of the 'Loct'&heet Focus
assembly, Set Resolved to Lightweight

Right-click inside Sheet2. Do not click inside the views.

Click Edit Sheet Format. [Fm® = =

Zoom in on the Tltle A | Century Gothic v:2< | S.EEmh _IA_LB LS L= = s o b o=

block. ;MRace Car

Double-click on Race SCALE: 1:22 WEIGHT: | SHER

Car.

Select 12 from the drop-down menu. Sheet (Sheet Format2)
. Edit Sheet

Click OK [« from the Note PropertyManager. oo

Right-click Edit Sheet. & copy

Rebuild [g] the drawing.

5 Fit the model to the Sheet.
Press the f key.

6 Save the drawing. : N
Click Save [d] :% L

View the results. essgpoead]

Open a Part from the Assembly View (Drawing View2)
Lock Yiew Position

1 Open the Race Car Assembly from Sheet2.
Right-click inside the Front view.

Lok Wiew Focus

Aligriment
Click Open race car.sldasm. The Race Car Tangent Edge
ASSEIT]b'y is dISpI ayed. et Resolved to Lightweight
. ¥ | open race car.sldasm
2 Return to the Race Car assembly drawing. X Dol

Click File, Close from the Menu bar menu. The Race
Car drawing is displayed.

In the next section, return to Sheetl and create an
Exploded Isometric view.
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QfSolidWorks | Fle Edt View Insert Tools Toobox Window Help el [(Jr 2+ - A%
hore- v
& N-G@-pJ- S 3 £\ Mirror Entities o
smat .m;-@ - Trim Offeet E22 Linear Sketch Pattern - | Display/Delete >
Dlmevnsnn s T Entjtnes Entities &, Relaf»ons
VlewLa Out | Annotation | sketch [EVAUGIE] @ iy g 2 Gy (1~ Guv L
[@ » i 7 5 _
 —) a
Race Car :E
[A] Annotations .E:
= Sheetl .
Sheet Format: ini
Drauing Yiew 25
&9 Bil of Materials 1 [
= [ Sheet? 1 |
=' Sheet Format;
{ Drawing Yiewz F—
[+ g Cirawing I T_
-3 Drawing Yiews T
e |
sheet heet2 | ]
Solidt 26.558mm -13.86mm  Omm Under Defined  Editing Drawing Yiew2 1:2 [l ()
Create an Exploded Assembly view
1 Return to Sheetl.
Click the Sheet1 tab at the bottom of the graphics area to return to Sheetl.
2 Create an Exploded State.
Right-click inside the
Isometric view. Configuration information
B . () Use model's 'in-se" or last saved configuration
CIle.Prop_ernes. The (@) Use named configuration:
Drawing View Default v
P_ropertles dlalog box is Show in exploded state
displayed. Didiay State
. | Display State-1
Check the Show in Rk -

exploded state box.

Create an Exploded Assembly view
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Click OK from the Drawing View Properties dialog box.

i _
3 Modify the View Scale. @@ T @ @
Click inside the Isometric view in Sheetl. The Drawing  [g. e p

Viewl PropertyManager is displayed.

() Use sheet scale

Check the Use custom scale box. Ol

Select User Defined.
Enter 1:1.5.

145

;User Drefined

Iy

v

Click OK [« from the Drawing Viewl PropertyManager.
Rebuild [g] the drawing.

4 Save the drawing.

Click save . View the results. You are finished with the drawing section of this
Project. You created an Exploded Isometric View with a Top level Bill of
Materials on Sheetl, and created three views with inserted dimensions on Sheet2.

GiselidWorks | Fle Edt View Insett Took Toobox Window Help ﬁlu -

3 -

*®

: Sheet? 4

Drawing Yiew3
Corawing Wiews

nore- v 18
& N-@-pJ- = 3 L\ Mirror Entities &
Swart WSl e Offset 888 Linear Sketch Pattern - Display/Delete
D|mevnsm o e Entvrtles Entiies i, Relaf»ons
| View Layout | Annotation @ = fol il o
View Layout | Annotation | Sketch | Evaluate CROR Vs [ ae _ A
| B8 Y| 2
BY Race Car | T— =
[A] Annotations :
= [ Sheetl
# e Sheet Format1
[+ [ Drawing Yiew1
B Bil of Materials1

A Sheet1 [Sheef2 [ o]

Sclidworks C 38.24mm -42.47mm  Omm Under Defined  Editing Sheetl 1:5 2
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Lesson 4
PhotoWorks ™

When you complete this lesson, you will be able to:

Load the PhotoWorks Add-in

Create a PhotoWorks Assembly configuration

Apply Appearance to the Race Car Assembly

Apply a Scene

Render the Race Car Assembly

Apply and edit a New Decal

Understand what makes an image look realistic and make changes to improve
the realism of the rendering

m  Save the image
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PhotoWorks

following elements of a rendering: B |07 [ | e |
¥ Race Car
m Scene ={ ] Scene
m Appearances Flain White
=] Appearances (default plastd
[ | D_ecal_s i Pl matte rubber <1
| nghtlng &[] satin finish aluminum <1
m Image output formats # [ polistied beech 2d <1~
[ Decals (empty)
. = 2] Lighting
Activate PhotoWorks Q@ Ambiert
: : R & Directionall
Rendering is the process of applying the appearances, el

76

PhotoWorks is a best-in-class rendering solution for creating photorealistic
images from 3D CAD models, increasing the impact of presentations and
proposals. Utilize PhotoWorks to help your customers and colleagues visualize
your designs more easily. PhotoWorks contains advanced visualization effects
such as user-defined lighting, and an extensive library of appearances and textures
as well as background scenery.

PhotoWorks allows you to render a model in an existing scene with lights. You
select one of the studios and the scene and lights are automatically added and
scaled to the size of the model. By default, images are rendered to the graphics
area. You can also save images to a file in a variety of formats for printed
materials and web pages.

With PhotoWorks you can define and modify the

scene, lighting, and decal information to the model.

Open the Race Car

Assembly Fila nams Race Car - z
CIle Open from the Files of type Assembly (*asm* sldasm) ~ Cancel
<Mone>

Menu bar toolbar.

Browse to the location of the
Race Car assembly.

Open the Race Car Assembly.
The Race Car Assembly is displayed.

Activate PhotoWorks
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2 Load the PhotoWorks Add-in.

Click Options |4, Add-ins... from the Menu bar toolbar.

The Add-ins dialog box is displayed.

Check the PhotoWorks box.
Click OK from the Add-Ins dialog box.

The Render Manager (&g | tab is displayed in
the FeatureManager and is updated in the

RealView/PhotoWorks tab in the Task
Pane.

3 PhotoWorks toolbar.
If required, click View, Toolbars,
PhotoWorks.

The PhotoWorks toolbar is
displayed.

Lesson 4: PhotoWorks™

EEN
El | Cptons
| Customize...

| Add-Tnsg——

Ra\_ce CE_N’

[0 COSMOSWwarks 2008
[, Design Checker
[ eDrawings 2008
&8 Featurawarks
[]  POMWtorks WWorkgroup 2008
[ Phototvarks
ScanTo3D
[T Solidiworks Routing
Solidviarks Tookbaox
[#'F Solidwiarks Tookhox Browser
[l2 Solidwiarks Utilities
O Tolanalyst

= Solidworks Add-ins

Active Add-ins iStart Up|
& Solidworks Office Premium Add-ins

138y =20 Instant Website F
[0 COSMOSMotion 2002 ]

[0 Autotrace

[0 Solidivarks 2D Emulatar
[0 Solidwiorks 30 Meeting
[0 Solidworks MTS

[0 Solidéorks XPS Driver

= Other Add-ins

0] 00000 00rEOOO00oOoco

[0 =0control

Ok ] [ Cancel ]

A

f& macro

Mold Tools
[ Motiormanager
7] Photowerks

B

¥ | Reference Geometry

Lick. Snaps

PhotoWorks

Bl BBERRE MR8 %% &

Activate PhotoWorks
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Create a Configuration for Rendering

It is good practice to make a configuration of the assembly specifically for the
purposes of rendering. This way you can make changes to the assembly without

78

effecting things like the drawing.

Create a new configuration.
Click the ConfigurationManager |2 | tab.

Right-click Race Car.

Click Add Configuration. The Add Configuration
PropertyManager is displayed.

The new configuration will be a copy of the active
one.

Enter PhotoWorks in the Configuration name box.

Enter PhotoWorks in the Description box.

Click OK [«]from the Add Configuration
PropertyManager.

View the new configuration.

SolidWorks

Engineering Design and Technology Series

B Fooca e

48 X | Invert Selection

Top Assemblv (Race Car)
Hidden Tree Items

| Comment

| Tree Display
Explode
Animate explode

B | Hide

| configuration Properties A

Canfiguration name:

FhotoWorks ‘

Description:
[ Priotoworks |

éomment:

»

| Bill of Materials Options

Part number displayed when
used in a bil of materials:

_Race Car

|Document Mame we |

Don't show child
[ compaoneants in BOM when
used as sub-assembly

&«

I Advanced Options

| Parent /Child Options ¥,
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2 View the Present PhotoWorks settings.
Click PhotoWorks in the ConfigurationManager as

illustrated.
Click the Render Manager [@&] tab.
Expand Scene, Appearances, and Lighting.

View the details.

3 Return to the FeatureManager.
Click the FeatureManager [ tab.

Note: The present configuration is PhotoWorks.

