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Lesson 1
Introduction

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

Understand how to use this book for the F'/ in Schools™ Design Project for
R-Type cars

Start a SolidWorks 2011 session

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

Add the folder Race Car Design Project 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 and apply the SolidWorks SimulationXpress and SolidWorks Flow
Simulation analysis tools.

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

Ability to create a SolidWorks session

Understanding of the SolidWorks user interface and toolbars

Aptitude to open parts and create a 3D Race Car assembly

Create a detailed multi-sheet, multi-view drawing of the Race Car assembly
Apply the Measure and Mass tool

Apply PhotoWorks

Apply Analysis tools: SolidWorks SimulationXpress and SolidWorks Flow
Simulation

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, 3D
assemblies, and 2D drawings using the easy to learn Windows® graphical user
interface.

SolidWorks is used by students, designers, engineers and other professionals
around the world to produce simple and complex parts, assemblies, and drawings.

Prerequisites — ¥ le0 -8 05

Before you begin the F'1 in Schools™ 2| SolidWorks Help
Design Project you should review and — R
complete the following SolidWorks itouj::ii'u;:wlum
Tutorials that are integrated in the Instructors Curriculum
SolidWorks software under the Getting APIHelp Topics
Starting folder: o Rl

Quick Tips

Moving from 2D to 3D

[#]]| use SolidWorks Web Help

2 Using This Book
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m Lesson 1 - Parts
m Lesson 2 - Assemblies
m Lesson 3 - Drawings

SolidWorks Tutorials

NERGERAN |

Show Back Home  Print

Click Help, Student Curriculum to
access the Race Car Design Project

Vorks Tutorials

folder. These tutarialz present SolidWorks functionality
. in an example-hased learning format. Read the
Note: Instructors - Click Help, Conventions information.
Instructors Currlculum tO access Ifyou are new ta the SolidWorks software,
the Educator Resources. familiarize yourself with the tutorials in Getting

Started first. All other tutorials can be
campleted in any arder.

As an alternative, you can complete
the following lessons from An
Introduction to Engineering Design

With SolidWorks:

Tutorials by Category

Gettinyg Started Special Types of Models

m  Lesson 1: Using the Interface Building Models |P1oduCty
. . . nhancements

m  Lesson 2: Basic Functionality [workngwen | __ : e
esign na_ 15

m  Lesson 3: The 40-Minute Models

Runnlng Start All SolidWorks Tutorials (Set 1)

] Lesson 4 . ASSCmbly BaSICS All SolidWorks Tutorials (Set 2) y
) . . What's New Tutorial

m Lesson 5: Drawing Basics bkl

&2 SolidWorks Tutorials

E e 6 &

Show Back Home Print

Introduction to SolidWorks

AutoCAD and SolidWorks

Lesson 1 - Parts

Lesson 2 - Assemblies

Lesson 3 - Drawings

Prerequisites 3
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Conventions Used in This Book

SolidWorks
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This manual uses the following typographical conventions:

Convention Meaning

Bold Sans Serif | SolidWorks commands and options that you select, appear
in this style. Example 1: Extruded Boss/Base means
click the Extruded Boss/Base tool from the Features
toolbar. Example 2: View, Origins means click View,
Origns from the Menu bar menu.

Typewriter Files and Folder names appear in this style. Example 1:
Race Car Design Project. Example 2: Sketchl.

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

Before You Begin

Copy and un-zip the Race Car Design Project folder from the SolidWorks

website onto your computer before you start this project.

1 Start a SolidWorks session.

Click All Programs, SolidWorks, SolidWorks from the Windows Start menu.

The SolidWorks application is displayed.

Note: Ifyou created the SolidWorks icon on your desktop, click the icon to

start a SolidWorks session.

2 Copy the Race Car Design Project folder.
Click the SolidWorks Resources [@! | tab
from the Task Pane.

Click the Student Curriculum folder
as illustrated.

I

EIEEACIEEES

SolidWorks Resources E=
Getting Started ~
L'I New Document
|,_.§’ Open a Document
il Student Curriculum

'\’3 Instructors—Curriculum

ﬂ Tutorials
B Whats New

.i/' General Information

Conventions Used in This Book
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Note:

Expand the SolidWorks
Educator Curriculum
folder.

Double-click the needed
Curriculum folder. View the
available folders.

At the time of writing, the
Curriculum 2011 folder was
not available.

Double-click the F1-in
Schools Race Car Design
Project folder.

Ctrl-click the F1-inSchools
Race Car Design Project
folder as illustrated to download
the text and SolidWorks model
files (Initial and Final).

Before You Begin

Lesson 1: Introduction

[&lnlﬁlﬁl@l&%

Design Library B

I I I

E}ﬁ Design Library

? Toolbox

0 3D ContentCentral

@ SolidWaorks Content

.\ Blocks

Robotics

I Routing

ﬁ&@ SolidWorks Educator Curriculum
7 Curriculum 2009

22 Curriculum 2010

2 Weldments

2010_FlinSchoolsDesignProjectzip

Fl1-in-Schools Race Car Design
Project

CTRL + click to download zip file

Curriculum  Curriculum
2010 2009
SolidWorks Bridge CO2 Car
Tutorials ... Desi... Desig...
Drawing and  Educator  Simulation
Detailing Curriculu...  Student ...
SLeel G SAE Car  Sustainability
s Race Car Project Project
Design : ;
Project J ‘J
Mountain Robotics Hands On
Board Desi...  Projects Test Drives
SolidWorks  Trebuchet
Student ... Design ...
f Fl-in-5cho..
J/ Race Car D...
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Tip:  Askyourteacher where you
should save the zip file.
Remember where you
saved the downloaded zip
file.

3 Locate the zip folder.
Select a folder location on
your system.

Click OK from the
Browse For Folder
dialog box.

4 Un-zip the Folder.
Browse to the location
where you saved the
downloaded zip folder.

Unzip the folder. This may
take a few minutes.

Extract All files
and folders.

Select the folder
location.

Click Extract.

Note: The procedure
maybe different
depending on your

Operating System.

SolidWorks

Engineering Design and Technology Series

[ |

Browse For Folder

Please select a folder to download the ZIP file to:

2009Certificationbook &

2010 - InstructorText-Models-CD

2010 5W AssemblyModeling-CD-Models

2010 5W Drawing&Detailing

2010 SW Engineeringdesign

Bobclass

CD-2010SWENGIMEERINGDESIGN

CD-2010SWTUTORIAL-REVISED

F1 in fchool Race Car

Imag{?:?MKT-MPLANCS-SWIQ

JapanCertifcation2009

My Files(MKT-MPLANC3-5WK) -
1 i b

Folder: F1in School Race Car

Make New Folder 0K ] [ Cancel I

Download Progress

Target: E:%F1in School Race Cah2010_F1inSchoolsDesignProject. zip
1] 1
Progress: 5% complete (14360 K, of 283804 K

Cancel

Name Date modified Type Size

1) 2010_fri-rbkmmtDanin 283,805 KB
Explore

110010 00T AKa

1 Compressed (zipp...

Open

How to open this file?

ExtractIﬂ)H...

N

. Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

Users\planchard\Desktop\FL in School Race Car\2010_FlinSchoolsDesignProject) Erowse”.

[/ Show extracted files when complete

Cancel

Before You Begin
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Double-click the F1 in Schools Design Project folder. View the two

folders.

Note: At the time of writing, the Curriculum 2011 folder was not available.

Double-click the Project Workbook folder to select your language.

Double-click the zip SW_File F1 2011 folder to obtain the model files for the

book.

i

- g
» FlinSchool Race Car » 2010_FlinSchoolsDesignProject » - [+ | Search
Organize = fiews  ~ [Hl Explore E Share (@ Bum
FavEats I MName o Date modified Type
E DECUREHE . F1 in Schools Design Project 11/3/20108:09 AM  File Folder
!E Pictures %
MName Date modified Type Size
.. Project Workbook 11/3/2010 8:09 AM  File Folder
i 4 SW Files F1 2010 4/20/201011:47 AM  Compressed (zipp... 199 475 KB :
= P

Before You Begin

g T MName Date modified Type
[ Documents {EDU J010 FlinGchoolsDesignbroject DEL A750T0 835 AM Adobe Acrobat I
. X “2|EDU 2010 FlinSchoolsDesignProject ENG 4/6/2010 9:27 AM Adobe Acrobat
B pictures T EDU_2010_FlinSchoolsDesignProject_ESP 4/6/20109:23 AM  Adobe Acrobat
B Music =% EDU_2010_FlinSchoolsDesignProject FRA 4/6/20109:24 AM  Adobe Acrobat
More 2| EDU_2010_FlinScheolsDesignProject JPN 4/6/2010 9:25 AM Adobe Acrobat
e +w | T-|EDU_2010_FlinSchoolsDesignProject_LR_CHS 3/25/2010 3:06 PM  Adobe Acrobat
" |EDU 2010 FlinSchoolsDesignProject PTE 4/6/20109:26 AM Adobe Acrobat
MName Date modified Type Size
.. Project Workbook 11/3/2010 8:09 AM  File Folder
i 4 SW Files F1 2010 4/20/201011:47 AM  Compressed (zipp... 199 475 KB :
MName Type
i . Race Car Design Project SolidWorks 2010-Maodels-Final File Folder
J. Race %r Design Project SolidWorks 2010-Models-Initial File Folder
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Add a Folder to the Design Library Path Design Library =
The SolidWorks Design Library is a D B
convenient way to access the parts used in the f
exercises. It is more efficient than clicking ﬁ S it
File, Open from the Menu bar menu and || =@ SolidWorks Content
browsing for a file. Add the Race Car E4 : Dodke
Design Project folder (Initial) to the & Routing
search path of the Design Library. Ié- ______ = I
1 Open the Task Pane. '
Click the Design Library tab.
2 Add a Design Library folder.
Click the Add File Location [&] tab from the
Design Library.
Browse to ) Choose Folder =)
where you
extracted the Lookin: )| Project Workbook - 032 Er
initial model & bome S _’ _ Dtepoli
folder. Recent/l;laces - Race Car Dengn Proj.ect Soldeorks 2010-M0del5-F||:1.a| 11/3/2010 8:23 AN
i . Race Car Design Project SglidWorks 2010-Models-Initial 11/3/2010 &:24 AN
Double-click the o
Racg Car DEH'W
Design
Project m
SolidWorks Planchard,
2011- David C
Models- 1A
Initial Computer _
folder. - - '
[ W Selected Folder
- C:\Users'planchard'\Desktop'\F1 in School Race Car\2011_
[ show assemblies only

Add a Folder to the Design Library Path
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Click the Race

MName Type
Car Design | Race Car Design Project SolidWorks 2010-Models-Final File Folder
Proj ect . Race Car Design Project SolidWorks 2010-Models-Initial File Folder
by’
SolidWorks
2011- - =
Models- @U'l < Race Car Design Project SolidWorks 2010-Models-Initial » [ 4 ||[szarcn
ITnitial By Orgenize - fiews ~ B} &
Favorite Links T . Type Ty
fOIder' I Documents U Analysis File Folder
. z Flow Simulation File Folder
Click OK. IBi proes | PhotolWorks File Folder
B Music @ At SolidWorks Part Document
More » %, Race Car Block SolidWorks Part Document
Folders v | TWheel SolidWorks Part Document
MName Type Compressed size
| Analysis File Folder
. Flow Simulation File Folder
| PhotoWorks File Folder
5 Axde SolidWorks Part Document 57 KB
% Race Car Block SolidWerks Part Document T4 KB
L Wheel SolidWerks Part Document 564 KB

Add a Folder to the Design Library Path 9
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3

Note:

10

Results.

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

Visit www.flinschools.co.uk for
updated design requirements and
specifications along with free
SolidWorks software.

EEEINE

----- 7 Robotics

+-= Routing

-1 SolidWorks Educator Curriculum

----- 7 Weldments

£ ;l--ﬁ Design Library

|_—_lﬁ Race Car Design Project SolidWorks 2010-Models-Initial
- Analysis

- Flow Simulation

[ .? Toolbox
A .° 3D ContentCentral

SolidWorks
Engineering Design and Technology Series
Design Library B
W o R
:—J@ SolidWorks Content
----- 7 Blocks

g
Auxle
-

Flow
Simulation

&< @

Race Car Wheel

Block

PhotoView
360

Analysis

Add a 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, Fillet, Line,
Sketch 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:

m 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.

m  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.

m 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.

Note: 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.

12 Important Design Considerations
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About Balsa

Start SolidWorks and open an existing part

1

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

Lesson 2: Designing the Race Car

Ecuador

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 the SolidWorks application.

Click All Programs, SolidWorks, SolidWorks
from the Start menu. The SolidWorks graphics area

is displayed.
Open the Design Library.

Click the Design Library || tab from the Task

Pane.

About Balsa

T

SolidWorks Resources
Getting Started
|_'| e Document
|_'.§} Cpen a Document
X Making My First Part
ﬂ Making by First Dravwing
ﬂ Tutarials

.i/' General Information

Community

¥

o

13
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3 Open the Race Car Block.
Click the Race Car Design Project SolidWorks
folder located in the Design Library.

The contents of the folder is displayed in the
lower portion of the Design Library window.

Drag and drop the part named Race Car Block
into the SolidWorks graphics area. View the
model and the FeatureManager design tree.

Note: This may take 1-5 seconds.

The FeatureManager design tree located on the
left side of the SolidWorks window provides an
outline view of the active model. This makes it
easy to see how the model was constructed.

SolidWorks

Engineering Design and Technology Series

Design Library
L |

1§l SolidWaorks Content
-3 Blocks
1.3 Robetics
-5 Routing
12 SolidWarks Educator Curriculum
*.15 Weldments
) Design Library
) Race Car Design Project SolidWorks 2010-Models-Initial
-5 Analysis
12 Flow Simulation
i PhotoView 360
F Toolbox
4D 3D ContentCentral

~

Axle

¢ @

Race Car ‘Wheel

Black

Analysis

(7

PhotoView

Flow
Simulation

The FeatureManager design tree and the graphics area are dynamically linked.

You can select features, sketches, drawing views,

either pane.

and construction geometry in

@SnliﬂWnlklede Edit View Insert Tools Window Help Ql[‘]-@-.&%.z‘;-_ N

b:ia & Swept Boss/Base
Extruded Revolved ﬂ Lofted Boss/Base
Boss/Base Boss/Base
@ Boundary Boss/Base

Extruded
cut

Hole

Wizard Cut

Revalved m Lofted Cut

@ (L1

Filet Linear
Pattern

i Rip gl Wrap
a Draft 8 Dome
ﬁ Shel @ Mirror

Swept Cut
»

@ Boundary Cut

Features | Sketcn | Evaluate | Dimxpen | Office Products |
sERee >
i )

% Race Car Block (Default<-
@I Sensors
Annokations
3= Balsa
% Front Plane
%y Top Plane
%y Right Flane
I_, Origin
= @ Bialsa Black
[&] Serew Eye Slot
8 @ CO2 Cartridge Hole
E|-@ Axle Hole Cut Out
2 () sketers
2 () sketer
2 sketchz
[E* sketcha

P

QAASHE @i @ R-E-

-8 %

Solidworks Premium 2011
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4

Note:

Review the created features and

sketches in the model.

Drag the rollback bar upwards to a
position before the Balsa Block
feature.

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. If
needed, press the z key to fit the
model to the graphics area.

The Balsa Block is 223mm x

Lesson 2: Designing the Race Car

sEEee >
T

% Race Car Block {Default<<Defaul
[£2] sensars
) [A] Annotations
3= Balsa
\é> Front Plane
Q Top Plane
%5 Right Plane
I_, Crigin
= @ Balsa Block
H Screw Eye Slot
i @ 02 Cartridge Hale
&= Axle Hole Cut Gut
2 () sketchs
B2 () sketche
B sketch?

[ Sketchs =,

—~—

Y TS
e .

% Race Car Block (Default<<Defaul
| Sensors
I ;_| Annotations
§E Balsa
%y Front Plane
\é} Top Plane
@ Right Flane
I_. origin
| @ Balsa Block
Q [ Sketcht
rew Eve Slat
2 Cartridge Hale
le Hole Cut Out:
(-) Sketchs
(=) Sketcht
" Sketch7
& Sketchi

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.

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

View the features in the graphics area.

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

Drag the rollback bar downwards to
aposition beforethe CO2 Cartidge
Hole feature. 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.

DEEEE
7

% Race Car Block (Default<<Defaf
(2] Sensors

E Annokations
3= Bakea
\<§\ Front Plane
%y Top Plane
Q Right Plane
I_. Drigin

=i @ Bialsa Block

[ sketchi

i Eve Slot

02 Cartridge Hole
Holg Cut Gut

%" Sketchd

sOlk®el >
.’?
Q& .a:E- Car Block

Sensors

[+ | A] Annotations
3= Baksa
%3 Fronk Plane
@ Taop Plane
% Right Plane
I.. Origin

= [§ Balsa Block

[ Sketchi

= IE Screw Eye Slot

(Default < <Defa

Drag the rollback bar downwards to a position before the Ax1e Hole Cut Out
feature. View the features in the graphics area.

Start SolidWorks and open an existing part

15



Lesson 2: Designing the Race Car

Double-click the Ax1e 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 (-) Sketchb.

SolidWorks

Engineering Design and Technology Series

Click (-) Sketchb5 from the FeatureManager.
View (-) Sketchb5 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.

Note:
the designer.

(=) Sketchb5 is not fully defined, because a spline is free-form and will vary by

WjsalidWorks | Fie Edt vew Insert Toos

vindow tep @|0 - --%-9- 2 - - 0%

a?a @ Swept Boss/Base
Extruded Revolved .@ Lofted Boss/Base

Boss/Base Boss/Base Cut
B Boundary Boss/Base

Extruded Hole Revolved m Lofted Cut
Wizard

Swept Cut @ b1 @ Rib @ Wrap

Fillet Linear E raft a Dome

Pattern
E Shell @ Mirror

A=
>

Cut
B Boundary Cut

Features | Sketch | Evaluate | DimXpert | Office Products |

- 8 X

E@[@I@@l 2

% Race Car Block (Default< <Defaul
i -- Sensors
@ Annokations
i §E Balsa
%% Front Flane
& Top Plane
\<9 Right Plane
i I_. Drigin
9- EBalza Block
- sketcht
9@ Screw Eye Slob
P kerchz
E| COZ Cartridge Holz:
- sketeha
B@ Adle Hale Cut Out
ket

7 [ Skelohe
L3 sketch?
i.:3% skatch

aaymE-F o @ Ra-8-

2 @

Editing Part
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Drag the rollback bar downwards to a position below
= a Balsa Block
Sketch8 @Sketchl
. = Screw Eve Slob
Click Sketch8 from the FeatureManager. E° sketche
. . . = @ COZ Cartridge Hole
View Sketch8 in the graphics area. [ Sketchs
= Axle Hole Cut Out
[ sketchd
EZ () sketchs
B () sketche
B sketch7

v E Sketcha @

Click inside the graphics area.

Extruded Cut Feature

An Extruded Cut feature removes
material from a part or an assembly.
Remove material for the Race Car

Body. —
E| ¢ \N-O-
1 Create the first Extruded Cut Feature. [ B S
Right-click (-) Sketchb5 from the - . - @
FeatureManager. [ Fsﬁ:ures Sketch | Evaluate |
YR

Click Edit Sketch from the Context

. . @SulidWorks i File Edit View Insert Tools Wi
toolbar. The Sketch toolbar is displayed

. ® s —>@E
m the CommandManager' Extruded Revolved f Extruded
Boss/Base Boss/Base Cut

Click the Features tab from the
CommandManager. The Features

Featurﬂ Sketch | Evaluate | Dimxpert | Office Products

toolbar is displayed. 7 (Ble[e
Click the Extruded Cut | @] tool from v x&
the Features toolbar. The Cut - !H’-W i
Extrude PropertyManager is L —
. | Direction 1 =®
displayed. ) s =
Select Through All for the End P
Condition in Direction 1. &
D‘ Offset From Surface
Up To Body
_ |Mid Plane
o
|[] birection 2 b

| ] Thin Feature

&«

»

| selected Contours

<>

Extruded Cut Feature 17
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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 Cut-Extrude PropertyManager.
Cut-Extrudel is displayed in the FeatureManager.

Click inside the graphics area. View the results.

EEiSolidWorks | rie e vew et Toos window eep S| |- bl-5-9 - 1--Dx
% 3
1] Boundary Boss/Base T Bounda B s il
Fi | Sketch | Evaluate | Dimxper | Office Progucts | - A%
B Blole QAASNE-F-or- @ 0-H-

| Il Cut-Extrude 7 (E2; % Face Car Block (Default<<D...

¥ X &

From Lo
Sketch Plane w

Direction 1 A

IEI Thraugh Al v

o N

[CIFlip side ko cut

Y|

Draft outweard

|0 pirection 2

&«

|0 Thin Feature

«

Selected Contours il

24.93mm  -191.56mm  Omm Under Defined  Editing Sketchs E

Pin ] the _ _
MenE)ar |F¢e Edit View Insert Tooks Window H@Q\Dv@,,@,@,lg,l
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.

@SnlidWorkslﬁb Edit View Insert Tools Window Help Ql[]-@-@.%.ﬂg. 2 - o= %

% lg Swept Boss /Base = Swept Cut @ g:g @ Rib [:j Wrap
Extrued Revalved & Lofted Boss/Base Extruded Hole Revaolved m Lofted Cut R F',':;:[; ﬁ Draft B Dome. >
b Sk ] Boundary Boss/Base Et e o ) Boundary Cut o e ﬁ Shell Mirror
F | sketen | Evaluate | DimXpert | Office Products | -8 %
s FRlee - AANME - B @& B~
[ d o
Q& Race Car Block (Default<<Defaul @
2 @ Sensors ﬂ
[ m Annokations I
3= Balsa
. \<§>\ Front Plane &
s Q Top Plane
& Right Plane
;., Origin a
E;@ Balsa Block ﬁ
& sketchi q
= @ Screw Eye Slat .
[ sketchz
E,@ COZ Cartridge Hole
[ sketehs
i=-{[@] Axle Hole Cut ot
- [ sketehd
B (-} sketche
[ sketchz
7 Sketcha
< | >
Solidworks Premium 2011 Editing Part =)
3 Create the second Extruded Cut
F t ?@ Screw Eve Slot
?a urej - Sketehz
Right-click (-) Sketch6 from o @ cozcal @B @ 12 =
the FeatureManager. o [ Ao R S
Click Edit Sketch [Z] from the s eoture Ghetche
; g Sketchd) Rall to Previou
Context toolbar. The Sketch ot oo
toolbar is displayed in the
CommandManager. QU ME-T-60- O - E-
- : 298 &
Click Right | &| view from the 5@ EHD
Heads-up View toolbar. The Right (& &
view is displayed. ==l
Rotates and zooms the model to the right
wigw arientation,

Extruded Cut Feature
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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
Cut-Extrude PropertyManager is
displayed.

Through A1l is selected for End
Condition in Direction 1 and
Direction 2.

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

Click OK from the Cut-Extrude
PropertyManager. Cut-Extrude?2 is
displayed.

Click Save from the Menu bar
toolbar.

SolidWorks

Engineering Design and Technology Series

@ Swept BossBase ' ﬁ‘

Extruded Revolved & Lofted Boss/Base Extruded Hole
Boss/Base Boss/Base

Cut Wizard

Direction 1 A

ﬂ,{ Through All i~

Flip side to cut
M
@ _hange the side ko be cut |

Draft oubwiard

L)/
|O Thin Feature v

Extruded Cut Feature
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4 Create the third Extruded Cut Feature.
Create the hole for the CO, cartridge.

Right-click Sketch7 from the
FeatureManager.

Click Edit Sketch from the Context =@ o
toolbar. The Sketch toolbar is displayed -
in the CommandManager.

Click Back view from the Heads-up
View toolbar.

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

View the dimensions of the sketch.

Note: Sketch?7 isthe sketch
for the CO, cartridge

hole.

Extruded Cut Feature

Lesson 2: Designing the Race Car

= Screw Eye Slot

_§|§|§ 12 =

Roll to Previous

Comment

oo

Hidden Lines ¥is

ible

Displays all edges of the model. Edges
that are hidden from the current view are
displayed in a different color or Font.

!
|
i
! —R14
+ +
vs
SO EOO 21.50

65

21
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Note:
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Click the Features tab from the
CommandManager. The
Features toolbar is displayed.

Click the Extruded Cut
tool. The Cut-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 feature arrows.

SolidWorks

Engineering Design and Technology Series

B o \N-0-~-
e |0 - R -0 -

= =@.-0 -

Fea%res Sketch | Evaluate | Dim
e 1

Extruded Revolved Extruded
Boss/Base Boss/Base ) Cut

Features | Sketch | Evaluate | DimXpert | Office Prd

From A
!Sketch Plane ¥
Direction 1 A

1 |
EFHD side ko cut

) [coamge e skt be )

Direction 2 A

iThrough Al » i
||:| Thin Feature ¥
! Selected Contours ¥

!
,,,,,,,,,,,,,,,,,,,,,, I_h 2li50

R14

Extruded Cut Feature
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Click Isometric view
from the Heads-up View

toolbar.

Click 0K [#] from the
Cut-Extrude
PropertyManager. View
the Extruded Cut feature.
Cut-Extrude3is
displayed.

Click inside the graphics
area.

Click Shaded With

Edges from the

Heads-up View toolbar.

5 Save the model.

Click Save []

@SnlidWorks . File Edit WView Insert Tools Window Help Qll:] = Lj' - @ - t@ = M’ = 2 - - 0K

2 (2 Swept Boss/Base & Swept Cut .‘ .g“ o b (& wrap
Extruded Revolved [} Lofted Boss/Bass Extruded Hole Revolved m Lofted Cut B ;;r;:;n % Draft B Dome
Boss/Base Boss/Base Cut  Wizard  Cut =
@ Boundary Boss/Base @ Boundary Cut - - E Shell Mirror
Features | Sketch | Evaluate | DimXpert | Office Products | T
% ([FEBEe » LAY ME-F-6o-@R-E-
(T )
% Race Car Block (Default=<Defaul
@I Sensors
=] |£| Annotations
3= Balsa

& Frant Flane
Q Top Plane
i \<§ Right Plane
1_. Origin
= Balza Block
A sketeht
= @ Screw Eye Slot
[ sketchz
(= @ 02 Cartridge Hole
[ sketchs
= @ Axle Hole Cut Qut
A Sketche
[ sketcha
(=] @ Cut-Extrudel
(] @ Cut-Extrude?

=] @ Cut-Extruded I
z‘l'y

< | ¥ *Isomefric

Solidworks Premium 2011 Editing Part [Z]
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Create the Front Wing

24

1

Create a MidPlane Extruded Boss Feature. D@ 02 Cartridae HD!g
Right-click Sketch8 from the FeatureManager. - @%ﬂ g if .
Sketch8 is the sketch for the front wing of the car. ; g S

==l k- Féal:ll.lre-éﬁketch&)--
Click Edit Sketch from the Context toolbar. The & % Eu: Rall to Previous
Sketch toolbar is displayed in the CommandManager. L o

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 Boss-Extrude
PropertyManager is displayed.

Select Mid Plane for End Condition in
Direction 1.

Enter 50.00mm for Depth.

SolidWorks

Engineering Design and Technology Series

8

SolidWorks | Fie st

Extruded Revolved C
Boss/Base Boss/Base ey

Fea%res | Sketch I Evaluate f 5

From A
Skekch Flane v |
Direction 1 A
Mid Flane Nl
’ I
& :
Merge result
Draft outward
||:| Thin Feature ¥ |
| Selected Contours ¥ |

Create the Front Wing
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Click Isometric view
from the Heads-up View
toolbar. View the Extruded
Boss feature.

Click 0K [] from the
Boss-Extrude
PropertyManager. Boss-
Extrudel is displayed.

Click inside the graphics
area.

Note: Use your middle mouse
button to rotate the model
in the graphics area. View

the created features.

Lesson 2: Designing the Race Car

Wnliderks.Fae Edit View Insert Tools Window Help Q{D.@.@-é-ﬂt). 2 . . F %

[H_j Wrap

— i @ Swept Boss Base -y Swept Cut @ 288 @ Rib
it Fillet  Linear
Extruded Revolved ﬂ Lofted Boss/Base | Extruded Hole Revolved m Lofted Cut | Pattarn Q Draft 8 Dome 3
Boss/Base Boss/Base Cut Wizard Cut
@ Boundary Boss/Base m Boundary Cut - - ﬁ Shel @ Mirror
Fi | Sketch | Evaluate | DimXper | Office Producis | - A X

§1@@1@ :
T

% Race Car Block {Default < <Defaul
g Sensors

@ Annotations

.§= Balsa

i @ Fronk: Plane

% Top Plane

i Q Right Plane

L, origin

E!@ Balsa Block.
B sketeht

E@ Screw Eve Slot
- sketchz

E!@ 02 Cartridge Haole
B Sketehs

(= @ Axle Hole Cut Qut
B Sketchd

@ Cut-Extrudel

@ Cut-Exkrude?

@@ Cut-Extrude3

& g E Boss-Extrudel

*Isometric

QAEHE F-o- @R E-

I o

SolidWaorks Premium 2011

Editing Part
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Create the Front Wing
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3 Save the model.

Click Save from the Menu bar toolbar.

Create the Rear Wing

26

1

Create a Sketch.

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

Right-click Right Plane from the
FeatureManager.

Click Sketch from the Context toolbar.
The Sketch toolbar is displayed. Right Plane
is your Sketch plane.

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

arca.

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

SolidWorks

Engineering Design and Technology Series

O-2-J-e-9 K-8 &-

wept Cut
fted Cut

pundary Cut

HH @ Rib |Ea:ﬂ] Wrap

Fill§ *Linear e
Save (Ctrl+S)

Saves the active document. irror

SR EIE
(T ]

% Race Car Block {Default<<Defaul
'ﬁl Sensors
[ [A] Annotations

3= Balsa
Nl
& T
& 'F‘-sketch (Right Plane)
1. ok g )
B 271 | 30 Sketch On Plane
LS BB J-60-0 £-E-
Zoom ko Area
Zooms to the area you select with a
bounding box,

Sketches a line.

Create the Rear Wing
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Zoom in on the back of the car as illustrated.

Click the Zoom to Area | | tool from the Coincident

Heads-up View toolbar to deactivate. \ /

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

displayed. — |
Sketch four lines as illustrated. The first point — %EmaoE
is Coincident with the top horizontal edge of f.[.% — : —
the car. ‘D& —

Sketch Entities

2 Deselect the Line Sketch tool.
Right-click Select in the graphics area.

Create the Rear Wing 27
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3 Apply the Sketch Fillet tool.