Lesson 4: PhotoWorks™
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% Directionall
& Directionalz
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e 8|0 & [Ex)
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Appearance % Appearances

PhotoWorks can use the appearance you applied when v R =

modeling the car for the rendering. However, that isn’t Basc | Advanced |

always what’s best for a rendering. For example, when | S coorfimage | |

you modeled the Race Car Block, balsa material was used  |i5icqea ceometry -

so we could calculate the mass. And to do that, you @ ®

needed the correct material properties such as density. . |

In the case of a rendering, you are more interested in what

the car looks like, not what it is made of. So even though | ©

PhotoWorks can render engineering materials such as ! -

steel, copper, aluminum, and plastic, you can also apply Remove Appeararce

and render materials such as rubber, leather, fabric, paint, :Appearance Y

etc. eH i
 Configurations ¥

4 Apply Appearance to the Tires.

Click the Appearance tool
from the PhotoWorks toolbar.

Appearance
Choose a appearance for
selected geometry

The Appearances
PropertyManager is displayed.

Click the Basic tab from the _
Appearances PropertyManager. BT Ble |

" Appearances

Photoworks

B BEERD e %% &

K 4=

_ i)
Color/image
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5 Clear all selections.
Right-click inside the Selected Geometry box. [OBER RO y—

Click Clear Selections.

L ACE [ SLOASM 15
EEIETT |

6 Apply changes at the part level. _ CZZrteSe\ectlons
You can apply changes at the part, feature, or assembly R
Customize Menu

level.

Click the Apply changes at part document level box. [Remeve Appearace | {
7 Apply changes to the PhotoWorks configuration. |Configurations A
The PhotoWorks configuration is the active o sonierralog
f| uration I configurations
config . o specy
configurations

Check the This configuration box as illustrated.

Click the top face of a tire in the
graphics area.

The selected face is displayed in the
Selected Geometry box.

Remaove Appearance

Appearance 81
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Click the RealView/PhotoWorks tab from the
Task Pane as illustrated.

Expand the Appearances folder.
Expand the Rubber folder.
Click the Texture folder.

e8]

Click tire tread. The tire tread appearance is applied
to the four tires in the graphics area.

Click OK from the Appearances
PropertyManager. View the results.

SgE -

RealView /PhotoWorks
®DES R

o

= [ Appearances
5 Plastic

- e Metal

= Painted

= (= Rubber
f 5 Matte
' Gloss
|
- Glass
- Lights
- Fabric
- Qrganic
-5 Stone
- L5 Miscellaneous
% Scenes
Ciecals
# [l Lights

Select a Photo'Waorks
appearance

ar use the Browse... button...

fire tread

EflSolidWorks | Fle Edt View Insert Took PhotoWorks Toobox Window Help i

B 2-_-08x

g © N\-O-n-E B 5 &
Ghe S 0. 0 & Al T S ol i :
layout 7 ® o = 50
Assembl | Layout | Sketch [ Evaluate | B0 S WE (P o k- E- - A x Reeil\.!'iew,fpho... @
& 5 [
A 986 ik
F— :@ = [ Appearances
B Race Car (PhotoWorks{ i i =) Plastic
# |A] Annotations 5 #5 Metal
i [se] Lights, Cameras and S = ® i Panted
% Front Plane Ig- = = Rubber
% Top Plane [ig. (Ei Matte
% Right Plane | 5 Gloss
L. crign (e Textlre
# 8 (f) Race Car Block<1» = Glass
= B () Axle< 1= 4 Lights
W () Axlexz> - Fabric
® B () Wheel<1> + L) Organic
& B () Wheel<2> - Stone
=% () Wheel<3> L) Miscelaneod
& § () Wheel<4> 8 Soenes
i+ il Mates & Decals
- Lights
< | %
Drag and drop
appearances on..
[ Tiofior - -
Select entities to modify thelr appearance Under Defined  Editing Assembly 2]
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Note:

Apply Appearance to the Front and Rear Wing.

Click the Appearance tool from the PhotoWorks
toolbar. The Appearances PropertyManager is
displayed

Click inside the Selected Geometry box.
Right-click Clear Selections.

Apply changes to at the part level.
You can apply changes at the part, feature, or
assembly level.

Click the Apply changes at part document level
box.

Apply changes to the PhotoWorks configuration.
The PhotoWorks configuration is the active
configuration.

Check the This configuration box as illustrated.
Expand Race Car from the fly-out FeatureManager.
Expand Race Car Block.

Expand Features.

Click Extrude4.

Extrude4 is the front wing. Extrude4 is displayed in
the Selected Geometry dialog box.

Expand Race Car from the fly-out FeatureManager.
Expand Race Car Block.

Expand Features.

Click Extrudes.

Extrude5 is the rear wing. Extrude5 is displayed in the
Selected Geometry dialog box.

Select a color as illustrated.

A custom color can be selected and created by using
the color palette in the Color dialog box.

Appearance
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+{@& co2 cartridg...
+ Axle Hole Cut ...
+ Extrudel

+ Extrudez
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Click OK from the Appearances

PropertyManager.
View the results.
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Rendering

Rendering is the process of applying the appearance, scene, lighting, and decal
information to the model. Full rendering applies all options set within
PhotoWorks. Performing any operation that changes the view (zoom, pan or
rotate) will remove the rendering.

1 Render the model.

Click the Render tool from the Render
Render active document
PhotoWorks toolbar.
Photoworlfs 3

View the model in the graphics area.

B0 RBRER Hae %%

Edit the Appearance
1 Modify the Appearance to the Race Car Block. E@ﬁt\@g"'@
g

Race Car

Click the Render Manager tab in the Eilo

Plain White
Featu re M anage I. =[] Appearances (default plastic

i [ tire tread «<1>

Expand the Appearances folder. T
. . . D | polished beo
Right-click polished beech 2d <1>. CDecals (empty) R

= el Lighting Attach to Selection,

C|ICk Ed|t @ Ambient

® Directionall

@ Directionalz.  Cut

The Appearances PropertyManager is displayed. toe
Race Car Block is displayed in the Selected =
Geometry box. BN

¢ X =

Basic Advanced |
kel Colorfimage

Message ¥

A

Selected Geometry A
®®

([ [Race Car Block SLDPRT

&

Gl

aj

‘ Remove Appearance ‘
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Expand the Appearances folder.

= E A ~
Expand the Metal folder. St ]
. . =) Metal
Click Silver. 5 Steel
. ] qg Chrome
Click matte silver. 5 Auminum
qg Bronze
Click OK [+ | from the Appearances B
1 Nickel
PropertyManager. @ 2ne
2 Render the model. o Moped i
i Iron
Click the Render tool from the PhotoWorks
toolbar.

View the results and the updated Render Manager.

3 Return to the FeatureManager.
Click the FeatureManager tab. pellEliE
matte silver

G SolidWorks | Fle Edt View Insert Toos PhotoWorks Toobox Window Help = B 2--B %

: o N-@ -0 - i} 5 & b [@
Create 5™t O aA-@ - A convert &7, ga2 i o ¢ : >
Di = Enfities i 3

layout |me'ns»on O sk n' o

Assembly | Layout | Skeich | Evaluate
By |

Y9 Race Car |
=] Scene [
Flain Witz

=] Appearances (defalt pl
[ satin finish aluminum
# Pu tire tread < 1>
i [l defaLlt plastic < 1=
i [ matte siver < 1>
|| Decas (emphy)
|2 Lighting

| (i8O8 B

< >

0] Model [Wotion Study 1]
Select enfiies to modify their appearance Under Defined  Ediing Assembily [l
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4 Save the model.

Click save .

Scenes

PhotoWorks scenes are made up of the things we see in the rendering that are not
the model. They can be thought of as a virtual box or sphere around the model.
Scenes are composed of backgrounds, foreground effects, and scenery.
PhotoWorks has a number of predefined scenes to make initial renderings quick

and easy.
1 Apply ascene.
Click the Scene tool from the iaggsvs a scenery for the active
PhotoWorks toolbar. The Scene Editor Sl
dialog box is displayed. Photoworks

B BEERAD HNaE %% &
W

Click the Manager tab.

!
CIICk Stu d 10 Scenes ) :Manager | Room Ba:WFDr_egrDund__ Environment | Lighting
Click Reflective Floor S T N
Checkered. | gBaslg Sceres ~
Studio Sceres z.
Click Apply. | GPretons -
R &-£F My Documents | Reflective Floor Black  Reflective Floor
Click Close. Checkered
2 Render the model. . -
Y Y
Click the Render | 8] tool .
Factory Floor DListy Antigue
from the PhotoWorks
toolbar.
H B
View the model in the =
g raph | CS area. < | 5 Misty Blue Slate Strip Lighting 3
PreSS the z key tO eXIt the Default :_\scenes\UZ studlio sceneshE light cards.p2s
Render mode. ;

Scenes 87
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@-% Annotations |E=-7 = ) Mtz
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-G Front Plane |ﬂ e
) ~
% Top Plane l_ =
- % Right Plane (@ &g
L crign ] Ee
=% (f) Race Car Block-!, e
® B () Ade= 1 _}J @
8y () Axle<2> &z
G () Wheel<1> E
8y () Wheel<2> &
i G () Wheel<3= T
%8y () Wheel<4> &7
i [l Mates Ee
<3| >
Drag and drap
appearance
__VIOTIoN o
Select entites o modify their appearance Under Defined ~ Editing Assembly [

Decals

Decals are artwork that are applied to the model. They are in some ways like
textures in that they are applied to the surface of the part, feature, or face.

Decals can have parts of the image masked out. Masking enables the material of
the underlying part to show through the decal image.