Click the Sketch Fillet tool from
the Sketch toolbar. The Sketch
Fillet PropertyManager is

displayed.

Enter 2mm for Fillet Radius.

Click the left endpoint of the
horizontal line.

Click the right endpoint of the
horizontal line.

Click OK from the Sketch
Fillet PropertyManager.

Click OK from the Sketch
Fillet PropertyManager.

SolidWorks

Engineering Design and Technology Series

@-nN-E %k [
D@ IE
© PRx . .

3Iuate ) %ketch Filet <—

Fille

| Message

o X @

«‘

-\l Sketch Chamfer

F | Entities to Fillet

a

4 Dimension the Rear Wing.
Click the Smart Dimension

tool from the Sketch toolbar. The

[E)

E)Gt

|
Smar |
Dimension |

i
-

fﬂo@

Smart Dimension E icon is
displayed on the mouse pointer.

Click the two illustrated edges.
Click a position to the right.

Enter the 3mm dimension.

28

| Flllet Parameters

?\ [z.00mm

wl|a [»|

rk ained
Fillet Radius

[ pimension each Filler

3,

J y SEtrudES
R2

3
1

Create the Rear Wing
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Click the illustrated edge and point.

Click a position to the right.

Enter the 8mm dimension.

Click the illustrated two points.

Click a position above the
model.

Enter the 18mm dimension.

Create the Rear Wing

Lesson 2: Designing the Race Car

O

¥,

R

X
R2

T
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J
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Note:
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Click the illustrated two edges.

Enter the 6mm dimension.

Click a position above and to the /R—rﬂ 1 !

right. - Ik
Sketch? is fully defined and is R2 J ¥ L
displayed in black. 3
If needed, click the Reverse the
sense of dimension icon inthe 18
Modify dialog box. s
}
1 8
+ +) *
R2 l‘— 3
Click OK from the s Revolved Boss/Base

Reverse the sense of the dimension.

Dimension Extruded
PropertyManager. e
perlyilanager r X 1347

Create an Extruded Boss

Feature.

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

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

Mld Flane

Click Isometric view from the Heads-up View A i

toolbar.
_ & 2
Select Mid Plane for the End Condition from the .M :
erge resUl
drop-down menu. o

Enter 50mm for Depth.

! [ Thin Feature

«

Click OK from the Boss-Extrude
PropertyManager. Boss-Extrude? is displayed.

| selected contours

«

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

Click inside the graphics area. View the results.

Create the Rear Wing
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Designing the Race Car

@Snliqu[ks.He Edit View Insert Tools Window Help Q:U:]vf_'}--%-m- 7 - - B X
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2 \<§ Front Plane
& Top Plane
\<§>\ Right Plane
= I_. Origin
= @ Eialsa Block
[ sketchi
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I sketchz
= COZ Cartridge Hole
[ sketch3
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[ sketehdt
- {&@] Cut-Extrudel
(] @ Cuk-Extrudez
g @ Cut-Extruded
@@ Bioss-Extrudel

I g Boss-Extrudez

< | *| *lsometric

Extruded  Revolved 8 Lofted Boss/Base Extruded Hole Revolved m Lofted Cut Batier
o s
fosebace Hossftace @ Boundary Boss Baze st zd Bt @ Boundary Cut i = ﬁ Shell Mirror
Features | Sketch | Evaluate | DimXpert | Office Products | -8 %
sElslele - AASHE-F- o @ RS-
(F )

EEEIEEEY

T 1]|_Model [ Wotion Sudy

Solidworks Premium 2011
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6 Save the model.
Click Save from the Menu bar toolbar.

Note: Press the s key to view the previous
commands in the graphics area.

Note: Press the g key to activate the Magnifying
glass tool. Use the Magnifying glass tool
to inspect a model and make selections
without changing the overall view of the
model.

Create the Rear Wing

B&-E-&-¢-@
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Insert Fillets

SolidWorks

Engineering Design and Technology Series

32

1

Insert a Fillet Feature.
Fillets creates a rounded internal or external face on the

R

[ Manual | Filletxpert |

part. You can fillet all edges of a face, selected sets of

Fillet Type A

faces, selected edges, or edge loops.

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

/ (@) Constant radius

() Wariable radius
() Face filet
(O Full round filet

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

Click the Manual tab in the Fi1llet PropertyManager.
Click the Constant radius Fillet Type box.

Enter 3mm for Radius.

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

Items To Fillet A

A | 3.00mm

Tangent
propagation

edges are displayed in the Ttems To Fillet box.

Rotate the car with the middle mouse button to view the left 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.

Manual Filetzpert |

(&) Constant radius
) Variable radius
O Face fillt

O Full round Fillst

im] |Edge <15 ~
|Edge=163
|E dge=17:
[ multiple radius fillet

Tangent propagation
O Full preview

() Partial preview

(%) Mo preview

| Gathack Darsmetars s | ¥

EﬂSnlidWo[ks [ Fle Edit View Insert Took Window Help Q{ bl - &5~ e SR .
»
Features | Skeich | Evaluale _\‘ Dimxpert | Office Producis | -5 X
EAEAE] a a0 @@ - -
Gilet =3 = ® Race Car Block (Defauli<<D...

BDEEEER

Total Length: 440.73mm

Select & callout to modfy parameters

Editing Part 7]
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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 Fi1llet PropertyManager. View the Fillet1 feature in
the FeatureManager.

Click Isometric view from the Heads-up View toolbar.
2 Insert a second Fillet Feature. Fillet the Cockpit

Area.

. . W R
Click the Fillet tool from the Features toolbar. The
Fillet PropertyManager is displayed. p |y Manual | Filetxpert |

. . ) | Fillet Type A
Click the Manual tab in 'the Fil l et PropertyManager. I ) ok
Constant radius Fillet type is selected by default. ® i

() Face filet

Enter 12mm for Radius. b
(_FUl round filet

| Items To Fillet A

> |

2.00mm

Insert Fillets 33
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Click the illustrated back edge.
Edgel is displayed in the Ttems
To Fillet box.

Click OK fromthe Fillet

PropertyManager. View the
Fillet?2 feature in the
FeatureManager.

3 Save the model.

Click Save from the Menu bar toolbar. » '3'(

4 Create a Variable Fillet.
Rotate the model using the middle mouse button to

[ Ian Filletpert

2

. . . i adi
view the back curved edges with the middle mouse 7 — -
button. %Variable radius
($Face filet
Click the Fillet tool from the Features toolbar. The () Full round filet

Fillet PropertyManager is displayed.

&

;_Items To Fillet

Click the Manual tab in the Fillet PropertyManager.

&« |

| variable Radius

Constant radius Fillet Type is selected by default. Parameters
Check the Variable radius box for Fillet Type. Setback Parameters
| Fillet Options ¥
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Click the two curved
edges.

Click and drag the
Variable radius boxes
off the model.

Variable radius:

ariable radius:

Click inside the top left
Unassigned box.

Enter 15mm.

Click inside the top right
Unassigned box.

[Variebl ractus: [1mm
Enter 15mm.

f
ariakle racdius: '

2 z =
1 | - “ariable radius: [Smm

Click inside the bottom
left Unassigned box.

Watiahle radius: 1
A

Enter 5mm.

Click inside the bottom
right Unassigned box.

Enter 5mm.
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Click OK from the Fi1llet PropertyManager.
View the VarFilletl1 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.

K

Fillet Type 3
() Constant radius
(%) Variable radius
() Face fillst
(3 Full round Fillet

Items To Fillet

s

»

Tangent propagation

(3 Full preview
() Partial preview
@ Mo preview

Variable Radius Parameters %

A | 1z.00mm |2
W2, 15mm
¥ [z E

(%) Smonth transition

(i[>

() Straight bransition

&«

| Setback Parameters

| Fillet Dptions

&«

B@SolidWorks | Fie st vew et Tods window bep 9[- (F-M-8-9- 2 - - O

x

o (2 swept Boss/Base % & Swept Cut @ I drb (& wap
i Filet Linear
Extruded Revolved ﬂ Lofted Boss/Base Extruded Hole Revolved m Lofted Cut el E Draft e Dome
Boss/Base Boss/Base Cut  Wizard  Cut S
@ Boundary Boss/Base @ Boundary Cut % i E Shell Mirror.

Features | Skeich | Evaluate | Dimxperi | Office Producis | - A %

¥

S EBee - QUEME o @R-H-
G
8 Race Car Block {Default < <Def A
Sensors
& [A] Annatations \
3= Balsa =
Q Front Plane
@ Top Plane
Q Right Plane
L, origin
=& Balsa Block
[E* sketchi
= [ Serew Eye Slat 4
b sketchz
= @ CO2 Cartridge Hole
B Sketch3
E‘-@ Axle Hole Cut Out
[E* Sketchd
[@) cut-Extrudet ey,
(@] cut-Extrudez [
@ [ cut-Extrudes e

o [ Boss-Extrude1 Vg

@ Boss-Extrudez
-7 Fillzt1 IE-
) Filletz v

< | > Flsometric

IS EIBIC]&]e|

Wl el r] | Model | Motion Study 1
Solidworks Premium 2011 Editing Part ]

Insert Fillets



SolidWorks

Engineering Design and Technology Series

Create an Assembly

Note:

Note:

Create an assembly with the Race Car Block.
Insert the Wheels and Axles.

Create an assembly.
Click the Make Assembly from Part/Assembly

tool from the Menu bar toolbar.

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

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

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.

Deactivate the Planes.
If needed, click View, un-check Planes from the
Menu bar menu.

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

Set Isometric view with Hidden Lines
Removed. :
Click Isometric from the Heads-up View

toolbar.

Click Wireframe from the Heads-up View
toolbar.

Save the assembly.

Click Save 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.

Create an Assembly

Lesson 2: Designing the Race Car

Iﬁ%ﬁv[ﬁv@v“‘)vﬂmjlﬁ
I:I [=h1)

Make Drawing From PartfAssembly
% Make Assembly from Part/Assembly
T

- g g e

| Message ¥

i.Parl:,.-".l\ssemhl\|l' to Inserts
[ Open documents:
"G, Race Car Black

__Browse. 5
E Thumbnail Preview ¥
| Dptions &

Start command when
creating news assembly

[ Graphics preview

| [Irake virtual
A= =
T .
@ Asseml (Default<Display State-1|
(7] sensars

[+ {AI Annotations
\<§\ Front Plane
\<§\ Top Plane
\<§\ Right Plame
I.. Crigin
# % () Race Car Block<1 > (Defa)

@@ Mates

9 -[k]-8 &

O-8 -1 -
B I\ » 8

d
ssembly Referen

eatures  Geonf Gave (Ctel+S)
Saves the active document.

ko

ded

b
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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 Component PropertyManager. View the
FeatureManager.

Axle <1>and Axle <2> are displayed.

@Snliqurks '] File Edit View Insert Tools Window Help JID - Lj} w H Eabe ) 2 r = [ X

i § B & ) % & L B |
Insert Mt Linear P Move R Assembly Reference R Bilof | Exploded
o 1 l
Components Compon... e Component Hidden Features Geometry Motion: | Materals Nicw
& > - Components - - Study

Assembly | Layout | Sketch | Evaluate | Office Products | _ &
el » LAYHE- P-bo- @ &-=-

B Race Car (Default<Display St
Hjl Sensors
I+ il Annokations
& Front Plane
&y Top Plane
Q Right Flane
I_. Origin
(! % (F) Race Car Block<1> {Dg
# %8 [} Axle<t > (Defaul<<De
=] % (-)Axle=zz (Dsfau\t<<Dzi]
4

[ mates

x

=

[te[EB[C]&

< >
TP 0] _Model [ hotion Study 1

solidwarks Premium 2011 Under Defined  Editing Assembly 7] &)

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.

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>.

Create an Assembly
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Click Cancel from the Tnsert Component PropertyManager. View the

updated FeatureManager.

@50Iidkas i File Edit View Insert Tools Window Help & | O-&2-B-2-% 2

bR
L1
Linear
Compor...

B

Move
Component

Assembly
Festures

2§ =
Insert Mate
Components =

Smart
Fasteners

Show
Hidden
Components

i
Reference

ety New Bill of

Motion | Materials
Study

Exploded
View

Assembly | Layout | Sketch | Evaluate | Office Produdts |
TR T N ey e-s

S FRe »
(T~

@ Race Car (Default <Display St

@I Sensors
[+ [A] Annatations

%5 Front Plane

Q Top Plane

Q Right Plane

I_, Crigin
e % (F) Race Car Block=1 (De
= % (=) Axle<1 = (Default< <Dt
= % (=) Axle<2= (Default< <Dt
5 ) (-} Wheel<1 > (Default << &
S8 () Wheel <2 (Default<<
T8y () Wheel <33 (Defaul <<
+ B (-] Wheel 4> (Default =<

m@ Mates

£ >

- g

[EE RN

Tl 11| Model [ Motion Swdy 1]

Solidvorks Premium 2011 Under Defined

Editing Assembly

9 Deactivate the Origins.
Click View, un-check Origins from the Menu bar menu.

10 Save the model.

Click Save from the Menu bar toolbar.

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

Click the Assembly tab from the
CommandManager.

- Axle< 2=
-1 WWheel< 1>

+ hCY

[ Mates

Click Whee1<3> from the FeatureManager. This is
the rear left wheel.

Click the Rotate Component tool from the
Assembly toolbar. The Rotate Component

7]
Move Assembly
Component Hidd... Feat'ures

@ | Mhve Component &,

@ Rotate Component

I

PropertyManager is displayed.

Create an Assembly

X
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Rotate Wheel<3> as illustrated.

_ . SERe >
Click Whee1<4> from the fly-out FeatureManager. This (T~ )
is the front left wheel. @Ejlcz;jm(fem“‘D‘S"'a" St
Rotate Wheel<4> as illustrated. 62 (Al Annatations

% Front Plane

\<§\ Top Plane
Click OK from the Rotate Component <§ Zig_h_t Plane
rigin
PropertyManager' [E3] % (F) Race Car Block<1> (De
i [+ (=) Axle {Defaul ¢
12 Rebuild the model. ok Doat o

= % (-} Axle <2 = (Default < <D

: # % () Whesl<1> (Default< <
Click Rebuild from the Menu bar. B () Wheel<2> (Defaul <<
(+-98y (-) whesl<3> (Default< <
efault

@sﬂlidWorks i File Edit View Insert Tools Window Help th B-lH-2-8. 2-_- 8%
B
S

Move
P _ | Component

Assembly | Layout | Sketch | Evaluate | Office Products |

o5 Bl LaASN@-F-o-0 08
| mponent

& @ Race Car (Default<Display 5...

- g

b4

o

BREEEEE

| Move

«

Rotate A
|

8 |Free Drag w

Options ~
(%) Standard Drag
(O Collision Detection
() Physical Dynamics

r 1
!D Dynamic Clearance % |

E.vanced.tlptions ~

[ This configuration

F'u']ii']'[}']'[ﬁ']' |_Model | Wiotion Study1_]

Select a component and drag to rokate it Under Defined  Editing Assembly E[
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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

Coincident
Parallel
Perpendicular
Tangent
Concentric
Lock
Distance
Angle

Advanced Mates

Symmetric

Width

Path Mate
Linear/Linear Coupler
Distance/Angle Limit

You can select many different types of geometry to create
a mate:

Faces

Planes

Edges

Vertices

Sketch lines and points
Axes and Origins

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

sketch entity. Apply the Zoom to Area |“. | tool in the
Heads-up View toolbar, the middle mouse button, and the
f and z keys.

Insert Mates

Mate

o R )

=

| Mate Selections N

(@)%

B | | =

Shandavd Mates
| |Z| Coincident
(X Jparaliel

|£ | Perpendicular
|§ | Tangent

I |@| Concentric
(B ]Lock
[0
[N E

Advanced Mates ~

|_|Z|_ | Symmetric

[ o] path Mate

|Z| LinearjLinear Coupler
(il

[P 30.00deg.

4
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1

Mate the Axles to the body.
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

SolidWorks

Engineering Design and Technology Series

=
Insert

it B
Linear i Move
CO. e Compvonent

?
Mate
Components, m...
Assembly [ Tayout Séﬂ:h [ Evaluate

Sensors

& @I Annokations
\<§\ Front: Plane
\<§\ Top Plane
\<§\ Right Plane
I.. Crigin

=] % () Race Car Block<1 =
= @I Features

'EI Sensars

= |A] Annotations
3= Baksa
\<§\ Front Plane
\<§\ Top Plane
2
L, oHdin

[ @ Balsa Block

@ tace Car (Default <Display

[+~ (F) Race Car Block<1 (D
=% () Axle<1 > (Defaul<<D
= @ Features
':ﬂ Sensars
[ rﬂ Annokations

3= 2024 Alloy

\<§\ Front Plane

\<§\ Top Plane

[+ @ Boss-Extrudel

S [Eg (NI
N = t g
« R 9

| Mate Selections A

Right Plane@Race Ca'
ht Plane, T

planes are
displayed in the
Mate
Selections
box.

Click Add/Finish

Mate to accept
the mate.

Insert Mates
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2 Insert a Concentric mate.
Create a Concentric mate
between the rear axle and
the body.

Drag Axle<1> as
illustrated.

Click the inside cylindrical
face of the rear hole.

Click the cylindrical
outside face of Axle<1>.

Concentric mate is selected
by default.

Click Add/Finish Mate
to accept the mate.

Note: 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.

NN E RIS

2
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3 Insert a Coincident Mate.

Create a COinCident mate = @ Race Car (Default<Display 5... “% (F) Race Car Block=1> (D..
f r&l SEMsors +] (-1 Axle<1= (Default<<D,.
between the front aXle and the [+ @ Annotations = % _(_-) Axle<Z= (Defaulk<<D,,
body 52 Front Plane —HE] Features
: 4 Top Plane I if_«_’il SEMsors
Click the Race Car Bloc k/ 5: Right Plane + .g__l Annotations
. . Crigin 8= 2024 Alloy
nght Plane m the ﬂy-Out = % ({Fy Race Car Block<1= {D... :<>\ Front Plane
FeatureManager, A Coincident1 (Race Ca... I \<>\ Top Plane
@ Concentricl {Race Ca... I <> ;Jj\& Flane
Click the Race Car ={BJ Features L Jhin
. . |2 sensors +] @ Boss-Extrudel
Axle<2>/Right Plane in +1-{&] Annotations
the fly-out FeatureManager. $Z ks
\<>\ Front Plane
Coincident mate is selected by g Jogrine:
default. Li dn
+ @ Balsa Block % Mates
;.ﬂatt_a__s__elections A |
L
Click Add/Finish
Mate to

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

Drag Ax1e<2> as illustrated.

Click the inside cylindrical face
of the front hole.

Click the cylindrical outside
face of 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. |Mate Selections A&

| ce<3=@Race Car I!

N SLe@erh @Bk
W
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Note:

46

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
Axle<2>.

Click the cylindrical inside face of
the front right Whee1<2>.

Concentric is selected by default.
Click Add/Finish Mate to accept
the mate.

Position the model to view the correct
sketch entity.

SolidWorks

Engineering Design and Technology Series

=

Mate Selections

b3

AddiFinish Mate

Insert Mates
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2 Create A Distance Mate.
Create a Distance mate between the outside end
face of the front right Ax1e<2> and the outside
face of the front right Whee1<2>.

Click the outside end face of the front right

Axle<2>.

Click Shaded from the Heads-up View
toolbar.

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

Click the Distance Mate || tool.

'
Enter 7mm. _ "

Click Add/Finish Mate to accept the mate.

3 Mate the three remaining Wheels to the
Front and Rear Axles.
Repeat the above procedures 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.

v ©ly]

I*I

j@@g I

L [Distance L

BN

ﬂl;z.l
3|||—|

Click OK from the Mate PropertyManager.

4 View the Created Mates.
Expand the Mates folder from the /3'@@ Motes

A Coincident1 {Race Car Block<1=,Axle<1
FeatureManager. i © Concentricl {Race Car Block<1 >, Axle<1

A CoincidentZ {Race Car Block<1 =, Axle<2
View the Created mates. © Concentric? (Race Car Block<1 =, Axle <2
: © Concentric (Axle <2 =, Wheel<2=)
5 H Distancel (Axle<2 =, Wheel<2 =)
© Concentricd (Axle <=, Wheel<1>)
H Distancez (Axle<1 =, Wheel<1>)
: © Concentrics (Axle <=, Wheel<3=)
5 H Distance (Axle <1z, Wheel<3=)
© Concentrict (Axle <2 =, Wheel<4:)
H Distanced (Axle<2 =, Wheel<4>)
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@snlidWorkslﬁa Edit View Insert Tools Window Help QlD-@vHv&gvﬂOv ? - - A X

5 i

B g

¢ 5

S
Assembly Reference

Insert Linear Maove
Mate Smart how New Bllof | Exploded ¥
Components Compon... S Compaonent Hidden Features Geometry Mol WAt i
- - - Components - - Study

Assembly | Layout | Sketch | Evaluate | Office Products

®(Hlse

(T~

@ Race Car (Default<Display State-1:=)
@ Sensors
£ m Annokations
&y Front Plane
\<>\ Top Plane
\<§\ Right Plane
I_. Origin
(] @& (Fy Race Car Block<1> (Default< <Defz
[+ % (-3 Axle =1 (Default< <Defaulk>_Displ
& % {-3 Axle <2 = (Default< <Defaulk=_Displ
1+ %8 (-) Whesl<1 > (Default<<Default=_Fh
i U () Whesl <2 (Default<<Default>_Ph
% () Whesl <3 (Default<<Default=_Ph
+1 ¥§ () Whesl 4> (Default< <Default_Ph
= @@ Mates
% )< Coincidentl (Race Car Block<1>,4
: @ Concentricl (Race Car Block<1=,4
,( CoincidentZ {Race Car Block<1>,4
5 @ Concentric? (Race Car Block=<1z,4
@ Concentric (Axle<? =, Wheel <2 =1
l‘—‘l Distancel (Axle<Z =, Wheel<2 =)
@ Concentrict {Axle<1 =, Wheel<1=)
- | Distancez (axle<t =, Whesl<1)

< ] | >

]

A

Flsemetric

»

A ME P60 @B

™~

&

<

"

-8

-
e

4

B ERIEERY

Solidworks Premium 2011

Under Defined

Editing Assembly

z

5 Save the model.
Click Save

from the Menu bar toolbar.
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Calculate the Weight of the Race

Car M =T @ 8
Interference Clearance Hole Measure Mass Section
When you are ﬁnished and ready tO Detection  Verification Alignment Properties Properties
race, your car has to Welgh no less Assembly | Layout | Sketch | EvaIEfate Office Products
than 55 grams. This does not include = === umls
the CO, cartridge. Check the weight o
of the model. Apply the Mass L e
Properties tOOl %Use custom settings
: Length: Decimal places:
1 Click the Evaluate tab from the |Milimeters | |1 =
CommandManager. =
af Mass Properties
Click Mass Properties from the prnt.. [ copy J[ close [ options.. |[recacubte ]
Evaluate toolbar. The Mass Qutput coorcinate system; |~ defauk — o
Properties dialog box is —

displayed.
Click the Options button.

Include hidden bodiesfcomponents

Shaw autput coordinate system in corner of window

Check the Use custom setting box. [ ssiged mass propeties
.Mass properties DI; ﬁace Car ( Asseml‘niy: Cnr"vFléuratlnn = DeF‘au‘I‘t‘j 6
SeleCt 4 fOI' De clma l p l ace. Output coordinate System: -- default --
. Mass = 54,9815 grams
Clle OK' Volume = 200794.7124 cubic milimeters
The Mass = 54‘98 1 5 grams‘ Surface area = 61465,9535 milimeters ™2
Center of mass: { millimeters )
Note: The mass can be different if you did ¥= Lisees

Z = 99,5003

nOt ﬁllet all Of the edges or tOO many PriE;ipa\ aﬁes of inerti? and principal moments of inertia: { grams * square milli
Taken at the center of mass,

There will be eye hooks, paint, 1y = (10000, .0000, 0-000%) By = 2necez o4
d 1 d d. U th. Iz = {0.0000, 0,9994, 0.0358) Pz = 225095.055

cca S’ and san ng. s€ 1S mass as Moments of inertia: { grams * square milimeters 1
an estimate and make sure tO Weigh Taken at the center of mass and aligned with the output coordinate syskem.

Lxx = 206262, 74589 Ly = -0.1369 Lxz = 0.7336
the completed car before racing. A . e L
. zx =0, 2y = X zZ= A3

1 111 1 1 Moments of inertia: { grams * square milimeters )

list of critical dimensional rule R e
. . o

requirements are provided at the end < >

of this lesson.

Note: The mass of the Axle part using 2024
Alloy is .9896 grams. If the Axle part
was changed to AISI 304, the total mass increase of the Race Car would be
approximately 3.67 grams. Explored this as an exercise.

Close the Mass Properties dialog box.
2 Save the model.

Click Save from the Menu bar toolbar.

Calculate the Weight of the Race Car 49
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Calculate the Overall Length of the

Race Car o 7 8 &
. Interference  Clearance Hole  Measure  Mass Section
Whel’l you are ﬁl’llshed al’ld ready to Detection  Verification Alignment Properties Properties|

Note:

50

Engineering Design and Technology Series

race, your car can’t exceed 210mm in  [TSseriy | Cajout | Skeich | Evaiuate [ Ofice Produds | |
length and 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.

Distance: 211.21mm
Delta ¥: 8.58mm

Delta ¥: 20.91mm
Delta Z: 210,00mm
Tatal Length: 52.76mm

: 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
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2 Measure the Wheel<2> diameter.
Right-click inside of the Selection box.

I;Ieasure - Race Car.SLDASM : 5]
b~ | B - @ -

Edg I
Edge <2>@Race Cal | Clear Selections
[?\gelete

Click Clear Selections.

Click the diameter of the front Wheel<2>. m——r—

The diameter of Wheel<2> is 32mm. Delta X: 8.58mm | Customize Menu
Delta ¥: 20,91mm

Delta Z: 210.00mm
Note: Remember your wheels need to be between Takal Length: 52.76mm

26mm and 34mm in diameter.

bl solidwWorks | Fie Edit View Insert Tools Window Help .‘9|Bvﬁ'-ﬁvi‘;'§vﬂ©v ?2--0%

e G it "
LM i T I T T i E &
Stud Interference  Clearance Hole Measure Mass Section  Sensor  Assembly  AssemblyXpert | Curvature Symmetry
¥ Detection  Verification Alignment Properties Froperties Visualization Check

Assembly | Layout | Sketch | Evaluate | Office Products |

R 1 o afr-a- W - 8%
ﬁlﬁ‘%e bes @
(e —

Qa race Car (Default <]
s R

[+ [A] Annotations =

\é> Front Plane

. @ Top Flane

\6} Right: Plane

L origin
=28 % (F) Race Car Block<1> (D
i % () A<l > (Default<<C
B () A<z > (Default< <L
B () wheel<l » (Default<-
5 W () wheel<2>> (Default<-
8 () wheel=<3 > (Default=-

0 T () whesl<d» (Default<- \g
[ Makes c]

&

=3

il
&,
&
e

=

Olal

Dimeter
Center:  [35mm,10mm,170mm

| ¥| *Right

<
[ HTTTFTP] Model [Wafion Stug
Solidvorks Premium 2011 Under Defined  Editing Assembly 7]
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3 Measure the center distance between the
two Wheel hubs.
Right-click inside of the Selection box.

Measure - Race Car.SLDASM @

66~ mm || B - @ -

_;_Eear Selections
te

Click Clear Selections.

Click the front hub face of front Whee1<1>. E?Qrﬁte'lérlf_ | costomzs wens

Click the front hub face of back Wheel<2>.
The center distance between the two Wheel
hubs is 135mm.

Close the Measure - Race Car dialog box.

mSnlidWorks ' File Edit View Insert Tools Window Help QILD SN = R 2 - - F &%

A 6| T m 4 = B R
Stud Interference  Clearance Hole [Measure | Mass Section Semsor Assembly  AssemblyXpert | Curvature Symmetry
Detection  Verification Alignment Properties Properties Visualization Check

Assembly | Layout [ Sketch | Evaluate | Office Products | T
SEBe » [|owmeme - @25
R - o b- @
Q Race Car {Default <Displk Face Tl

@ Sensors Face <1 =@htheel-2

Fl E Annokations

‘6} EronbPlane The bwo selected items are parallel.

Distance: 135.00mm

\é> Top Plane Dielta ¥ 0.00mm
@ Riight Flans Delta %: 0.00mm
S Delta Z: 135,00mm
% orign Total area: 47,52 milimeters~2

- % {F) Race Car Block<1:
98 () Axle<1 = (Default:

LD crEEnEs

e % xle<z= (Defaulk 3
=% f lj m m
e Q‘ A . ] T . !
= % () Wheel=3> (Defau #
el % (-) Wheel<4 = (Defau
[+ W@ Mates
i

el

£ | >| *Right

Model | Motion Stus
Solidviforks Premium 2011 Under Defined  Editing Assembly 7]
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Create an Exploded view
For manufacturing purposes, it is often useful to

S=Ee

separate the components of an assembly to visually & x 5
analyze their relationships. Exploding the view of an e —
assembly allows you to look at it with the components % 5
Separated. --_Explode Steps ¥
. . :Settings ]
An exploded view consists of one or more explode EY i
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.
Note: While an assembly is exploded, you cannot add mates | Options A
to the assembly. e ity
£ —9
Select sub-assembly's parts
Explode

1 Create an Exploded view Configuration.
Click Isometric from the Heads-up View toolbar.

= @ Rael‘C:I;r CoFi;u.r;Li;(s)
Click the ConfigurationManager tab. /' lkal________ad_va_nfq I Select
ew Exploded View. ..
Right-click Default from the ConfigurationManager. i '"'Eds .
peedPal

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 red/orange Triad arrow to the right.
Note: Drag the wheel far enough to the right to leave room for Axle<2>.

Click the Done button from the Settings box.
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2 Create Explode Step2.
Click the left front Whee1<4> of the model. A Triad is displayed.

Click and drag the red/orange Triad arrow to the left.
Click the Done button from the Settings box.

~

> > p \/’“
. ¥

>

\i;

<
B

V
J
-
A

3 Create Explode Step3.
Click the right back Whee1<1> of the model. A Triad is displayed.

Click and drag the red/orange Triad arrow to the right. Drag the wheel far
enough to the right to leave room for Axle<1>.

Click the Done button from the Settings box.
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4 Create Explode Step4.

Click the left back Whee1<3> of the model. A Triad is displayed.

Click and drag the red/orange Triad arrow to the left.

Click the Done button from the Settings box. View the results.

Lesson 2: Designing the Race Car

5 Create Explode Step5.

Click the front Ax1e<2> of the model. A Triad is
displayed.