Decals can be made from a variety of image files including but not limited to:

m  Windows bitmap (*.bmp)
m  Tagged Image File (*.tif)
m Joint Photographic Expert Group (*.jpg)
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1 Apply adecal.

Click the New Decal tool from
the PhotoWorks toolbar.

The Decals PropertyManager is
displayed.

MNew Decal
Choose a decal for selected
geomelry

PhotoWworks

Bl BEEBEREG FHAR %% 0 &

If required, click the RealView/

PhotoWorks [@]tab in the Task
Pane.

Click a position on the right side of
the Race Car Block as illustrated.

X

Click the SolidWorks decal. DESE D

= [ appearances Ll

1= Plastic Barcode
& L Metal
= = Painted
& L5 Rubber =
= 0 Glass ;s’u‘ e
s Lights ks
i (e Fabric Sclidworks
@ g Orgaric
= = Stone
& L5 MiscelaneoLis
gk Scenes

s
i o] Ligh

Click the Decals folder.
Realview /Photoworks “l‘l

The decal is displayed on the
Race Car Block.

EEEIEETE
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Check the This configuration box.

Position the Decal.

Tip:

90

Click the Mapping tab from the
Decals PropertyManager.

The decal is not positioned or
scaled very well for the model.

Select Projection from the drop-
down menu in the Mapping box.

Select zX from the drop-down
menu for Axis direction.

Enter 20.00mm for Horizontal
location.

Enter -12.50mm for Vertical
location.

Enter 180.00deg for Rotation.

Click inside the graphics area.
View the results.

SolidWorks

Engineering Design and Technology Series

Ll

This configuration
(il configurations
() Specify configurations

Size/Orientation R
Fied aspect ratio
[Fit width to selection
Fit height to selection
B Numination E ? =
L Image | <% Mapping 1 O |212.43107619mr 3 |
Selected Geometry  A| |10 [5240137852mm £ |
@l |§| Aspectratio; 2300 1
(=P <% | 180.00deg =
T T T 1 |
[Mirrer horizontaly
[mirror werticaly
Reset to Image

‘Mapping -
iérojechon -v
= &
= [ooomm 2|

T -12.50mm =l

Click OK from the Decal PropertyManager.

View the results.

Create a decal from an existing file. Select the
Image tab. Click the Browse button under the

Image file path.

Image file path;:

| uresidecals\ogo bmp

Save Decal...

Decals
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2 Render the model.

Click the Render tool from the PhotoWorks toolbar. View the model in the
graphics area.

Press the z key to exit the render mode.
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2 © \-O-N-B S A
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3 Save the model.

Click Save .

4 Review the Render Manager.

Click the Render Manager tab.

Expand each folder.

View the results.

Edit the Decal

Right-click logo <1>.

Click Edit. The Decals PropertyManager is displayed.

Click the Mapping tab.

Use the graphics view decal frame to move, resize and rotate the decal as
illustrated. View the finished position of the decal from the PropertyManager.

SolidWorks

Engineering Design and Technology Series

(BT |8 E |
9B Race Car
=[] Geene
Reflective Floor Che
=[] Appearances (default pl
&1 [ satin finish aluminu
&[] tire tread < 1>
B [ defalt plastic <1
&[] matte sitver <1
= [ ] Decals
=

& @ Ligh Render...

- —

m

Note: Dragging edges or anywhere inside the frame moves the image, dragging corners

resizes, and dragging the center ball rotates the decal.
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Projection v]
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Click OK from the Decals PropertyManager.

5 Return to the FeatureManager.

Click the FeatureManager tab.

6 Save the model.

Click Shaded from the Heads-up View toolbar.

Click save . You are finished with this section. Have fun. Explore with decals,

appearances, lighting, scenes, etc.
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Select entities to modify their decal

Under Defined  Editing Assembly (2

Output Options

Rendering to the computer screen is generally done for two basic reasons:

m To visualize the effects of appearances and scenes. This is generally an
intermediate step en route to the final output.

m To capture the image with screen capture software for use in other programs.
The images for this manual were made as screen captures.

This is rarely the final output though.

Output Options
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Render to a Printer

Rendering directly to a printer is useful for creating a hard copy image of a
project. This is a limited option because you cannot add captions, put multiple
images on a page, or manipulate the image. Rendering to a printer is not useful for
illustrations in Microsoft® Word or PowerPoint® because the hardcopy would
have to be converted into a graphics file.

Some common uses of printer renderings might be for:

m Lobby displays of products before production begins;
m Display boards at conferences;
m  Project reports.

To obtain rendered output from a printer, you must use the PhotoWorks print
command, not the SolidWorks print command.

Rendering to a File

The most useful output method is to render the image to a file. Image files can be
used for many purposes, including web pages, training manuals, sales brochures,
and PowerPoint® presentations.

Rendered image files can be further manipulated with other software to add
lettering, effects or make adjustments beyond the capabilities of the PhotoWorks
software. This is known as the post-production phase.

File Types

94

Images can be rendered to the following file types:

Windows Bitmap (* - bmp)

TIFF (*.tif)

TARGA (*.tga)

Mental Ray Scene file (* .mi)

JPEG (*.Jp9)

PostScript (* . ps)

Encapsulated PostScript (* - eps)

Silicon Graphics 8-bit RGBA (*.rgb)
Portable pixmap (* - ppm)

Utah/Wavefront color, type A (*.rla)
Utah/Wavefront color, type B(*. rlb)
Softimage color (*.pic)

Alias color (*.alias)

Abekas/Quantel, PAL (720x576) (*.qgntpal)
Abekas/Quantel, NTSC (720x486) (* .gntntsc)
Mental images, 8-bit color (*.ct)

Output Options
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Methods to Increase Rendering Quality

Note:

The quality of the image file can vary depending on the options chosen in both
SolidWorks and PhotoWorks. Generally speaking, rendering quality and rendering
time are directly proportional. Some choices to improve image quality are listed
below.

Not all of these options were covered during this introduction to PhotoWorks. For
additional information about PhotoWorks, ask your teacher about getting a copy
of PhotoWorks Step-By-Step: A Self-Study Guide to Photorealistic Rendering. It is
available from your school’s value-added SolidWorks reseller.

m Increase SolidWorks image quality.
PhotoWorks uses the tessellated data of the shaded SolidWorks models when
importing those models for rendering. Increasing shaded image quality
reduces jagged edges on curved surfaces.

m Increase the number of pixels rendered.
Use a high dot per inch setting to render more pixels.

m  Enable ray tracing.
Ray tracing allows light to reflect from, and refract through, solids.

m Use a higher anti-aliasing setting.
Higher settings for anti-aliasing reduce the jagged appearance of edges that
are not vertical or horizontal.

m Increase shadow quality.
Increasing shadow quality improves the edges of shadows.

m Enable indirect lighting.
Indirect lighting adds light to surfaces that has been reflected by other
surfaces.

m  Enable caustics.
Caustics add realism by adding the highlights caused by light refracting
through transparent materials.

m Enable global illumination.
Global illumination adds all forms of indirect illumination other than caustic
effects. This includes color information and strength.

How Many Pixels to Render

For the highest quality output with the most efficient file size, we need to
determine the correct size to render the image. As a general rule, do not scale up
bitmap images. This causes loss of definition. Images may be scaled down, but the
original file will be larger than necessary.

Dpi Versus Ppi

Dots per inch (dpi) and pixels per inch (ppi) are sometimes used interchangeably,
but they are actually different. Dots per inch are the number of dots printed per
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linear inch. Pixels per inch measures the resolution of an image projected on a
display.

Calculating Correct Number of Pixels

Question: How do you calculate the number of pixels to render for the final
output?

Answer: Work backwards from the output.

For general reference, web images use a resolution of 72 dpi. Newspapers use
resolutions from 125 dpi to 170 dpi. High-quality brochures and magazines use

resolutions from 200 dpi to 400 dpi. For books, the range is generally from 175
dpi to 350 dpi. PowerPoint presentations are normally 96 ppi.

If the output will be to a printer, and you want to make the image look like a
photograph, you may need 300, 600 or 1200 dots per inch.

Multiply the printer resolution in dots per inch (dpi) times the desired size in
inches.

The correct number of pixels can be calculated and entered directly, or you can
specify the size of the image in inches or centimeters and the dots per inch and let
PhotoWorks calculate the result.

Example #1

Suppose we want to include a rendering of the Race Car in a Microsoft Word
report which we are going to print on a 300 dpi printer. We want the image to be 5
inches wide and 3.75 inches high.

Multiplying the size of the desired image times the printer’s dpi gives 1500 by
1125 pixels.
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1 Render to file.
For good print quality, render
this image as a TIFF file. This
will result in a large file but
with excellent definition.

Click Render to File from
the PhotoWorks toolbar.

Render to File
Render active document into fle

Photoworks Ed

B EEERG M %% &
14

. i File name: .Rﬁcg Car | ~ Render
Set the Loc-l):klzjn dlrectory to the Farmat [B-bit RGBA TIFF (i) -
Race Car folaer. el
Select 8-bit RGBA TIFF forthe |
Format () Pixels
(’:‘w Centimeters i .
Name the file Race Car.tif. Obaee w2 oowperien
icith: Height
Select Fixed aspect ratio. oo - - Mfedaspectiaio 1331

Approximate file size: B591KB

Under Image size, select
Inches and set the Width to
5.00 and the Height to 3.75
inches.

Irnage guality

Compress using run length encading

Example #2

Suppose we want to

incorporate our rendering into a PowerPoint presentation. PowerPoint
presentations generally use images that are 96 dip. We want the image to be 5.5
inches wide.