Click and drag the red/orange Triad arrow to the right.
Click the Done button from the Settings box.

Create Explode Step6.
Click the right back Ax1e<1> of the model. A Triad is
displayed.

Click and drag the red/orange Triad arrow to the right.

Click the Done button from the Settings box. View
the model.

Expand each Explode Step in the Explode Steps
box. View the results.

Create an Exploded view

9rf[B]®

« R 9

| How-To:

Explode Steps

=

% Wheel-2
-] Chainz

% Wheel-4
=] Chaing

% Wheel-1
-] Chaind

% Wheel-3
-] Chains

% Axle-2
-] Chaing

% Axle-1
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7 Return to the ConfigurationManager. ——————

BT |2
Click OK [#] from the Explode
PropertyManager. =) TO Default [ Race Car ]
8 Animate the assembly. ol ﬁ_l Collapse
Expand the Default configuration. ExpvViewl (rimate colapse |
is displayed. X [Belete

Right-click ExplView1.

Click Animate collapse. View the results.
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Click the Play button

Lesson 2: Designing the Race Car

from the
Animation

BT

Controller

| 4.004.00 sec. \

dialog box. View the
Animation of the
Race Car.

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 Menu bar.
You are finished with the assembly.

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

Create an Exploded view

k |f:|:|nfi6ur5tinns .

e FeatureManager design ktree

[ ﬂi pliigw
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@Snlidkas . File Edit View Insert Tools Window Help QLD -F-H-2-8- 2. 8%
» [N 3 & Fo) & W

~
Assembly Reference

Insert Linear Move ¥ e
ate Smart Show Mew Bil of | Exploded ¥
Components Compon... ST Companent Hidden Features Geometry Motion | Materials s
= - - Components - = Study
Assembly | Layout | Sketch | Evaluate | Office Products | & %
- A
el AR » aYmE-F-0-@&-8-
(T~ "

@ Race Car (Default<Display State-

| ] Sensors
] |l| Annotations \
Q Front: Plare _ \
e @ Top Plane ;
% Right: Plane v" /
;., origin = ~
[+ % () Race Car Block<1> (Defau %
# % (=) Axle<1= (Default< <Defau
[+ % (-) Axle <2 (Default < <Defau
- () Wheel <13 (Default <<Defi
(+-58 () Whesl <2 (Default=<Def:

-8 () Whesl 3> (Default< <Def: 4 /
-y () Wheel <4 (Default <<Defi
., "

Gs[ElR[Cla:

PO
i

[+ @@ Mates

v
IAJ\K

L[] *| *lsometric

wilall pllpl| Model | Motion Study 1

Solidorks Premium 2011 Under Defined | Editing Assembly H|

1 Open the Race Car Block Part from the

Assembly. 3 % ::Dn:tzltionns |
Right-click (f) Race Car Block<1> from Qo (] 8 4 12 N B OF
the FeatureManager. . <§ Zirgi;it @

=% -~ —
Click Open Part from the Context toolbar. 5@ () a] MR | Invert Selection

. [+ (O}
The Race Car Block FeatureManager is :3__% T

. 'Component {Race Car Block}
displayed. =9 QW=

BB sy Hidden Tree Items
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2 Return to the Race Car Assembly.
Click Window, Race Car from the Menu bar

[ windon | bep @ | - - [ -

menu. The Race Car assembly is displayed. = ::::i::nt o
3 Open the Axle Part from the Assembly. g :;T:;a:r;nta"y
Right-click Ax1e<1> from the FeatureManager. B0 | Tie verticall
Arrange Icons
Click Open Part from the Context toolbar. Close &l

The Ax1e FeatureManager is displayed. | csldinai

Race Car.5LDASM

Brovi}‘; Open Documents.,.  Ckrl-Tab

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

Customize Menu

% TopPene

8N BB

Click Front view from Heads-up View toolbar.
Press the f key to fit the model to the graphics area.

_ ® B
5D O
Click the Measure
tool from the Evaluate —
toolbar. The Measure e r——
- Axle dlalog bOX iS Distance: 50,00mmm
Delta ¥: 50.00mm
displayed. o
Tokal Length: 18.8Smm
Click the left edge of
Axle<l>.
Zoom in if needed to aa
select the edge. |

Click the right edge of
Axle<l>.

View the results.

5 Measure the diameter of the Axle.
Measure - Axle.SLDPRT

nght-cllck inside of the Selection box as Bb - dt |y o v B -
illustrated.
. Edge<2= __l-e?ggaEions
Click Clear Selections. e
T e
ks i ustormize Menu
Click Right |&| view from the Heads-up View -

Tatal Length: 15,85
toolbar. ot Gh
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60

Click the circumference of the
Axle<1>. The diameter is 3mm.

Close the Measure - Axle

dialog box.

Click Isometric view from the
Heads-up View toolbar.

Return to the Race Car
assembly.

SolidWorks

Engineering Design and Technology Series

Ciameter.
Center:

Length: 5.42mm

25mmim, Drmim Ormm Diameter: 3mm

x|

-&-

a5 2

Click Window, Race Car from the Menu bar

menu.

The Race Car assembly is displayed.

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 Backdrop - Ambient White.

View the results in the graphics area.

Click Plain White.

View the results in the graphics area.

Click Warm Kitchen.

Window | Help & l O -2 -E -

Viewpork
e Window
Cascade

Tile Haorizontally

Hoo o

Tile Vertically
Arrange Icons
Close all

Race Car Block,SLDPRT

Ra§ Car, SLDASM
E e |"Ax \SLOPRT

Browse Open Documents,,,  Ctrl-Taby

Customize Menu

R

3 Paink Beige

3 Point: Blue

3 Paint Green

3 Paink Orange

Backdrop - Ambient White
Backdrop - Black with Fill Lights
Backdrop - Grey with Overhead Light]
Backdrop - Studio Room
Backdrop - Studio with Fill Lights
Saoft Box

Soft Spatlight

Saoft Tent

Warm Kitchen

Ambient Only

[7]|Plain white

Courtyard

Factory
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tool in the Heads-up View toolbar.

Click the drop-down arrow from the View settings

Lesson 2: Designing the Race Car

s B
@ | Realview Graphics

—p @ | Shadaws In Shaded Mads

ﬂ | Perspective

Click the Shadows In Shaded Mode @ icon.

Rotate the model with your middle mouse button.
View the results.

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

Click Shaded from the Heads-up View toolbar.

@SolidWoiks . File Edit View Insert Tools Window

Help le'L%'H'@'@v

2

=

F.4

[

1 3
Assembly Reference

[ED) a
Move e
Component

B
FE
Linear
Compon...

Insert
Components

"
L:g %
Mate Show

Hidden

Components - =

mar New
Fasteners

Study

Bill of
Features Geometry e i

Exploded
View

»

Assembly | Layout | Sketch | Evaluate | Office Products |

b

AASHE- 3o @R -

I

Ju]]

¥

By E e
P —
@ Race Cat (Default <Display State-

@ Sensors
[ |A| Annotations

\<>\ Front Plane

- @ Top Plane

-y Right Plane

I_, Crrigin

= % (F) Race Car Block<1 > (Defau
+-5§) () Ao <1 > (Default < <Defau
& % (=) Axle <Z> (Defaulk < «Defau 3
3-8 () Wheel<t > (Default<<Defe 4
+-%8Y () wheel<2> (Default<<Def:
-8 () Wheel<3> (Defaul< <Def:
- 5§ () Wheel<4: (Default<<Def:
] @ Mates

I+

B

| ¥

*Isometric

[l [l [C @]k

SolidWorks Premium 2011

<
lﬂi’ﬂﬂ@@["ﬁﬁé—_ﬁ?{&n—ﬁﬁm1 ]

Under Defined

2]

Editing Assembly

Click Save from the Menu bar. 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.

Create an Exploded view
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Below are some of the dimensional requirements (Type-R) 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

2010 - 2011 Rules and Regulations

folder from the Flinschools.co.uk
site.

62

No. Structure Min. Max.
3a. Fullbodylength * 170 210
3b. Body height above the track” 3 10
(excluding eyelets) including
side pods and wings
3c.  Body width at side pods”™ 50 65
3d. Total body width, including wheels * 60 85
(alf dimensions stated in millimetres, mm.)
No. Structure Min. Weight
3e. Body weightwithoutthe CO, cartridge 55.0
(alf weight values stated in grams, g.)
3. Mo part of the body should be less than 3mm thick - this
excludes air foils / wings
3a. Maximum body height (including aerofoils) 60

* Additional Notes

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

3b. measured from track surface to the car body.

Jo. measured from side-to-side of the car body - the side pods are the
part of the car that flanks the sides of the cookpit 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 stioker of
30X16mm will be applied to both side pods and must be 100% visible
when viewed from the side. Side pods can be convex, concave or flat
but capable of taking the F1 in Schools promotional logo decal,

3d. measured between outside edges of the wheels or body, whichever
is widest.

Race Car Dimensional Requirements
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Wheel dimensions copied from the
2010 - 2011 Rules and Regulations
folder from the Flinschools.co.uk

site.

Wheel to Body dimensional
design requirements copied

from the 2010 - 2011 Rules and

Regulations folder from the
Flinschools.co.uk site.

Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

Wheel Dimensions

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

4b. All wheele must fit the following criteria:

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

No. Structure Min. Max.

4c.  Front wheel diameter * 26 34

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

4e. Rearwheel diameter * 26 34

4t Rearwheel width * 15 19

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

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

4i. A school/college/organized youth group
may manufacture their own whesls, as long as
they fit within the sst specification.

* Additional Notes

4o0. & 42, measured to the extreme outer edges of each wheel.
4d. & 4f. measured between the extreme edgee (including any
protrusions)

Wheel to Body Dimensions

The wheels are not allowed to be inzide the car

body and 100% of the whesel 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
2010 - 2011 Rules and
Regulations folder from the
Flinschools.co.uk site.

Car Body and Wings
dimensional design requirements
copied from the 2010 - 2011
Rules and Regulations folder
from the Flinschools.co.uk site
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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 19.1 199
chamber diameter

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

6¢c. Depthof hole 50 60

6d. Wallthickness around cartridge * 3.1

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

* Additional Notes

6b. 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 loose marke acoordingly

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 aerofoll on the front nose of the car, an aerofoil on the rear of
the car and side pods on both sides of the car
No. Structure Min. Max.
8c. Rear/Front Wing 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.

Race Car Dimensional Requirements
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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.

Create an Assembly Drawing
1 Open the Race Car Assembly.

N
CECk File, Open, or click Open Fiename:  [Race CarSLOASH 7 z]
from the Menu bar toolbar. Fios ot tpe: B — t%
Browse to the Race Car Descriptior:  <None>
assembly folder. (] Guick view / Selective open

Open the Race Car assembly.

The Race Car assembly
FeatureManager is displayed.

2 Create an ANSI Assembly

Drawing Document. %F"ﬁ - & - k-8 E
. . =]

Cth the Make DraWIng from —»E IMake Drawing from Part/Assembly ‘ -
Part/Assemny tOOl from the g@ Make Assembly from Part/Assembly mj
Menu bar toolbar. . Mew SolidWorks Document
Accept the standard Drawing [ Templates | Tutorial|
Template. '
Click OK from the New
SolidWorks Document : —

. Sheet Format/Size
dialog box.

(&) Standard sheet size e

Click OK from the Sheet I —
Format/Size dialog box. R e

D (ANST) Landscape |
|E (ANSI) Landscap
BN {AMEN 1 andsrans

| 2 - landscape slddrt Browse...

[] Display sheet Farmat Width:  279.40mm
Height:  215.90mm

OE Cancel Help

™|

(O Custom shest size
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Right-click inside the drawing sheet.

Click Properties. The Sheet Properties dialog box is displayed.

A SolidWorks jj Fi= Edt View Incert Tods Window Hep 20-2-H-%-% - A%

© N-@--x 2%

ﬁs Mirror Entities

Smart Trim - Display/Delets
Diméngion |1~ €02~ & - Entities Offeet =15 linear Skstehfatten: x| g o
Entities. ...
. @-8 - < e e
View Layout | Annotation | Sketch [ Evaluate | Office Products | SR T - Gy - Yiew Palette 4=
= S e e -
By select Other | Fiace CaiSLDASH ,V|D @ E

Zoom/PanfRotate

Recent Commands

Options
[ Import Annotations

Sheet (Sheet1)

Edit Sheet Format

B EEYE

3 Select the Sheet size and

Type of Projection.
Click B (ANSI)
Landscape for Sheet
Format/Size.

The default name of the
Sheet is Sheet1.

Click Third angle for
Type of projection.
The Sheet Scale size is
1:5.

Check the Display sheet
format box.

Click OK from the Sheet
Properties dialog box.

~1

D (AMST) Landscape
E (ANSI) Landscape

lananenlanderane 2

I. __ __I /® Third angle
Sheet Format/Size
(&) standard sheet size
[Jonly show standard format
A(ANglj Land;cape A
| A (ANST) Partrait =

Previzm

| b - landscape.slddrt |

[ Browse. ..

’ Display sheet Format

() Custom sheet size

Width:  431.80mm  Height: 273.40mm

Use customn property values from model shown in:

iDefau\t

Lock Sheet Focus
v :
Set Resalved ta Lightweight U AL
Add Sheet...
y [g-‘ Copy [ Drag views onto drawing sheet
i X Delete
B Properties... e
Relationsj5naps Options. .. @ i
»
SHpIEl {4) Frant *Right
€2 | Smart Dimension {553
More Dimensions L3
Ainnotations 8 5 ﬁ
Drawing Yiews L=
2
Uy *Top *Back
v 2
WINTEIE]] (& Sheett [0 ] == ﬂ? ]
ShowEdit the Properties of the current selection. 2.73in Bdin Oin  Under Defined  Edifing Shestt 1:4 2]
Sheet Properties EJ
o Type of projection
Name: | Sheetl e : i Mext wiew label: A
- () First angle L
Scals | 1 | & i Mext datum &

The drawing sheet is displayed.

Create an Assembly Drawing
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4

Note:

68

Set Document
Properties.
Click Tools,
Options, or click

SolidWorks

Engineering Design and Technology Series

Race Car - Sheet1

nter Mark ==z
Tables

Options

Changes options settings For Solidwiorks,

Options from
the Menu bar
toolbar.

Click the
Document

Annokation:
Dimensions

&

Dimzpert
Tables

[+

System Options | Document Properties |

ting Standard g

Centerlines/Center Marks

Overall drafting standard
AFST

—p

Properties tab.

Select ANSI for
Overall
drafting standard.

Unit system is MMGS
(millimeter, gram, second).

Set Annotations Font.
Click the Annotations folder.

Click the Font button. The
Choose Font dialog box is
displayed. Select the drawing
font.

Select Century Gothic from
the Font box.

Select Regular from the Font
Style box.

Check the Points box from the
Height area.

Select 16.

Close the Choose Font
dialog box.
Click OK.

Return to the graphics area.
Click OK.

Syskem Options i Docurnent Properties

Drafting Standard

- Annotations <€—

AMST
[#- Dirmensions
CenterlinesfCenter Marks Text
Dirnspert
Font...

ables

e

COrerall drafting standard

Century Gothic

View Labels Aktachmients
Choose Font g‘
Font: Font Style: Height:
| Century Gothic | Regular Ciunits
EE ~| T : [ cancel |
Century Schaaolbook. Italic .
0 chiler Bold @ Paints
() Colonna MT | |Bold Italic iz 1
0 Comic 5ans M5 L 14 e
Sample
& EI
Effects
AOBDY\,’ZZ [Cstrikeout  [Junderline
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@Snlidkas i Fle Edit WView Insert Tools Window Help & | D . L.}“’ - H - 53 - B o v - K

Fod \ -@ - r\J - ¥ Ei{ [ ﬁ A Mirror Entities

Smart Trim gmn . Display/Delete
Dimension O-&-¢8- Entities Sfﬁz 3351 e =t i M Relations

- -® - - o -

- T

View Layout | Annotatlonﬂ| Sketch | Evaluate | Office Products | 0% =60 O — 5%
= >
(@
Race Car

[A] Annatations

= [ sheett

Shest Formatl

G

¥iew Palette i
Click ko display this task pane tab. 7

=

- S (s, . w
s T A Race Car
wncwan Py sCaitis becw: -
3 4 s 2
WA [asneet1 [T ]
Solidiwarks Premium 2011 280,06mm  154.41mm  Omm Under Defined  Editing Sheetl 1:5 7] &

8 Insert an Isometric view.
Use the View Palette to insert drawing views. The View
Palette contains images of standard views, annotation

[irag views onto drawing sheet

views, section views, and flat patterns (sheet metal parts) £23 iy’
of the selected model. You can drag views into an active _
. . . (&) Front *Right
drawing sheet to create a drawing view.
If needed click the View Palette |3 | tab from the Task ﬁ =y
Pane.
*Top *Back
Drag the *Isometric icon into Sheet].
The Isometric view is displayed. The Drawing Viewl B m
PropertyManager is displayed.
*Left *Bottom
*Current *lsometric
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9 Modify the Sheet Scale and Display mode.

Check the Use custom scale box.

A

Select 1:1 from the drop-down menu.

EEEEE

Scale

A

Click Shaded from the Display Style box.

Click OK from the Drawing Viewl
PropertyManager.

() Use sheet scale
(®) Use custom scale

a

User Defined

User Defined -~
IUze model text sca;

10

Deactivate the Origins.
If needed, click View, un-check Origins from the Menu

bar menu.

@SolidWoiks . Fle Edit View Insert Tools Window Help | O-F-E-2-- 2 P S
0 o ABi m Q Balloon v(’ Surface Finish Geometric Tolerance
Smart Linear Blocks
o . Model | Spell Format | MNote @ AutoBalloon /7 Weld Symbol Datum Feature Area b

imension % Note...
Items | Checker Painter Hatch/Fil
5 - /A U Hole Callout @ Datum Target -
View Layout | Annotation | Sketch | Evaluate | Office Products | 5 %
- 5 A
=liEd » QA B -
T et
Race Car ,@
m Annotations | ﬁ
= [ sheet1 =
e =2
=] shest Forr m
(% Drrawing Vie
£
(&

B Race car

< | &
R [&sheett [T

383, 19mm -39.532mrm Omm

Solidwarks Premium 2011

Linder Defined

]

Editing Sheetl 1:5
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11 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.

Right-click inside Sheet1. Do not click inside the
Isometric view.

Click Edit Sheet

Sheet {Sheetl)

Edit&:eet Format

Lock Sheet Focus
Set Resolved fio Lightweight

Add Sheet...

Format A 7CemturvGoth\c 7\'7%247\'[}6.35mn7 ABIJI US

|
i
i
Il
Il

Zoom in on the Title
block.

SIEL

L

Race Ca

Double-click Race Car

SCALE: 1:5 |WEIGHT: | SHEH

in the Title box.

Select 22 from the drop-down menu.

Click OK from the Note PropertyManager.

12 Return to the drawing.
Right-click Edit Sheet.

View the results.

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

14 Save the Drawing.
Click Save . 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.

Create an Assembly Drawing

Sheet (Sheet Format1)
""" Edit Sheet
| adRsneet...
| copy
X | Delete

| Table Template ﬁ-\
born-material A
| Table Paosition A |

[] attach ta anchar paint:

[BOM Type ]

() Top-level anly
() Parts only

) Indented

‘ Configurations ¥ .\

»

Part Configuration
ESEEEpINGS
Display as one item number

(%) Display configurations of the
SAME patt as separate items

() Display all configurations of
the same part as one item

() Display configurations with
the same name a5 one ikerm

:“|jul(.eep .I\;I.i.s;i.ng i‘tem ¥‘

i.it-em .I\il..-ln'.l-l-:ners ¥\

| Border %

iul;ayer ﬁ\
£l |Mane- ~|
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1

Note:
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SolidWorks
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Create a Bill of Materials.

Click inside the Isometric view. The Drawing Viewl fad
PropertyManager is displayed.
Click the Annotation tab from the CommandManager. f@nerc‘-' Table
HJa) | Hole Table
Click Tables, Bill of Materials. The Bi11 of P il of Materias
Material PropertyManager is displayed. Accept the % ;“?'_bas:dbls‘" of Material
. . : evision [able
default settings. Top level only is selected by
default. bom-standard is selected in the Table 5 Bill of 1
Template box. v R
Toble Template A
Click OK fromthe Bill of Material [ bom-material 1 |_-J|
PropertyManager. e
Click a position in the top right corner of Sheetl. [ aktach ta anchar paint
View the results. {Ban Type A
(&) Top-level anky
You select a Sheet format when you open a new OParts only
drawing. The standard Sheet formats include links to | Ondented
System properties and Custom properties.
Save the drawing.
Click Save .
B SolidWorks j e Edt Vew Inet Took window Hep @[ -B-E-%-9- 2 - 0%
o o A}Q v ,@ Balloon ' surface Finish Geometric Tolerance 7|
D;’::;tm Model | Spell  Format | Mote ;g’;a’ S3 AutoBalioon /7% Vield Symbol Datum Feature frea. Dok
Itens | Checker Painter = ;L HatchyFil
e = ALY Uz Hole Callout @ Datum Target =
View Layout | Annotation | Sketch | Evaluate | Office Prududsj - A x
(=[] » QAT @D b
¥ e e ] [
Rarce Car — i e i H i ;.@L
[A] Annakati : = |l
i &
& Draw L=
B Bl of Ma
£
i

B Roce Cor

< | &
IR (& Sheett [T ]

Solidw/otks Premium 2011 83.65mm

307.71mm  Omm Under Defired  Editing Sheet! 1:5  [Z] @
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Add a Sheet to the drawing.

_She_t_at {Sheet1)

1 Add a Sheet in the drawing. Edt Shest Farmat
Right-click Add Sheet. Do not click inside the ;ZE";:ZT:;”E:iightweight
Isometric view. Sheet2 is displayed. - :';;da'g%g;;"

[ | copy
Insert a Front, Top, and Right view using the View Palette. ¥ |Delete
ig Properties...

1 Insert a Front view.

Click the View Palette |52 | tab from the Task Pane. HipsBi b dlasd e
Drag the *Front icon into Sheet2 in the bottom left

corner. The Front view is displayed. The Projected [% =i
View PropertyManager is displayed. ot N

2 Insert a Top view.

Click a position directly above the Front view. The ﬁ iy
Top view is displayed.
g *Back

3 Insert a Right view. * *
Click a position directly to the left of the Front view.

The Right view is displayed. s m
*Left *Bottomn
Click OK from the Projected View
PropertyManager. View the three views. ﬁ
*Current

4 Modify the Sheet Scale. _

Right-click inside Sheet2. Do not click
inside a drawing view. & f Tge of projelction
. . i {_) First angle

Cllck Propertles. Srale: 1 | 2| (&) Third anggle
Enter 1:2 for Scale. Shest Farmat/Size A
. (%) Standard shest size
Cllck OK from the Sheet [CJonly show standard Format
Properties dialog box. Q(Egﬁgigﬁao?t:riffpe i
| B {AMSI) Landscape
Click and drag each view into position. € (At Lanccape
(AN Lanccone
5 Rebuild the drawing. et e
. . | H\Documents and Settings), rowse, .,
Click Rebuild ﬂ from the Menu bar -~
toolbar Display sheet format

6 Save the drawing.

Click Save .

Create an Assembly Drawing 73
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Drawing Views
# £ Drawing View3 -:J
=) g Drawing Viewd 4

@SnlidWo:ks i Fie Edit Vew Insert Took Window Help ¥ | O &= 2 - = [
O a ﬂ% b Q Balloon V'- Surface Finish Geometric Tolerance ¥z
Diri:s;itan Model Spell  Format | Mote ’,SIUT:F Q} AutoBalloon /7 weld Symbol Datum Feature Area Hogss =
Items = Checker Painter " Hatch/Fill
= = £ U Hale Callout @ Datum Target i
View Layout | Annotation | Sketch | Evaluate | Office Products | 5 %

= 5 ®
— B Eh wE AN i
|E8 |EY » = N e B8 (D G-
b a
1
] Race Car . e
[A&] Annotations |l
(i Sheetl =
heet Format1 [ m
< Drawing Yiswl =
| =8
of Materials1 |

£ 2
LT [hSheett | [&Sheet2 [T ]

107.68mm  Omm Under Defined

Solidorks Premium 2011 -25.75mm

2l

Editing Sheetz 1:2

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 in the Right view.

Note: Select an edge. View the icon feedback symbol.

Click the right edge of the Race Car in the Right
view.

Click a position below the car to place the dimension.
The overall dimension of the car is 210mm.
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= -® N-
View Layout | Annotation | Sketch
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2 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 bottom of the left front Wheel.

Click the top of the Top Wing.

Click a position to the left to place the dimension.

Click OK from the Dimension PropertyManager.
Press the f key to fit the model to the Sheet. View the results.

Create an Assembly Drawing
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Note:

Open a Part from the Assembly
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1

Engineering Design and Technology Series

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.

Edit the Title block on Sheet2. Sheet (Sheet2)

The title of the drawing sheet is automatically filled in | |gditsheet Format

with information that is in the file properties of the Il Lotf&iheet Focus
assembly. Set Resolved to Lightweight

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

Click Edit Sheet Format. e =
. 41 [ century Gothic v 2y 5.35mn | A u =El= gasEi==

Zoom in on the Title peart e e =l

block. MRace Ca

Double-click on Race SCALE: 1:22 [WEIGHT: | SHEE

Car.

Select 22 from the drop-down menu. Sheet (Sheet Format2)

Edit Sheet
Click OK from the Note PropertyManager. i Ad(%heet,,,
Right-click Edit Sheet. & copy

Rebuild the drawing.

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

Save the drawing.

Click Save .

Cpen Assembly
Oy TSR D

Zoom/PanfRotate

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

Click Open Assembly. The Race Car
assembly is displayed.

Recent Commands
“\I-'ieui__([irawil:lg-\l"ieﬁ-z_)

Lock View Position

Return to the Race Car assembly drawing.
Click File, Close from the Menu bar menu.

The Race Car drawing is displayed. %l e miin
| Mew...

In the next section, return to Sheetl and create ¥ | open...

an Exploded Isometric view. B X

Open a Part from the Assembly
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mSBIidWo{ks '] Fle Edit View Insert Tools Window Help (& | D - L.A}' - ~ 5 2 - = 1K
Fod \ -@ - f\J - ¥ Et 7 .‘EL Mirror Entities
oSt Bl e @ | i, S ofet i e sehraten o| OIS
= -® - - o =
View Layout | Annotation | Sketch | Evaluate | Office Products | - A%
== » vl dw-
.'?7 - : & 1
1 Race Car @-
A Annatations J;ﬂ_
=
@
@ Bill of Materials1
| [& sheet2 |
{ Sheet1 ! E
= Drawing
[+ & Drawing
B Roce car
£ >
[T [EShed] (3 Sheet2 (2]
Solidworks Premium 2011 Under Defined  Editing Drawing Wiewz 1:2 @
Create an Exploded
Assembly view Configuration information
1 Return to Sheet1 () Use model's "in-Lse" or last saved configuration
. ) (®) Use named configuration:
Click the Sheet1 tab at I ]
| Defavit M|
the bottom of the o
hi ¢ ¢ ¢ Show in exploded state
grapnics area to return to DBlay State )
Sheetl . | y State-1 v |
2 Create an Exploded
State.

Right-click inside the Isometric view.

Click Properties. The Drawing View Properties dialog box is displayed.

Check the Show in exploded state box.

Create an Exploded Assembly view

77



Lesson 3: Create an Assembly Drawing SolidWorks
Engineering Design and Technology Series

Click OK from the Drawing View Properties

dialog b Display Style _
1108 Dox. 56680
3 Modify the View Scale. <

Scale

Click inside the Isometric view in Sheetl. The Drawing ) Use sheet scale

View1 PropertyManager is displayed. Ol
Check the Use custom scale box. |user Defired ||
Select User Defined. L11S b

Enter 1:1.5.

Click OK from the Drawing Viewl PropertyManager.
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 three views with inserted dimensions on Sheet2.

@suliﬂwofks | Fie Edit View Insert Tools iWindow Help [ lU R = I A A 4
ol NG - o =3 5 I Mirror Entities [&
Smart H-a-0 Trim O% FRE Sketeh Patte Display/Delete
Bimension A LA M Entities St gaa Lnear £ Pattern Relations
Entites ...
= -®@ - = o -
View Layout | Annotation | Sketch | Evaluate | Ofiice Products | = %
- 8 %
Clid » AT @D -
(&4 ) —
. ; : : [lin)
| IR e e e — | -
| A] Annotations = { —— ﬂ
pa—d
S =
Sheet Format1 '@
3] Drawing Viewl :-=..
Eill of Materials1 :_
ez -] e
 shest Farmatz L Q; = b
i - =
£ =]
SR ' /
Fawing Wiew3 : . ’?
"% Drawing Yiewd .| =
WA EII] L& Sheetd Sheef2 [ 71 ]
Solidwarks Premium 2011 35.35mm  201.99mm Omm Under Defined  Editing Shest1 1:5 8 [7] @
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Lesson 4
PhotoView 360™

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

Load PhotoView 360

Create a PhotoView 360 assembly configuration

Apply the Appearance tool to the Race Car assembly

Apply the Scene tool

Render the Race Car assembly

Apply and edit the Decal tool on the Race Car assembly.

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

m Save the PhotoView 360 image
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PhotoView 360

Activate PhotoView 360

80

PhotoView 360 is a best-in-class rendering solution for creating photorealistic
images from 3D CAD models. Utilize PhotoView 360 to help your colleagues
visualize your designs more easily. PhotoView 360 contains advanced
visualization effects such as user-defined lighting, and an extensive library of
appearances and textures as well as background scenery.

PhotoView 360 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 PhotoView 360 you can define _
and modify the following elements of  |BICT|I&| €|

. = al
a rendering and more: @/= & {1 T Photoview 360 Options

| Scene Sortarder: | History v|
n Appearances [# L) colar
n De cal IS & o color <2
. . = color <3z
|| nghtlng [ color <4
m Image output formats

Lok | 3 Provan —»0 7 - &
Rendering is the process of T
applying the appearances, scene,
lighting, and decal information to
the model.

Open the Race Car Assembly.

. 3
Click Open from the Menu
bar toolbar. Flename: | Race Car. SLDASM vl [Copen |-
Fies of ype: | assembly (aom”saom) __ — |

Description;  <None>

Browse to the location of the
Race Car assembly in the [ Use SpeedPak
PhOtOVieW fOldel‘ Oor use your [ Quick view / Selective open

] Lightiueight

assembly that you created.
Open the Race Car assembly.

The Race Car assembly is
displayed in the graphics area.

Activate PhotoView 360
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2

Note:

Activate PhotoView 360.