5 _ 55
3.75 NewHeight
Solving, we get 3.75x 5.5 = 5x NewHeight Or 20.625 = 5 x NewHeight= 4.125

To maintain the same aspect ratio, calculate the correct height:

Multiplying the size of the desired image times 96 dpi gives 528 by 396 pixels.
This yields a file size of about 816 KB.

2 Save and close.
Save and Close all open files.
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Lesson 5
Analysis

When you complete this lesson, you will be able to:

Modify the Rear Wing of the Race Car Block to increase the mass
Apply the Measure tool

Apply the Mass Properties tool

Apply COSMOSXpress to the Axle-A part

Modify the material in the Axle-A part and re-run COSMOSXpress
Save the COSMOSXpress analysis

Run COSMOSFlowXpress on the Race Car Block
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Modify the Rear Wing

In Lesson 2, you create the Race Car Assembly. You applied the Mass Properties
tool and calculated the mass of the Race Car without paint, decals, sanding, etc. as
49.98gram. Increase the size of the rear wing to increase the total mass of the Race

Car.
1 Open the Race Car
Assemby.

H File name: ace Car 3 7
Click Open [Z] from the Face G (_open ]|
Menu bar toolbar s I / E

' . <Maone>
Description

Browse to the location of the
Race Car Assembly.

Open the Race Car Assembly.
The Race Car Assembly is displayed.
2 Open the Race Car Block Part.

Right-click Race Car Block from the Elﬁ’l\?&sl 2

FeatureManager. % Race Car (DefaLit<Display 51
. - (A] Annotations

Click Open Part from the ] Lights, Cameras and Scens

Context toolbar. The Race Car Block s

T QTRIHD @ 6 18 S b OF
FeatureManager is displayed. S Rigty ¢ Pl g

3 Display the Rear Wind.

Click Hidden Lines Removed
from the Heads-up View toolbar.

Click Right || view from the Heads-

up View toolbar. 3= sk
% Front Plane
Press the f key to fit the model to the it
. % Right: Plane
graphics area. 5. crign
= ([ Balsa Block
Drag the Rollback bar below = @ Screw Eye Slot
. = (@) Co2 Cartridge Hole
Extrude5 as illustrated. + [&] Axle Hole CLt OUE
= [@ Extrudel
Expand Extrudes. FEoeer ] | @ @
& (@ Extrudez = [E] Extrudes

+ ([§ Extrudes
i [| Extrudes

Right-click Sketch9.

Click Exit Sketch [&] from the
Context toolbar.

Zoom in on the rear wing.
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4 Modify the Height of the Rear
Wing.
Double-click the 8 text dimension. 18

Lesson 5: Analysis

Enter 10 in the Modify dialog box.

Click the Rebuild tool. View the
results. +

Click the Green check mark inthe  R2
Modify dialog box.

5 Modify the Width of the Rear Wing.
Double-click the 18 text dimension.

Enter 22 in the Modify dialog box.
Click the Rebuild tool. View the

results. =

Click the Green check mark in the
Modify dialog box.

Click OK [+#] from the Dimension ” e

PropertyManager. View the modified
rear wing dimensions.

Click the Rebuild tool from the Menu bar toolbar.

Drag the Rollback bar below VarFilletl in the
FeatureManager as illustrated.

Click Shaded With Edges [8] from the Heads-up View
toolbar.

6 Savethe model.
Click Isometric [@] view from the Heads-up View toolbar.

Click save [ld| from the Menu bar toolbar.

7 Return to the Race Car Assembly.

S . Extrudel
= [@ Extrudez
- [@ Extrude3
= [§ Extruded
=g Extrudes
= Sketcha
] Filet1
] Filet2

] VarFilet1

Click File, Close from the Menu bar menu. The Race Car Assembly is displayed.

Click Yes to rebuild.

Calculate the New Mass

You modified the height and width of the rear wing. Compare the original design
to the modified design. Apply the Mass Properties tool. Measure the overall mass

of the Race Car Assembly.

Calculate the New Mass
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1 Apply the Mass Properties tool.

Click the Evaluate tab.

Click the Mass Properties | 2| tool from
the Evaluate toolbar. The Mass Properties

SolidWorks

Engineering Design and Technology Series

B o f
Interference  Hole  Measure  Mass Section
Detection  Allgnment Properties  Properties|

Assembl Skelch | Evalyate
- : L_‘,\Fy_J

dialog box is displayed.
Click the Options button.

Check the Use custom settings box.

Select 4 for Decimal place.

Click OK from the Mass/Section
Property Options box.

View the new mass of the Race Car
Assembly. The new mass is
55.31grams vs. 49.98.

Click Close from the Mass
Properties dialog box.

Explore design changes to your
Race Car Assembly. Make sure that
your final configurations meets the
race contest requirements.

Apply the Measure tool

Apply the Measure tool to measure
your modifications to the rear
wing. You modified the rear wing
in the Race Car Block.

Confirm your modified
dimensions.

102

Mass/Section Property Options g|

Lrits
[ sciertific Motation
() Use document settings

(8) Use custom settings

Length: Decimal
mimerers _v]  [B [
Mass: . )
grams v

Per unit

milimeters~3

¥ Mass Properties

Print... H Copy ” Close

H Options... ” Recalculate ]

Output coordinate system: | -- default —
Race Car . SLOASM
Selected items:

Include hidden bodiesfcomponents
Show output coordinate system in corner of window

[[] Assigned mass properties
Mass properties of Race Car { Assembly Configuration - Photoworks )
Output coordinate System: -- default -

Density = 0.0003 grams per cubic milimeter

Mass = 55.3132 grams

Wolume = 202867.9394 cubic milmeters

Surface area = 61946,3597 milimeters”2

Center of mass: { milimeters )

A = 0,0006

¥ = 12,1600
Z=99.0175

Principal axes of inertia and principal momenits of inertia: { grams * sguz

Taken at the center of mass.

Ix = (0.0000, -0.0400, 0,9992) Px =2
Ty = (1.0000, -0,0000, -0,0000) Py = 2
Iz = (0.0000, 0,9992, 0.0400) Pz =2

Moments of inertia: { grams * square milimeters )

Taken at the center of mass and aligned with the output coordinate sys
Lxy =-0.2114 Lxz =C

Lxx = 20887168671
Lyx = 0.2114 Lyy = 227163.8531
Lzx = 0.9342 Lzy = -7940.9552

< >

Lyz ==
Lzz=2 =

v

~

Apply the Measure tool
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1 Apply the Measure tool.

Lesson 5: Analysis

Click the Measure [ 8] tool from the Evaluate e _HEZ,"}E T

toolbar. The Measure - Race Car dialog box is Detesin _Algioent fibocks

diSpIayed Assemb[g Laxout Skelch | Evaluate OI
- - . - - =

Right-click Clear Selections in the Selections TSR

box. Race Car SLDASM

Click Top view from the Heads-up View toolbar. | [|glear Selections

Measure the width of the
rear wing.
Click the front edge of the
rear wing.

Click the back edge of the
rear wing. 22mm is

Measure - Race Car #
L)

55~ e B- @ -

The two selected items are &
paralel.

displayed. 5 e
Measure the height of the I —

rear wing.

R|ght'C||Ck Clear Measure - Race Car %

Selections in the 8-l b @ -

Edge < 3= @R

Selections box.

Il Mormal Dist

CIle nght @ Vier | Normal Distance; 10mm ~

Distance: 10.20tmm
Dielta X 0.00mm

Click Hidden Lines Defta Y: 10.00mm =
Removed 3] from the L
Heads-up View toolbar.

Click the bottom edge of /
the rear wing as illustrated.

Click the top point of the
rear wing as illustrated. View the dimensions.

Close the The Measure - Race Car dialog box.
Click Shaded With Edges [@)].
Click Isometric view [@].

Save the model.
Click Save k| from the Menu bar toolbar.

Click Window, Close All from the Menu bar menu. All models are closed.

Apply the Measure tool 103
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Stress Analysis of the Axle

In this section, you will use COSMOSXpress
to quickly analyze the Axle-A part which is
used in the Race Car assembly. Performing an
analysis is very quick and easy to do. There
are only five steps required:

Optimize the part, (Optional).
. View the results.

After performing a first-pass analysis on the Ax 1e—A part and assessing its safety,
you will change the material and rerun the analysis.

1. Define material on the part.

2. Apply restraints.

3. Apply loads. B %)
COSMOSKpress COSMOSFowXpress DFMXp

4, Analyze the part. Analysis Wizard  Analysis Wizard  ress ...

5.

6

Design Analysis

After building your design in SolidWorks, you may need to answer questions like:

m  Will the part break?

m  How will it deform?

m  Can | use less material without affecting performance?

In the absence of analysis tools, expensive prototype-test design cycles take place
to ensure that the product’s performance meets customer expectations. Design
analysis makes it possible to perform design cycles quickly and inexpensively on
computer models instead of testing costly physical prototypes. Even when
manufacturing costs are not important considerations, design analysis provides
significant product quality benefits, enabling engineers to detect design problems
far sooner than the time it takes to build a prototype. Design analysis also
facilitates studies of many design options and aids in developing optimized
designs.

Stress Analysis

104

Stress analysis or static analysis is the most common design analysis test. It
predicts how the model deforms under loading. It calculates displacements,
strains, and stresses throughout the part based on material, restraints, and loads. A
material fails when the stress reaches a certain level. Different materials fail at
different stress levels. COSMOSXpress™ uses linear static analysis, based on the
Finite Element Method (FEM), to calculate stresses.

Stress Analysis of the Axle
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Linear static analysis makes the following assumptions to calculate stresses in the
part:

m Linearity Assumption. Means that the induced response is directly
proportional to the applied loads.

m Elasticity Assumption. Indicates that the part returns to its original shape if
the loads are removed.

m Static Assumption. Implies that loads are applied slowly and gradually until
they reach their full magnitudes.

User Interface

COSMOSXpress guides you through six steps to define material properties,
restraints, loads; to analyze the part; optimize the part; and to view your results.
The COSMOSXpress interface consists of the following components:

Welcome tab: Allows you to set the default units and to specify a folder for
saving the analysis results.

Material tab: Applies material properties to the part. The material can be assigned
from the material library or you can input the material properties.

Restraint tab: Apply restraints to faces of the part.
Load tab: Apply forces and pressures to faces of the part.

Analyze tab: You can select to analyze with the default settings or change the
settings.

Optimize tab: Optimize a model dimension based on a specified criterion.
Results tab: View analysis results in the following ways:

m  Show critical areas where the factor of safety is less than a specified value.

m Display the stress distribution in the model with or without annotation for the
maximum and minimum stress values.

m Display resultant displacement distribution in the model with or without
annotation for the maximum and minimum displacement values.

m  Show deformed shape of the model.

m  Generate an HTML report.

m  Generate eDrawings files for the analysis results.

Start Over button: Click this button to delete existing analysis data and results and
start a new analysis session.

User Interface 105
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Update button: Runs COSMOSXpress analysis if the restraints and loads are
resolved. Otherwise, it gives a message and you need to resolve the invalid
restraints or loads. The Update button appears if you change geometry after
applying loads or restraints. It also appears if you change material properties,
restraints, loads, or geometry after completing the analysis. Once any of these is
changed, exclamation marks appear on the Analyze and Results tabs. An
exclamation mark on the Restraint or Load tab indicates that a restraint or load
became invalid after a change in geometry.

Analyze the Axle-A Part

Browse to the downloaded
Analysis folder and open the
Axle-A part in this section.

Perform a stress analysis on the
Axle-A part.

The Axle-A part is a renamed
part of Axle that is used in the
Race Car Assembly.

106 Analyze the Axle-A Part
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Open the Axle-A Part
1 Open the Axle-A part.

Click Open from the | Leokin [©Ansysis 3o 2o
Menu Bar toolbar. —'%
. 'R, Car Block Fl
Select the folder in iviulton
which you downloaded | **™*
the Analysis folder.

Set Files of type: Part.
Double-click Axle-A.

The Axle-A part is o i v [Coeen |
displayed in the graphics ~Leszttee oot s v| [ concel ]
area.

2 Change the view orientation.
If the part is not displayed in an Isometric view,

click Isometric | @ | view from the Heads-up
View toolbar.

3 Review the material.
Right-click 2024 Alloy in the FeatureManager.

Click Edit Material. The physical material %tm\%‘wl z
properties are displayed in the Physical Properties % aeh
bOX (A Annotations
. i= e
B i . % Fror $= | Edit Materizl
The 2024 alloy material properties are used in the s [l .
COSMOSXpress analysis. foong S04
HEET | aloyshedl
4 Return to the FeatureManager. Materi o
Click OK | ¢ | from the Materials Editor et _
| Materials L
PropertyManager. =
| Appearance &

| Physical Properties A
Elastic Mod... 73000 MN/mm...
Poissons R... 0.33
Shear Mod... 28000 N/mm...
Thermal E...  2.3e-005
Density 0.0028 g/fm...
Thermal ... 140 W/m K
Specific Heat 800 Jkgk
Tensle Str.., 186,126 N/m...
Yield Stren... 758291 N/m...
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Running COSMOSXpress and Setting Analysis Options

Once the part is open in SolidWorks, you can launch the COSMOSXpress
application and start your analysis right away. On the Options dialog box, you can
set the default system of units and the destination folder for the analysis results.

Systems of Units

The following table lists the quantities used by COSMOSXpress and their units in
different systems of units:

Sl English (IPS) | Metric
Loads Force N (Newton) Ib (pound) Kof
Pressure N/m? psi (Ib/in?) Kgf/cm?
Material Ex: Elastic N/m?2 psi (Ib/in) Kgf/cm?
Properties modulus
NUXY: No units No units No units
Poisson’s
ratio
SIGYLD: N/m? psi (Ib/in?) Kgf/cm?
Yield
Strength
DENS: Mass | Kg/m3 Ib/in® Kg/em®
density
Results Equivalent N/m?2 psi (Ib/in) Kgf/cm?
Stress
Table 1: Systems of units used in COSMOSXpress
108 Running COSMOSXpress and Setting Analysis
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Running COSMOSXpress and Setting Analysis Options

Tip:

Running COSMOSXpress and Setting Analysis Options

1 Run COSMOSXpress.

Click Tools, COSMOSXpress “m' EICR
www. COSMOS"press com
from the Menu Bar menu' E’1\"ﬂ'|llmu' -i'.p::::nnl Restraint | Load | Anshyre | Opfimize | Results

The COSMOSXpress application
starts with the Welcome tab
selected.

Welcome to COSMOSxpress. This design anahyss wizand guides you siep-by-#ep 1o
determing how your designs wil perborm under cerlam conddans, il can help you
answer lugh engineenng queshons ke

Will the part break?
g wll il dedom?
Can | wse bess matenial wihoul siechng percrmance’
This is & tool to provide siress analysis early in the design oycle io caich potential
problems befone exiensive woek has been done. Mast analysis problems will require a
comprehensive analysis product ior more accuats and complete real world simulatons
bafore final sign-ofi on & design.

| _tew | [ cose | [ concet | [ Hew

You can quickly run
COSMOSXpress by clicking
COSMOSXpress Analysis Wizard from

the Evaluate tab in the CommandManager.

Set System units.
Click the Options button from
the Welcome screen.

Set System of units to Sl,
(MMGS).

Set the Results location to the
Analysis folder.

Click Next>.

COSMOSXpress
55§ COSMOSXpress

@ Walcoma | & Molenal | Festraint | Load | Analyze | Optmize | Fesults

£5 )
COSMOSKpress COSMOSFowXpress DFMXp
Analysis Wizard  Analysis Wizard ress ...

www COBMOSgress com

Opaons
Sysiem of units gl »
Fetults locasan [0\ Riace Car Disign Project Solidworks Files\an | [

] Sherw annctation for mesimurm and mirsmum n Se resull plots

<Bock | [ New | [ ciose | [ cencel | [ Hew |
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Assigning Material

The response of the part depends on [ s
the material it is made of. e
COSMOSXpress must know the o —

elastic properties of the material of _

your part. You can pick a material e e e

from the SolidWorks material library N i charge i ot %

or define your own material £ =
properties. COSMOSXpress uses the _

following material properties to w0 ) Lo ) Lo ] Lomn | (e )

perform stress analysis.

Elastic Modulus (EX). For a linear elastic material, the elastic modulus is the
stress required to cause a unit strain in the material. In other words, stress divided
by the associated strain. The modulus of elasticity was first introduced by Young
and is often called the Young’s Modulus.

Poisson’s Ratio (NUXY). Extension of the material in the longitudinal direction
is accompanied by shrinking in the lateral directions. For example, if a body is
subjected to a tensile stress in the X-direction, then Poisson’s Ratio NUXY is
defined as the ratio of lateral strain in the Y-direction divided by the longitudinal
strain in the X-direction. Poisson’s ratios are dimensionless quantities. If not
defined, the program assumes a default value of 0.

Yield Strength (SIGYLD). COSMOSXpress uses this material property to
calculate the factor of safety distribution. COSMOSXpress assumes that the
material starts yielding when the equivalent (von Mises) stress reaches this value.
Mass Density (DENS). The density is mass per unit volume. Density units are 1b/

in%in the English system, and kg/m3 in the Sl system. COSMOSXpress uses the
mass density to include mass properties of the part in the report file.
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Viewing the Material of the Bent Bar Size

1 View the Material tab.
View the material: 2024 Alloy. comaiornn

i COSMOSKpress v COSMUIEprees o
. .  Walcoma | @ Matedial | Feraint | Load | Anabyre | Optimize | Flesulls
A check mark is displayed on the
. Cumentmoterial 2024 Alluy
Welcome tab, and the Material tab. :
T changs the matansl of the par &0 Allay Al
selact from the list and chick the Apply 145 Aoy
bumsn 1350 Allery
2004 Alkery
Mot thatis change wil get refected 2018
inthe SolidWerks pen document @
0TSy 1=
| mack | [ nea | [ coeo | [ conced | [ hoip |
vid
@ K
‘Mﬂterials 3
‘Appearance ¥
;h;ic_al Propertl.:es A

Elastic Mod... 73000 N/mm...
Poissons R... 0.33

Shear Mod... 28000 M/mm..
Thermal E...  2.3e-005
Density 0.0028 g/m...
Thermal C... 140 WimK
Specific Heat 800 Jkg K
Tensle Str...  186.126 N/m...
Yield Stren...  75.8291 M/m...

Applying Restraints _

. . . COSMOSXpress g|g‘g‘
A part that is not restrained will i COSMOSKpress e m——
travel indefinitely in the direction [@ Welcome [ weteria] Resvaint [Lana_| Anelyse | optmise] Fesuts]
of the applied load as a rigid

. . W will now collect information on where Axle~4 is fixed. You can specify multiple

body. In the Restralnt Sectlon’ sets of Restraints. Each set can have multiple faces
you define how the Axle-A part . .
is fastened in the analysis. The I g
restrained faces are fixed in
space. You must restrain one face
of the part to prevent the analysis (Cemok | [ tiom || [_ooss | [ concel | [ Hel ]
program from stopping, due to
instability caused by rigid body
motion.