Click the Office Products tab from
the CommandManager. View your
options.

Click PhotoView 360 | @] from the
CommandManager. PhotoView 360 is
displayed in the Menu bar menu.

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

Tangent Edges are displayed.

Display the available

Lesson 4: PhotoView 360™

] @i & [l= (]
PhotoView ScanTo3D SolidWorks SolidWorks SolidWorks  SolidWorks
Motion Routing  Simulaton  Toolbox

Layout | Sketch | Evaluate | Office Products

S

@, & 1
PhotoViel.y ScanTo3D  SolidWorks  SolidWorks
360 Motion Routing

Layqyt | Sketch | Evaluate | Office Prod|

b
] | PhotoYiew 360

| Loads or Unloads the Photoview 360
e add-in.

Shaded With Edges
Displays & shaded view of the model with
its edges.

=1

PhotoView 360 tools. @SulidWorks ] File Edit View Insert Tools |_P_hu‘gn\c'iew 360 | Window  Help

Click PhotoView 360
from the Menu bar

CircuitWorks |PhotoView | ScanTo3D  SolidWorks  SolidWorks 5 &

e‘v\gEdit Appearance...

[l & = A2 |Edit scene.

Motion Routing £ E5) | Edit Decal...

menu. View the drop-

Assembly | Layout | Sketch | Evaluate | Render Tools Intearated Freview

down menu and the = o

available tools. 77

(3] sensors
[ [A] Annotations
\<‘>‘ Front Plane

@ Race Car (Default<Display Ste

Preview Window
Final Render
Opkions. ..
Schedule Render...

Recall Last Rendered Image

DO O

Customize Menu

Activate PhotoView 360

81
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Create a Configuration for Rendering

Note:

82

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 effecting things like the
drawing.

Create a new configuration.
Click the ConfigurationManager 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 PhotoView 360 in the
Configuration name box.

Enter PhotoView 360 in the Description
box.

Click OK [#] from the 2da
Configuration PropertyManager.

SolidWorks

Engineering Design and Technology Series

= T0

onfigurations
Invert Selection
L

Top Assembly (Race Car)

Hidden Tree Items r
Comment L7
Tree Display L4
Explode

Animate explode

Configuration Publisher. ..

'—"|§=@ Add Configuration. ..

| Configuration Properties & |

| Configuration name:
[ Phototiew 360 — |
Drescription: .
[ Photoview 3c0] €— |
[use in bill of materials

Comment:

;-Bill of Materials Options %
Part number displayed when
used in a bill of materials:

Race Car, SLDASM

| Docurnent Marne |

Child component display when
used as a sub-assembly:

() Show
() Hide
O Promate

f. .Advanced Options ¥

f"ParenI:,.-"l:hiId Options ¥

Create a Configuration for Rendering
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Note:

Note:

View the PhotoView 360 Configuration.
Click the PhotoView 360 configuration in the
ConfigurationManager.

Click the DisplayManager tab. The
DisplayManager lists the appearances, decals,
lights, scene, and cameras applied to the
current model. From the DisplayManager, you
can view applied content, and add, edit, or
delete items. The DisplayManager also
provides access to PhotoView options.

Click the View Scene, lights, and
Cameras icon. View the details.

The Scene, Lights, and Cameras pane of the
DisplayManager lists the scene, lights, and
cameras applied to the current model.

Return to the FeatureManager.

Click the FeatureManager tab.

Click Shaded from the Heads-up View
toolbar.

The present configuration is PhotoView 360.
View the results in the graphics area.

Create a Configuration for Rendering

Lesson 4: PhotoView 360™

= @ Race Car Configurationis) (PhotoYiew 3607
(-T2 Default [ Race Car ]

Sort order: | Hiskary |

=g~ ] oo
% Race Car Block
= ﬁ bexbure
% Whesl
(=) satin finish alurninum
% Axle
= a color <2
u Face
ﬂ Face=z>
[+ ‘ color<3>
[ color<4=
(&40 color <5

& % 3 view Scene, Lights, and Cameras
) 3] Liggrme

Camera

£ Walk-through

T R e »
I/ ? = ) a'
@ Race Car (Photoview 360 <Display

i_ﬁl Sensors
[+ |:| Annotations

\<§‘ Front Plane

<‘\} Top Plane

Q Right Plane

I.. Crigin
& % ({Fi Race Car Block<1 = (Defau
& % (-3 Axle<1 = (Default < <Defau
= % (-} Axle<2 = (Default < <Defau
i+ 98 () Wheel<1> (Default< <Def:
+-% () Whesl<2> (Default< <Def:
& % (-1 'Wheel <3 (Default < <Def:
+-%8 () Whesl<4> (Default< <Def:
[+ @@ Mates
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B solidWorks jj Fie it Vew st Toos PhotoVien0 Widow el @il:] BeHo&-9. 8.2 - - 8 X

B e ¥ m £
ScanTo3D SolidWorks SolidWorks  SolidWorks  SolidWorks  Tolanalyst
Motion Routing  Simulstion  Toolbox

Circuitiorks {PhotoView
380

Assembly | Layout [ Skefch [ Evaluate | Render Tools | Office Products |
sEEe - BRASHE F @B
T~ )

@ Race Car {PhotoView 360 <Display
- @ SEnsors
[+ [A] Annotations
‘<\>‘ Front Plane

- ‘<§\ Top Plane

‘Q Right Plane

2 ;., Drigin
[ Q (F) Race Car Block<1> (Defau
[ % (-} Axle=1> (Default < =Defau
& % {-) Axle=2 > (Default < =Defau [
1 8 (-} Whesl<1 > (Default< <Defe
1 8 (-} Whesl<2> (Default< <Def:
(+) %8 (-) Whesl<3> (Default< <Def4
11 %8 (-) Whesl<d: (Default< <Def4
i (il Mates
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Wid v k| Model | Motion Study 1

Solidiorks Premium 2011 Under Defined

Editing Assembly E_‘

Appearance

84

PhotoView 360 can use the appearance you applied when
modeling the Race Car for the rendering. However, that
isn’t always what’s best for a rendering. For example,
when you modeled the Race Car Block, balsa material
was used 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
PhotoView 360 can render engineering materials such as
steel, copper, aluminum, and plastic, you can also apply
and render materials such as rubber, leather, fabric, paint,
etc.

|@\ﬁ’ e |

R =

O o)
[ Color/tmage
‘Message ¥
Selected Geometry 3

(= Apply at companent level

(CrApply at part document: level

‘ Color

«

‘ Display States

«

Appearance
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4 Apply Appearance to the Tires.
Click PhotoView 360 from the Menu bar '[—&_J”mppea —
menu. View the drop-down menu.

3
g
2
=
8
g
L")

Edit Scene...
Edit Decal...

Click the Edit Appearance tool. The
color PropertyManager is displayed. The
Basic tab is selected by default.

Integrated Preview
Preview Window
Final Render
Options. ..
Schedule Render...

ORORE MPD

Recall Last Rendered Image

Customize Menu

Wnl_idw-olkslae Edit View Insert Tooks Photoiew 380 Window Help QlJ'_ il &9 8.2 - 0OX

(<] £N j ; — ‘);

Assembly | Layout | Sketch [ Evaluate | Render Tools | Office Products | « Appear... 4
EE A @ o 0@ @ o SE- P&

'_ﬂﬂﬂl._ﬂ!' - Eﬂ-@ Race Car (PhotoView 360<Di...

o B =
=
ColotImage __/

selected Geometry Byl ¥ y
(&) Apply at component level =

&
(@) Apply at part document o =
lewel ol Defautt Appear...

Select an
appeatance.

o e Appearar
Scenes

Decals

| v

Race Car.SLDASM

i

>

Remove Appearance

T

4

am =
» | _Model [ Wofion Study 1 M|
ities ko modify their appearance: Under Defined  Edting Assembly  [2] i

Appearance 85
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86

5 Apply changes at the part level.

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

Click the Apply at part document level
box.

Apply changes to the PhotoView 360
configuration.

The PhotoView 360 configuration is the
active configuration. Check the This
display state box as illustrated.

Click Select Faces in the Selected
Geometry box.

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

The selected face is displayed in the
Selected Geometry box.

SolidWorks

Engineering Design and Technology Series

Selected Geometry 3

() apply at component level

Apply at part document

]
%mly changes at part document level
(=] L
| &
@
()

Display States {linked)

b3

&his display state
Il display states

() Specify display state

@

< | 4

Selected Geometry

b3

() apply at component level
() apply at part document level

]

1
| Select Faces i
|

@

Appearance
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Click the Appearances, Scenes and Decals El <« Appearances, Scene...
tab from the Task Pane as illustrated. @ G @

= @ Appearances(calor) ~
(+) i@ Plastic
& La Metal

Painted

Rubber

Expand the Appearances (color) folder.

Expand the Rubber folder.

Click the Texture folder.

|&|£|‘W] NEE)

1@ Matte
. . . . L_@. Gloss
Click tire tread. The tire tread appearance is L@ Texture
applied to the four tires in the graphics area. il @ Glass
[+ g Lights v

Default Appearance: color

Click OK from the tire thread Select an appearance.
PropertyManager.

View the results in the graphics area. i

tire tread

Bl SolidWorks jf Fle Fdit Ve Insert Tods PhotoView3s0 Window Help QlD R Am-D- 8.7 - - O R
[l & = ¢ ] 7

CircuitWorks [PhotoView | ScanTo3D SolidWorks SolidWorks SolidWorks SolidWorks  TolAnalyst
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Assembly [ Layout | Sketch | Evaluate [ Render Tools | Office Products [ _| s
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@ Sensors
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CeEOEE

‘<‘>‘ Top Plane \ "l

‘<‘)>, Right Plane | i

: L it , Textur
(%8 (F) Race Car Block<1> { ! .
& G () Axle <1 (Default<< S

5§ () Axde <2 (Default<<

3 Defaul
i S () whesl<1> (Default< ¢ i
& TG () Whesl<2> (Default< 4 . e
& S8y (-} Wheel <3 (Default< | .
i T8 () Wheel <4 (Default< .
& [ Mates ; W
v
J‘\(
I
L=
- : : <o
Wil syl Model [ Motion Study 1 a1 &
Select entities ko modify their appearance Under Defined  Editing Assembly I:'f'l
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Note:

Note:

88

Apply Appearance to the Front
and Rear Wing.
Click PhotoView 360 from the

Menu bar menu.

Click the Edit Appearance El
tool from the drop-down menu.
The color PropertyManager is
displayed.

Apply changes at the feature
level.

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

Click the Apply at part
document level box.

Check the This display state
box.

Click the Select Features box.

Select a color.

Expand Race Car from the fly-
out FeatureManager.

Expand Race Car Block.

Click Boss-Extrude1. Boss-Extrudel is the front

SolidWorks

Engineering Design and Technology Series

& Edit Scene...
f&l  Edit Decal...

Pho;\u‘iew 360 | Window  Help
e dit Appearance...

:.Selected Geometry A

() apply at component level

Apply at part document level

: ||Ap|;‘|l;' changes at part documeét Ie;'e
=
[

Display States

This display state
aill display states

() Specify display state

.
@

. )}

b3

:-Seiected Geometry

| =

() aApply at component level
(%) apply at part document level
1'%

=)

®]

s [T

wing. Boss-Extrudel is displayed in the

Selected Geometry dialog box.

Click Boss-Extrude2. Boss-Extrude? is the rear

wing. Boss-Extrude? is displayed in the

Selected Geometry dialog box.

A custom color can be selected and created by using

the color palette in the Color dialog box.

If needed, select a single feature Boss-Extrudel
and then perform the procedure again for the second

feature Boss-Extrude?.
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Click OK from the color
PropertyManager.

View the results.

Lesson 4: PhotoView 360™

Selected Geometry
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() apply at component level
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Rendering 360 | window Help
Rendering is the process of applying the ) | Edit Appearance. .
appearance, scene, lighting, and decal information e

to the model. Final rendering applies all options set s
within PhotoView 360.

Note: Performing any operation that changes the view
(zoom, pan or rotate) will remove the rendering.

Integrated Preview
Preview Window
Final Render
Options. ..
Schedule Render...

@@@Lﬂﬂ @i

Recall Last Rendered Image

1 Render the model. |
Click PhotoView 360 from the Menu bar menu. Batomes He

Click the Final Render El tool from the drop-
down menu. View the model in the graphics area.

Render (Zoom: 100%
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Modify the Appearance

1 Modify the Appearance to the Race Car Block.
Click Close Window from the Final Render dialog
box.

Close the Race Car dialog box.
Click PhotoView 360 from the Menu bar menu.

Click the Edit Appearance El tool from the drop-
down menu. The color PropertyManager is
displayed. Race Car is displayed in the Selected
Geometry box.

Click the Apply at part document level box.

Click Race Car Block from the Race Car fly-out
FeatureManager. Race Car Block is displayed in the
Selected Geometry box.

Modify the Appearance

Lesson 4: PhotoView 360™

-;g Edit Scene...
&  EditDecal...

PhoE\ﬁew 360 | Window Help
O dit Appearance...

Selected Geometry 3

() apply at component level

Apply at part document
level

vl

@JDN changes at part document: |e
=
@]
(m]
ke

[

-§

I @ Sensors

[ |:| Annotations
I \<'>. Front: Plane
T Q Top Plane
I <“>. Right Plane
T I—» Crigin

+ @%ates in Race Car

MESE

v %X =

( Basic l Advanced

() apply at component level

Apply at part document
® Il

[ Remove Appearance

7

[ colorfImage

Selected Geometry Ro| A

~
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Expand the Appearances (color) folder.
Expand the Metal folder.

Click Silver.

Click matte silver.

Click OK from the matte silver
PropertyManager.

2 Render the model.

Click PhotoView 360 from the Menu bar menu.

Click the Final Render El tool from the drop-
down menu. View the results.

. Final Render (Zoom: 100%)
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e
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@ Iran
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3 Return to SolidWorks.
Click Close Window from the Final Render dialog
box.

Close the Race Car dialog box.

@Snl_idWorkslﬂe Edit View Insert Tools PhotoView 350 Window Help Qlﬁv@v-é@-”‘)- 0.2 - - F %
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\<§\ Right Plane

I.. Qrigin
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B (-] dde 1= (Default< <Defau
5 %8 () Ao <z (Default< <Defau
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=08y () Wheel <4 (Default <<Def:
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Scenes

PhotoView 360 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. PhotoView 360 has a number of
predefined scenes to make initial renderings quick and

94

easy.

Apply the Edit Scene tool.
Click PhotoView 360 from
the Menu bar menu.

Click the Edit Scene [2] tool
from the drop-down menu.

Click Yes to the message
dialog box.

The Editor Scene
PropertyManager is displayed.

Click the Browse button from
the Background box.

Double-click studio?2 as
llustrated.

Click the This configuration
box.

SolidWorks

Engineering Design and Technology Series

Phog\ﬁew 360 | Window  Help
9 dit Appearance...

Edit Scene...
Edit Decal...

@ Integrated Preview

% Preview Window

@ Final Render

Options. ..

% Schedule Render...

1@ Recall Last Rendered Image

Basic || Advanced || Hlumination

| Background ~ |
Image s

E [ C.:-'l,i:.‘rograrﬁ .Fi.l.es.ls.o.liah\.fo

Browse. 5 |
Clke |

Lack in: | _) background

| (] sky.png

| ,"_"] smoke.png

| %] snowcloud. png
: soft bos, hdr

soft spotlight.hdr

File: name: | studioZ jpg

Files of type: | All Image Files [*.bmp;* hdr;* jpg;” jpeg:” pnag. v

Description; ~ <MNane>

EE

)
[%]tilg Tvpe: JPEG Image
Size: 664 KB

4

™ [ 1)

| Configurations

|3

This configuration
Ml configurations
() Specify configurations
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Click OK from the Edit Scene PropertyManager. View the results.