Click Mextta cantinue

Applying Restraints 111
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Applying a Restraint

1

Note:

Note:

112

Apply arestraint.

Click Next>. The Restraint tab is
activated. The Restraint section collects
information on where the Axle-A part is
fixed. You can specify multiple sets of
restraints. Each set can have multiple
faces.

Name the restraint.
Click Next>.

Delete the Restraint1 text.
Enter Fix Axle-A at the ends.

It is recommended that you use
meaningful names for the restraints.

Select the restrained faces.
Click the outside right face of the Axle-
A part.

Click the outside left face of the Axle-A
part as illustrated.

Face <1> and Face<2> are displayed in
the selection box.

Click Next>.
To add a new restraint set, click Add. To

edit or delete an existing set, perform the
proper functions in the box.

SolidWorks

Engineering Design and Technology Series

COSMOSXpress

| COSMOSpress

2 Welcome | @ Materisl| Flestraint | Lead | Analyze | Optinize | Redubs

www COISMOSXpRes. com

W will now COTREtintormation on whare Auo-A is ixed, You can specy muliple
sets of Resraints, Each set can have muliple faces.

Cligk Mo 1 continue

| mack | [ e | [ cose | [ concs || Hep |

COSMOSKpress

Ei COIMOSKpress i COSMOSHpress com

@ Weicome | & Maanal | Restinl |Lasd | Anshvra | Optreiza | Fasums

Ermar & name for the meTaim spt

Frx Auderds ol Bos nclic

Snlect one ar mom ieces to be resvaind forhis sot

[=] Shews myrein

eck | | non || ciess || .'.a'm_l [ e |

COSMOSXpress

i COSMOSKpress

& Walcoma | @ Mamweinl | Rearain Load | Asalrs | Optimizs | Fesults

wwew COSMOENprEes com

Ertos & nama for e spstnt sot
Fre Aslied al the ends

Salnct ane ormors 4aces10 ba restranad for this soe
Facet!s
[FacaeDs

[] Sharwe mymbal

| mack | [ nea | [ coeo | [ cencet | [ haip |
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Applying a Load

COSMOSXpress

Usin_g the Load tab, you can B C0SHOSKpress R —
specify the loads acting on the @ Walcoma | @ atena] @ Restei | Load_| Anaiyss | Optmize | Resuta]
part. A load can either be a force
Toadd a new restraint set, click Add. To editor delete an existing set, select it

Or a pressure' from the list and click Edit or Delete
You can apply multiple loads to a e
single face or to multiple faces.
The direction of a force can be ’
specified with respect to planes

[ ok | [ new | [ close | [ concel | [ Help |

or normal to selected faces. The

pressure is always applied — IO

normal to selected faces. %51 COSMOSKpress e

| @ Welcome | & Material | & Restraint| Load | Analyze | Optimize | Results

“We now collect information on loads acting on Axle-A. You can specify multiple
sets of Forces and Pressures. Each setcan have multiple faces.

I 4

[ <gack | [TNe | [ clse | [ Cancel | [ He |

Click Mext to continue
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Applying a Load

114

1

Apply aload.

Click Next>. Collect information on loads
acting on the Axle-A part. You can specify
multiple sets of forces or pressures. Each
set can have multiple faces.

Click Next>.

Select a load type.
Select Force.

Click Next>.

Enter a name for the force.
Delete the Load1 text.

Enter 1N for load text.

Select the face to which the force is
applied.

Click the cylindrical face of the Axle-A part as

illustrated.

Face <1> is displayed in the selection box.
Click Next>,

Specify the direction and magnitude of

the force.
Check Normal to a reference plane.

Click Top Plane from the FeatureManager.

Check the flip direction box. The force
arrows point downwards.

Click Next>.

Analyze the results.
Click Next>.

The Analyze tab opens.

SolidWorks

Engineering Design and Technology Series

Fressur
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Running the Analysis
The Analyze tab allows you to _
run the analysis. ‘°’ EOX
ress i COBMOEXpress.com

COSMOSXpress prepares the : i

. @ \Welcome | & Material | @ Pestraint| @ Load | Analyze | Optimize | Resulis
model for analysis and then '
CaICUIateS displacementsy Strai nSy ‘e now hawe enough information to runthe analysis of Ade-A Do youwant to
and Stresses analyze itwith the default settings?

The first phase in the analysis is @z fecommended)

meshing. Meshing is basically Clhbilimnrienaeliasaibs

splitting the geometry into small,

simple-shaped pieces called [ @eek J [ tow ][ ciose | [ cencel | [ tom ]

finite elements.

Design analysis uses finite elements to
calculate the model’s response to the 5
applied loads and restraints. Nodes§.
COSMOSXpress estimates a default :
element size for the model based on its
volume, surface area, and other geometric
details. You can instruct COSMOSXpress
to use the default element size or you can
use a different element size.

After meshing the model successfully, the ' A 3D Element:
second phase starts automatically. ' '
COSMOSXpress formulates the equations

governing the behavior of each element taking into consideration its connectivity
to other elements. These equations relate the displacements to known material
properties, restraints, and loads. The program then organizes the equations into a
large set of simultaneous algebraic equations. The solver finds the displacements
in the X, Y, and Z directions at each node.

Using the displacements, the program calculates the strains in various directions.
Finally, the program uses mathematical expressions to calculate stresses.

Running the Analysis 115
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Running the Analysis

116

1 Usethe default settings.
Check Yes (recommended).

Click Next>.

2 Run the analysis.
Click Run.

The analysis starts. When the analysis
is complete, a check mark is displayed

on the Analyze tab and the Results tab.

SolidWorks

Engineering Design and Technology Series

COSMOSKpress ,r__": =] R’
T4 COSMOSKpress v COBMOSpress com

@ Walcoma | @ Matenal | @ Flestrain | @ Load | Analere | Optimize | Pasubs

‘Wie rerw e enaugh infammatian to run thie snahses of A=A Do you wert o
anabyze itwith the dofaul setings?

(@)F¥es frecommended)

(T Mo, I'waet 1o change e satings

L@k Ji[ tiem | [ cou | [ comcsd [ v |

COSMOSXpress
i COSMOSKpress v COSMOSKpress e

# Walcoms | 9 Mateeinl | & Flesrain | & Load | Anake | Optimics | Rasults

Caick Run 1o pariam analysis. This procass may take & few minutes

<Back | N%u | coomm Canced H4alp

COSMOSXpress

551 COSMOSKpress R —

@ Welcome | @ Malenal | @ Restraint| @ Load | Anelyne | Dptntize | Resuls

Chick Fun 1o poramm anahysis. This peociecs meay bk & low minses.

2

COSMOSXpress

i COSMOSKpress v COSMIISprees o

& Walcoma | @ Mamsenl | @ Fesmaird | & Load | @ Anabre | Optmics | & Resutts

Congranilntions. Tha analysis is complate

Hnzad on the spacitied parmmetars, the lowast inctor of salety (FOS)
Bound i your dasign is 53 5054

Show me cricel areas of i model wheee FOS i balow 1

Shewme |

Clck Mot 10 Arther msicw the msuss or click Cose 1o e the Vizand

[Lmes | [ new | [ cose | [ concet [ 1w |

Running the Analysis
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Viewing Results T— CEoX
Viewing results is an essential step | = cosuosipress s
. . . . @ WWelcome | @ Material | @ Restraint | @ Load | @ Analyze | Optimize | @ Results
in the analysis process. This is the _
Step in Which you evaluate hOW Congratulations. The analysis is complets
good your design iS at Withstanding iln?j;cil:;;nf:s:lglrl'l?sd%a!;grsn:lers the lowest factor of safety (FOS)
the SpeCified Working Conditions' Show me critical areas ofthe model where FOS is below: 1
This step should lead you to make
important decisions about whether Cliek Next o furher review the resuls or dlick Clase tn exitthe Wizard
to accept the design and move to
) [ ®ack | [ New | [ Chse | [ Concel | [ Hel |
prototyping, make further

improvements on the design, or try
additional sets of loads and restraints.

The first screen of the Results tab lists the lowest factor of safety (FOS) of the
model under the specified load and restraint.

COSMOSXpress uses the maximum von Mises stress criterion to calculate the
factors of safety. This criterion states that a ductile material starts to yield when
the equivalent stress (von Mises stress) reaches the yield strength of the material.
The yield strength (SIGYLD) is defined as a material property. COSMOSXpress
calculates the factor of safety (FOS) at a point by dividing the yield strength by
the equivalent stress at that point.

Interpretation of factor of safety values:

m A factor of safety less than 1.0 at a location indicates that the material at that
location has yielded and that the design is not safe.

m A factor of safety of 1.0 at a location indicates that the material at that location
has just started to yield.

m A factor of safety greater than 1.0 at a location indicates that the material at
that location has not yielded.

m The material at a location will start to yield if you apply new loads equal to
the current loads multiplied by the resulting factor of safety.
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Viewing the Results

1 View the results.

The factor of safety of the Axle-A COSHOSKpress EOX

H H COSMOSX) v COSMOSpress com
part IS approx'mately 53.99. ?ﬂ-‘ei;u-r-r 'J-ﬂ:::ucl @ Restreon! | & Lood | © Analyre ljl.:r-m“: Resuks
This indicated that the current design

iS Safe Or OVE r'des i g ned . Dased on the specified parameters. the lowest factor of safety (FO5)

found in your design is 535854

2 Mod ify the factor of s afety_ Show me crivcal areas of the model where FOS s below (10
Enter 10 in the Show me critical [(Showme ] R
areas Of the mod el Whe re FOS iS Chck Mo b furthgr renagrw S regulls or chok Cloge 1o el the Wizand.

beIOW bOX <Back | Hext» | [ Close Cancel | | Help |

Click the Show me button.

Model name: Axle-A

The fO”OWing plOt is Study name: COSMOSKpressStudy
. . . Plot type: Design Check Plotd
dISp|ay6d. Reglons in blue Criterian : Max van Mises Stress

have factors of safety greater | [Red< FOS=10 <Blue
than 10 (over-designed
regions).

Regions in red have factors
of safety less than 10. All
areas are displayed in blue.
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Optimizing the model

The Optimize tab allows you to
perform an optimization analysis
after completing the stress
analysis on the Analyze tab. The
software tries to find the optimal
value for one model dimension
while satisfying a specified
criterion:

m Factor of Safety
m  Maximum Stress
m  Maximum displacement

You can either input your desired
Factor of Safety or allow the
COSMOSXpress to calculate
factor of Safety based on the
upper and lower limits. Do not
perform the Optimization
process at this time.

Optimizing the model

Lesson 5: Analysis

COSMOSXpress Lo

T COSMOSKpress s COSMOS¥prass com

@ Welcome | @ Material | @ Restraint | @ Load | @ Analyze | Optimize [@ Resuits|

Do youwant to oplimize this design®?

I <Back ] [ Mest> ‘ I Close ] l Cancel ] I Help ]
COSMOSXpress E‘D‘z‘

%5{ COSMOSXpress

@ Welcome | @ Material | @ Restraint| @ Load | @ Analyze | Optimize | @ Regults

i COSMOSKpress.com

Selectons ofthe following criteria for the optimized part and then click Next. <>
shaws the currentvalue

@¥Factor of Safety (FOS] > I <53885>
() Masimum Strass < | Nim2 <1.4052+006>
(O Mesdmum displacement ¢ | mm 11452003
[ «Back | [ New | [ Close | [ Cancel | [ Heln |
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Stresses

When loads are applied to a
body, the body tries to absorb its
effects by developing internal
forces that, in general, vary from
one point to another. The
intensity of these internal forces
is called stress. The unit of stress
is force per unit area.

SolidWorks

Engineering Design and Technology Series

55§ COSMoSKpress

@ Welcome | @ Material | @ Pestraint | @ Load | @ Analyzs | Optimize | @ Results

. COSMOSxpress.com

Selectone ofthe following result types and then click Next

() Show me the displacement distribution in the model
() Show me the deformed shape of the madel
(O) Generate an HTML report

() Generate eDrawings of the analysis results

<Back gexb [ cose | [ Cancal | [ Hel |

In COSMOSXpress you can
view a stress guantity called the

equivalent (or von Mises) stress. While the equivalent stress at a point does not
uniquely define the state of stress at that point, it provides adequate information to
assess the safety of the design for many ductile materials.

The equivalent stress has no direction.

It is fully defined by magnitude with stress

units (i.e., force/area). COSMOSXpress uses the von Mises Yield Criterion to
calculate the factors of safety at different points of the model.

Stress Distribution

1 View the Stress distribution of the
part.
Click Next>.

Click the No box. Do not perform the
optimization process at this time.

Click Next>.

Check the Show me the stress
distribution in the model box.

Click Next>.
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COSMOSKpress EOX
i COSMOSKpress wor COSMIISprees o

& Walcoms | @ Mateanl | & Fesraint | & Load | @ Anabre | Optimice | & Resutts

Do you went 1o apsmize this design?

ack | | Mews coce | | Cancel | [ Heip |

COSMOSXpress

T4 COSMOSKpress

2 Welcoms | @ Matensl | @ Resvaint| @ Load | @ Analze | Optimize | ® Resulls

www OIS ML piees com

Select one ol the ioflowing resull yes and Eren dick Hext

() %how ma the detcrmed shapa of tha madel

Generale en HTML repedt

) Ganerate eDrawings of the: anshysis resubs

concel | [ Hoip |

Back | | pen || cose |
! J L |

Stresses
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2 View the stresses.

i i Model name: Axle-A
The stress pIOt 1S dlsplayed Study name: COSMOSkpressStudy

in the graphics area. Plat type: Static nodal stress Plot1
Defarmation scale: 4367.74

Animating the Stress Plot
van Mizes (N/m*2)

Start the animation.

1.405e+006

Click PIay. 128804005

L 1.171e+106

_ 1.054e+106

Stop the animation.
Click Stop.
Save the animation.

Click Save. The Save As
dialog box opens.

_ 9.366e+005
. 8.196e+005
| 7 026e+105
| 5.856e+105
| 4 BBGe+I05
. 3.516e+I05

2.347e+005

Click Save from the Save

As dialog box to accept the
file type and name for the

animation file.

177e+005
6.578e+002

— Yield strength: 7 563e+007

Note: COSMOSXpress saves the animation file in the folder specified in the Options
dialog box unless you change this folder when you save the animation in the
previous step.

Save the Analysis Data and Close

COSMOSXpress _ — EoK
press i COSHOSpress com
1 Close COSMOSXpreSS- 2 Welcome | @ Materisl | @ Restaint | 2 Load | @ Analyza | Optimize | @ Recults
Click Close.

Chick on one of the following buttons %o play. stop or save the animation.

=] = L

[C<Back | [ nes | | Glose Concal | | Help

Save the Analysis Data and Close COSMOSXpress 121
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2 Save the analysis data.

C“Ck YeS. COSMOSXpress
CI[Ck Yes on the message W|ndOW A!B Do you want to save COSMOSKpress data?
Modify the Axle-A Material L JLto JI_cops |

COSMOSXpress provides the ability to
ask the question, can you reduce the
Axle-A material thickness without
affecting performance or even modify the
material?

Modify the material from 2014 Alloy to
AISI 304. Rerun the analysis and
compare the results.

1 Modify the material in the

FeatureManager. ® [Tl 2
Right-click 2024 Alloy in the FeatureManager. T
. R R (4] Annotations
Click Edit Material. The Materials Editor ng iaui
PropertyManager is displayed. e
@ R 2024 Alloy
Expand Steel. Lo eoslaloy

BIREx ooy ong

Click AISI 304.

Click OK [ ¢ | from the Materials Editor il
Materials A
P rope rtyM an ager' Solidworks Materials b .
B Steel ~

Aﬁl 1020

2 Run COSMOXpress.
Click Tools, COSMOSXpress
from the Menu Bar menu.
Exclamation marks are displayed

5 COSMOSXpress waw COEMOEXpress com

@ Welcome | @ Material | @ Restraint| @ Load | @ Analyze | Optimize | @ Fesults |

on the Analyze and Results tabs SE\EﬁanEUHhE(DHDngvesu\ttypes and then click Next
- - (®) Show me the stress distribution in the model

to Indlcate that yOU need tO () Show me the displacement distribution in the model

reanalyze the model and that () Show me the deformed shape of the mods

() Generate an HTML report

existing results do not belong to
the current model geometry. An
Update button is displayed at the
lower left corner of the
COSMOSXpress window.

() Generats s0rawings ofthe analysis results

{Upda{a] l <Back ] { INext> ] l Cloze ] { Cancel ] l Help ]
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3 Update the analysis.
Click Update. cosMOSXpress =]

. 5§ COSMDSKpress i COSMOSpress cam
The anaIySIS Starts' When the @ Welcome | @ Maberinl | @ Restaint| @ Load | @ Analyze | Optimize | @ Pesuls
analysis is complete, the Results tab , =
Congretulobons. The analyss is complete
opens and the Factor of Safety for the R R e

found in your design is 146 508

modified model is now _ - .
r Xim I 14 ] 1. Shirw i cxitical anses of thiy model where FOS i below 10
approximately 146.5 )

Click Next>.

Click Mend to further review the resuls or ciick Closs 1o it the Wizard

oo (e )/ cime J (o ] e |

Run the Optimization process

1 Run Optimization. ST et
CheCk the Yes bOX # Welcome | © Molenal | @ Restrain| @ Lood | @ Analyze | Optimize | & Fesults

Click Next>.
Enter 54 as illustrated.

COSMOSXpress

Do youwant io optmate this design?

Remember, 53.99 was calculated fé

using 2014 Alloy.

Click Next>. (oo | [ e | [ cose | [concet | [ Hew |

COSMOSXprass EEX
B4 COSMOSKpross o COSMOSpross com

& Welcome | © Malenal | © Restronl @ Load | & Anabyze | Optimize | Results

Select one of he following ceedia for the ophimized par and than cick Nesxt €3
shows the curnent valug

(@) Factor of Satety (FOS)  » L <146.508>
: b
) Menamum Stress € Nim™2 €1 412e+D06»
() Mendnum desplacamant < mem ¢4 408004
[ Back | [ tewo | [ cose | [ concel | [ Hew |

Ty Ale-A
(A Annotations
3= AIs1 304

% Front Plane

% Top Flane

% Right Flane

- Origin
R
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Click the 3 diameter in the graphics
area. D1@Sketchl@Axle-A Part is

displayed. /’\%
Click Next>. 4

Click the Optimize button. This
may take a few minutes.

Note: In Lesson 2 the mass of the Axle
with 2014 Alloy was .9898 grams.
The diameter was 3.00mm.

The Optimized design with the w ,
Axle using AISI 304 material has a Sl xm S —— it
2.48mm diameter or 31.5% less

material with a Safety Factor of 54. e sl

R O @ Skeich] @Axde-A Part
Click Close. .
Click No. Lower Boun 5 e

Uippes Bound: 45 | mm
2 View the new diameter of the
model. | Bock | [ Mew | [ clase | | cancel | [ o |
Double-click Extrudel from the COSMOsXpress Al
FeatureManager to view the new N Snn 1) i s
diameter © Welcome | & Matensl | © Flestiaint| @ Load | @ Anohre @ Optimize | @ Results

Optimization camplete] New design wisghs 31,46% less than the iniial designd

3 Close all models.

Click Window, Close All from the T T | |L| [=]
Menu bar menu. You are finished V' Fnagesgnomiaig ((Se )
with this section. Chcknastiosion sachydesetsh o e schie dosge

[ <Back | [ Mew | [ close | [ concet | [ Hew |
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COSMOSFlowXpress

. . . B2 Draft Analysis B = A
In thlS SeCtlon, yOU will use {7 Undercut Detection COSMOSXpress COSMOSF_IOL'JX[JI’ESS DFMXp.
COSMOSFIOWXpI‘eSS to quCkIy Analysis Wizard . Analysis Wizard % ress ..
analyze the Race Car Block part SBE-0 00 B-B- -
which is used in the Race Car COSMOSFlowxpress Analysis Wizard
Runs the COSMOSFokpress analysis
Assembly. wizard,

COSMOSFIloXpress is a fluid

dynamics application that calculates how fluid, (air or water) flows through a part
or assembly model. Based on the calculated velocity field, you can find problem
areas in your design and improve them before you manufacture any parts. This
section simulates a Wind Tunnel for the Race Car Block.

Performing the COSMOSFlowXpress analysis is quick and easy. There are seven
steps in the COSMOSFlowXpress Wizard:

Welcome

Geometry Check

Fluid Types: Water or Air
Flow Inlet Conditions
Flow Outlet Conditions
Solve the model

View the results

NogakrowdPE

Let’s review the seven steps and the PropertyManagers.

COSMOSFlowXpress 125
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Welcome PropertyManager

To perform an analysis, you must make sure that the
model is enclosed in a container. The Race Car Block-
Flow model that you will open is displayed in a closed
container. This is to simulate a closed environment such
as a Wind Tunnel.

The Welcome PropertyManager provides a general

overview of the required conditions. Click the Next
buttons to move forward or backward in
COSMOSFlowXpress.

Check Model Geometry PropertyManager

Note:

COSMOSFIloXpress can calculate fluid flow in a single
internal cavity of the model. The software checks the
geometry and warns you if this requirement is not met.

The Message box informs you that the geometry in the
model is OK.

If the geometry is valid, set the PropertyManager
options and click the Next button.

If the geometry is not valid, exit COSMOSFloXpress,
and address the geometry. Return to rerun the analysis.

Enclose the inlet and outlet openings with a solid
feature such as an extruded feature. This will be
displayed when you open the Race Car Block-Flow
model.

Fluid PropertyManager

126

Specify the fluid flowing around the model. You cannot
use different fluids simultaneously. The two fluids for
COSMOSFIloXpress are Water and Air.

In this exercise use Air to simulate a Wind Tunnel
simulation for the Race Car.

¥ R &
Message A
Welcome to

COSMOSFloxpress, IE gives
yoLl an insight into how a fiuid
will flowr through your model,
COSMOSFlaXpress can
anahyze the flow in a single
internal cavity with ane inlet
and one outlet openings. The
openings must be closed with
lidz.

Please make sure that
Cpenings are completely
closed with lids.

Lo not base your decisions
solely on the results from
COSMOSFloXpress, Use this
infor mation in corjuncton
with experimental data and
practical experience. Field
testing is mandatory to
validate your final design,
COSMOSFloxpress helps you
reduce your ime to market
by reducing but not
eliminating field tests,

Check Geometry  ?
¢ % @ R
Message R

The geomelry is QK. Click
wigw fluid volume to display
the filid wolume of yaur
model.

»

| Fluid Volume

i@\ Wiew fiuid volume

==
17|

¥ R Qe
| Message: A

In this step select the fluid
flowring thirough your model,

e

() wwater

(&Alr

»

COSMOSFlowXpress
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Flow Inlet PropertyManager.

Note:

Note:

The Flow Inlet PropertyManager provides the ability to
select the Inlet conditions for the simulation. The
available Inlet conditions are: Pressure, Volume
flow rate, Mass flow rate, Inlet Boundary
face, and Temperature.

Select the Inlet Boundary face from the model.
COSMOSFloXpress remembers the initial selection in
later calculations. Arrows from the face indicate the
flow direction.

In this exercise, the Race Car Block-Flow model has the
Volume flow rate box check. The input value is
1.34m"3/s.

1.344m"3/s is approximately 100miles/hr. 100miles.hr.
* 44704 = 44.7m/s * .03m"2 = 1.34m"3/s.

Lesson 5: Analysis

: Flow Inlef
@ R

leiaiiiiic

| =

In this step vou assign flow
condiion at model's inlet.

|

Inlet

i@ | Pressure

[E8) volume fiow rate

| Mass fiow rate

Q 1.34m™3/s

4r 4

T [m3zk

The Temperature box sets the temperature of the incoming fluid. Temperature

may affect the fluid properties.

Flow Outlet PropertyManager

Note:

You must select a face to which to apply the outlet
boundary conditions and parameters.

The selected face must touch the fluid, you can select
only one face for the outlet and inlet conditions, and you
must select the Pressure option for either the inlet or
outlet condition. The Pressure options is selected in this
exercise.

The selected face, Face<2> is displayed.

COSMOSFlowXpress

Flow Outlet 7 |
W R @ e
{Message A

In this step you assign flow
condiion at model's outlet,

»

Outlet
[@l PressUire

e volume flow rate

@ Face<Z=

P 101325 Pa =
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Solve PropertyManager

Note:

To run the analysis to calculate the flow velocity click
Solve. Depending on your system, this may take a
minute or two.

During the analysis, you can click the Suspend or the
Stop buttons. The Solve PropertyManager remains
open.

View Results PropertyManagers

128

When the analysis is complete, the View Results
PropertyManager opens automatically.

When COSMOSFloXpress completes the analysis, you
can examine flow trajectories which are the flow lines
between the inlet and outlet openings. Trajectories are
tangent to the flow velocity at every point.

Set the PropertyManager options.

Starts the velocity plot animation. Select Pipes or Balls
under Plot Settings. In this exercise, Pipes is selected.

The Snap image option saves a snapshot of the flow
trajectories as a JPEG image. The images are
automatically saved in a folder named fxp1l located in
the same folder as the model.

SolidWorks

Engineering Design and Technology Series

vx @6

| 2

Message

In this step you solve the
model.

o %K

» [

| Message.
In this step you solve the
maodel.

»

Solve

‘|§\ (w] (@]

»

| Learn More about
| COSMOSFloworks

Consumer goods -
Dishwasher

Message a
In this step you ook at
resuitant velocity trajectaries.

velodityPlot &
=8 Tralectories (] @

i..éjot éei:ﬁngs &

() Inlet

() Outlet
o J 50
=) piees

!fo§| Balls

|2

Report
[B] snapimage
[BA] Senerate report

COSMOSFlowXpress
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The Report option creates a Microsoft Word report that contains all the project
information, the maximum flow velocity values, and any snapped images. Save
the report to the desired location. The parameters, referred to as Goals, appear as
values averaged or mass-averaged over the fluid volume or over an inlet or outlet

surface.

Stops the animation so you can change the Plot Settings to view a different

animation.

Note: Inlet and Outlet. Presents how the flow moves inside the part as viewed from the

inlet or outlet perspective.

1 Open the Race Car
Block-F part.

Click Open [ & [from the
Menu Bar toolbar.

Select the folder in
which you downloaded
the Analysis folder.

Set Files of type: Part.

Double-click Race Car
Block Flow. The Race
Car Block Flow part is
displayed in the graphics
area. View the
FeatureManager.

2 Change the view
orientation.
If the part is not
displayed in an Isometric
view, click Isometric

view from the

Heads-up View toolbar.

COSMOSFlowXpress

:Race Car Block Flow
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1

Note:

Note:

130

Start a Session of
COSMOSFlowXpress.

Click the Evaluate tab from the
CommandManager.

Click COSMOSFlowXpress
Analysis Wizard. The Solve
PropertyManager is
displayed.

Click the Solve Button.
View the direction arrows for
the Inlet and Outlet
conditions.

Explore the model
parameters by using the Next

buttons and view the
input parameters in the
PropertyManagers.

Click OK | # [to close

COSMOSFloXpress and
save the results.

Click Window, Close All
from the Menu bar menu.
You are finished with this
section.

A complete flow analysis to
determine drag coefficiant is
available from the
SolidWorks Education
Edition flow analysis and
simulation tools.

SolidWorks
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Draft Analysis

) B
£ Undercut Detection | COSMQSXpress
Analysis Wizard

&

COSMOSHowXpress
Analysis Wizard [

(%]

DFMXp
TESS ...

PR @6 - B

COSMOSFlowXpress Analysis Wizard
Runs the COSMOSFloXpress analysis

wizard.

& R

@ ¢

maodel,

In this step you solve the

 Solve:

—1 >k

COSMOSFlowXpress
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More to Explore

The SolidWorks Education Edition contains hundreds of tutorials and projects
relating to engineering design and analysis. Curriculum that explores relavent
examples of science, mathematics, and engineering is provided to instructors and
their students.

More to Explore 131
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