@Snlide[_ks.He Ecit View Insert Tools PhotoView 360 Window  Help Qlﬁvﬁ'vﬁ-év"‘)v .2 - %

[l & = ¢ ] K]
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380 Motion Routing  Simulation  Toolbox

Assembly | Layout | Sketch | Evaluate | Render Tools | Office Products —_—
Sl =N ) » 8,
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@ Race Car (PhotoView 360<Display
Sensors
E-m Annotations
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- Q Top Plane
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I.. Qrigin
% (F) Race Car Block=1 3 (Defaul
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% () Axle <22 (Default < <Defaul
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2 Render the model.
Click PhotoView 360 from the Menu bar menu.
Click the Final Render tool. View the model.

3 Return to the SolidWorks Graphics area.
Click Close Window from the Final Render dialog box.

Close the Race Car dialog box.

inal Render (Zoom: 100%
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Decals

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)

Apply a Decal. — _

Click PhotoView 360 from Bt i

the Menu bar menu. ; | Sppeseance.
—p & |EditDecal...

Click the Edit Decal [2] tool

| Integrated Preview

from the drop-down menu. @ Previsw Window
@ | Final Render
The Decals Options...
PropertyManager 1s @) | Schedule Render...
. @ Recall Last Rendered Image
displayed.

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

Click the Appearances,

Scenes, and Decals El tab
in the Task Pane.

[Cut-Extrudel of Race Car Block=1=]

97



Lesson 4: PhotoView 360™ SolidWorks

Engineering Design and Technology Series

Click the Decals folder.

“« Appearances, Scenes, and ... 42

Click the SolidWorks P @
decal. @ Appearances(rolor)
. . = & Scenes
The decal is displayed on [ Basic Scenes
i E& Studio Scenes
the Race c ar B l oc k £ 122 Presentation Scenes
= @ Decals
- l’.a logos

Select & Phototorks decal
or uze the Browse... button in the
editor to find a file.

20l L | ]

RLEY
Barcode

7

S

SolidWorks
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Check the This configuration box.

Position the Decal.

Decals

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 Ax1is 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.

Lesson 4: PhotoView 360™

Configurations

bl

%‘;his configuration
Il configurations
() Specify configurations

85 (B |

Size/Orientation

b3

Fixed aspect ratio
vf' X“—'Fl [CIFit width o selection

[CIFit height ko selection
(2 1mage 1 | B [21zas0eamm 2]
Q Mapw“?‘ Tllumination ] . .
Selected Geometry “

<> |180.00deg

[ T T T |
[CItirror hovizontally
[ mirvar vertically

Reset ko Image

Mapping ~

| Prajection .v |
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Click OK from the Decal PropertyManager.
View the results. | Lresidecalsogo.bmp

Create a decal from an existing file. Select the Image
tab. Click the Browse button under the Image [save Decal..|
file path.

Image file path:

m&nliqu[ks | Fle Edt View Insert Tools Photobiew 30 Window Hep 9{[‘] R -E-2-E - 8.2 - - B X

[l & = o 7
ScanTo3D Solidwoarks SolidWorks SolidWorks SolidWorks TolAnalyst
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CircuitiWorks | PhotoView
a0

Assembly | Layout | Sketch | Evaluate | Render Tools | Office Products

WP Race Car (PhotoView 360=Displa
@ Sensors
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- Q Front Plane
% Top Plane

@ Right Planz

I_. Origin
& %8 (F)Race Car Black<1> (Defaul
= 8 (-) Axde<t > (Default < <Defau
e % (-} Axle<2 > (Default<<Defau
) (-) Wheel<1> (Defaulk < <Def o
= % () Wheel 2> (Defauit < <Def: 4
= 98 (-) Wheel <33 (Default < <Def:
i 98 (-) Wheel <4 (Default < <Def:
i Mates

RIS Model [Wofion Study 1|

Select entities to modify their decal

Under Defined  Editing Assembly (7] <)
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2 Render the model. = T |
Click PhotoView 360 from the Menu bar menu. Sk, oo

Q Edit Appearance. ..
& Edit Scene...
Edit Decal...

Click the Final Render tool. View the model.

3 Return to the SolidWorks Graphics area.
Click Close Window from the Final Render
dialog box.

| Integrated Preview
Preview Window
Final Render
Options. ..
Schedule Render...

@@ﬁ£@ml_@

Close the Race Car dialog box.

| Recall Last Rendered Image

@Snl_idWorks | Fi= it Vew Insert Tooks Photoliew 360 Window Hep @lD P A0 = R o T [ R B
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ScanTo3D SolidWorks SolidWorks SolidWorks SolidWorks TolAnalyst
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Q Right Flane
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% {-) Axle<t > (Default< <Defau
% (-) Axle=Z > (Def ault<=<Defau L
& 8 (- Wheel<1> (Defauk < <Def: 4
+1 W8y () Wheel 2> (Defaulk < <Def: 4
1 Uy {-) Wheel<3 (Default < <Defs
Wy (- Wheel<4: (Default<<Def:
(I Mates

Render Tools | Office Product:

[WI4]

Select entities bo modify their decal

Under Defined  Editing Assembly B
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Edit the Decal

Note:

102

Click the DisplayManager El tab.

Click the View Decals icon as illustrated.
Expand the Decals folder.
Right-click logo.

Click Edit Decal. The Decals PropertyManager
is displayed.

Click the Mapping tab.

Use the graphics view decal frame to move,

resize and rotate the decal. View the finished
position of the decal from the PropertyManager.

Dragging edges or anywhere inside the frame
moves the image, dragging corners resizes, and
dragging the center ball rotates the decal.

=] r
8

cals (Race Car)

E%Decal. ”
te

Add Decal... |

|
?\ Tlumination

Selected Geometry | 2

B

Race Car Block-1@Rac

| Projection o |

F v

= | 10.6646638mm

1 [-0otdessanm 2]

X

Size/Orientation
Fixed aspect ratio
[CIFit width to selection
[CIFit height to selection

e
H [sv.879256320m 3|

.\ispect rakio: 2,30 : 1
< [180.00deq -
I

[CItirror horizontally
[ tierar vertically

Reset ko Image
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Click OK from the Decals PropertyManager.
4 Return to the FeatureManager.

Click the FeatureManager tab.
5 Save the model.

Click Save .

Click Save All. You are finished with this section. Have fun. Explore with decals,
appearances, lighting, scenes, etc.
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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.

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
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Images can be rendered to the following file types:

Windows Bitmap (* . bmp)

TIFF (*.tif)

TARGA (*.tga)

Mental Ray Scene file (* .m1)

JPEG (*.Jpg)

PostScript (* . ps)

Encapsulated PostScript (* . eps)
Silicon Graphics 8-bit RGBA (* . rgb)

Output Options
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m Portable pixmap (* . ppm)

Utah/Wavefront color, type A (* .rla)
Utah/Wavefront color, type B(* . r1b)

Softimage color (* .pic)

Alias color (*.alias)

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

Methods to Increase Rendering Quality

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.

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.

Output Options 105
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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
linear inch. Pixels per inch measures the resolution of an image projected on a
display.

Calculating Correct Number of Pixels
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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.

Output Options
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1

View PhotoView 360 Options.

The PhotoView Options PropertyManager
controls settings for PhotoView 360, including
output image size and render quality.

Click PhotoView 360 from the Menu bar menu.

Click the Options tool. The PhotoView 360
Options PropertyManager is displayed.

View the default settings and your options.

Click OK from the PropertyManager.

Close all SolidWorks models.
Click Windows, Close All from the Menu bar
menu. You are finished with this section.

Output Options
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Lesson 5
Analysis

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

m  Modify the Rear Wing of the Race Car Block to increase the mass

m  Apply the Measure tool

m  Apply the Mass Properties tool

m  Apply SolidWorks SimulationXpress™ to the Ax1e-A part

m  Save the SolidWorks SimulationXpress™ analysis

m  Apply SolidWorks Flow Simulation™ to the initial Race Car Block
assembly

m  Apply SolidWorks Flow Simulation to the final Race Car assembly

m  Compare the results

m  Save the SolidWorks Flow Simulation analysis
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Modify the Rear Wing

110

In Lesson 2, you created the
Race Car assembly. You
applied the Mass Properties tool
and calculated the mass of the
Race Car without paint, decals,
sanding, etc. as 54.98grams.
Increase the size of the rear wing
to increase the total mass of the
Race Car assembly.

Open the Race Car Assembly.

SolidWorks

Engineering Design and Technology Series

Fiename:  [Racs Car SLDASM v [open -]
Files of type: |Assembly [*.asm;” sldazm) v [ Cancel ]
Description;  <Mane>

[ Use SpeedPak

[ Quick view ¢ Selective open

[ Lightweight

Click Open from the Menu bar toolbar.

Browse to the location of the Race Car assembly.

Open the Race Car assembly.

The Race Car assembly is displayed.
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2 Open the Race Car Block Part.
Right-click Race Car Block from the

FeatureManager, @ Race Car {Default<Display State-13
(2] sensors

SN &
T

. 2 [ [A] Annotations
Click Open Part from the Context 4 Front Flane
toolbar. The Race Car Block g:lﬁl@ e 12§ e
FeatureManager is displayed. é N
| () Ra =
3 Display the Rear Wind. [+ % O] |.:& Invert Selection

ERCNS!

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

. . . i Y E AR 22
Click Right |&| view from the Heads-up View (T )
tOOlbar % Race Car Block (Default<<Default>_Displa

) [ sensars
Press the f key to fit the model to the graphics 1 oh
area. \<§\ Frant Plane
% Top Plane
Drag the Rollback bar below Boss- %y Right Plane
Extrude?2. L, oridn

& @ Balsa Block

[+ Screw Eve Slot
[#-\[@] COZ Cartridge Haole
[@] Axle Hole Cut Out
[#-\[@] Cut-Extrudel

[+ E Cut-Extrudez

[+ Cub-Extruded

(e @ Boss-Extrudel

Expand Boss-Extrude?2.
Right-click Sketch?.

Click Exit Sketch from the Context

tOOlbar. =] @ Boss-Extrude? —,
[ S
- ([&@] Cut-E

cnefEE 18 =
& @ Boss-§ ".-=:{> ,\L
;

{Feature (Sketch9)

% Fillet

Modify the Rear Wing 111
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Zoom in on the rear wing.
4 Modify the Height of the Rear

Wing. 18
Double-click the 8 text dimension.

Enter 10 in the Modi fy dialog box.
Click the Rebuild [ 8 | tool.

Click the Green check mark in
the Modi fy dialog box.

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

22

Enter 22 in the Modi fy dialog box.

Click the Rebuild | 8 ] tool.

K+

X

Click the Green check mark in
the Modi fy dialog box.

Click OK from the Dimension PropertyManager. View the modified rear

wing dimensions.

Click the Rebuild [ 8 ] tool.
Drag the Rollback bar below VarFillet1 in the
FeatureManager as illustrated.
Click Shaded @ from the Heads-up View toolbar.
6 Save the model.
Click Isometric | @ | view from the Heads-up View toolbar.

Click Save from the Menu bar toolbar.

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

Click Yes to rebuild.

Calculate the new Mass

e @ Balsa Elock

Screw Eye Slot

COZ Cartridge Hole

; Axle Hole Cut Qut

.’ Cut-Extrudel

[ Cub-Extrudez

[ Cub-Extruded

1+ @ Boss-Extrudel

= @ Boss-Extrudez
k& sketcha

7] Filet1

] Filetz

] varFillet1 &\

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.

112 Calculate the new Mass



SolidWorks

Engineering Design and Technology Series

1 Apply the Mass Properties tool.

Click the Evaluate tab.

Click the Mass Properties tool from

the Evaluate toolbar. The Mass

Lesson 5: Analysis

B SolidWorks jj Fle Edt vew msert T4
LT q
% @ 8 i
Interference  Clearance Hale Measure /¥ Mass
Detection  Verification  Alignment Properties

Properties 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
approximately 55.31grams vs.
54.98.

Click Close from the Mass
Properties dialog box.

Explore design changes to your
Race Car assembly. Make
sure that your final
configuration 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.

Apply the Measure tool

Assembly | Layout | Sketch | EvaiEate| Office Pr

Mass/Section Property Options g|

Units
[ Scientific Motation
() Use document sattings

’v:a_! lUse custom settings

/ Length: Decimal
vameters v |1
Mass! .
igramﬁs | r]
Per Uit

(milimeters ™3 [« I

= :
5% Mass Properties

Print... ] [ Copy ] [ Close ] [ Options... ] [ Recalcul

ate

Output coordinate syskes

Selected items:

A

Include hidden bodiesfcomponents
Show output coordinate system in corner of window

|:| Assigned mass properties

Mass properties of Race Car { Assembly Configuration - Default )

Qutput coordinate System: -- default --

4+—

Yolume = 202853, 1741 cubic milimeters

Mass = 55,3109 grams

Surface area = 61930.2538 milimeters™2

Center of mass: { milimeters 3
# = 0.0006
¥ =12.1605
£=199.0125

Principal axes of inertia and principal moments of inertia; { grams * square
Taken at the center of mass,
Ix = (0,000, -0.0400, 0,9992)
Iy = {1,0000, -0,0000, -0,0000}
Iz = (00,0000, 09992, 0,0400)

P = 28704.2
Py = 208540
Pz = 227449,

Moments of inertia: { grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate syster
L = 208540,2925 Lxy = -0.1465 Lxz = 0.7795
Ly = -0, 1468 Ly = 2271321361 Lyz = -7937.;
Lzx = 0.7795 Lzy = -7937.3175 Lzz = 29021,

Moments of inertia: { grams * square millimeters )
Taken at the output coordinate system,

< | >
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Apply the Measure tool.

Click the Measure tool from the Evaluate
toolbar. The Measure — Race Car dialog box is
displayed. Expand the dialog box if needed.

Right-click Clear Selections in the Selections

box.

Click Top |&@| view from the Heads-up View

toolbar.

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 displayed.
Measure the height of the rear
wing.

Right-click Clear Selections in
the Selections box.

Click Right [&] view.

Click Hidden Lines Removed
from the Heads-up View toolbar.
Click the bottom edge of the rear
wing.

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

Close the Measure - Race Car
dialog box.

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

Click Isometric [ @ | view.
Save the model.

Click Save from the Menu bar toolbar.

SolidWorks

Engineering Design and Technology Series

i B8 B
Clearance Hale Measure  Mass
Verification  Alignment Properties

Layout | Sketch | Evaluate | Office Pro
&8 - o[ Lv B~

Race Car.5LDASM

: Clear Selections F =l

»

Ed; i1
Edge <3=@Race Car Block-1

The two selected items are parallel, j
Mormal Distance: 23.09mm

Distance: 23.09mm

Delea #: 0,00mm

Delka 2 7.00rmm

Delta 2! 22.00mm

Tatal Length: 75mm j

Mormal Distance: 10mm
Distance: 10.20mm
Delta ¥: 0.00mm

Delta ¥: 10.00mm
Delta Z: 2.00mm

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

Apply the Measure tool
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Stress Analysis of the Axle

In this section, you will use SolidWorks
SimulationXpress™ 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
six steps required:

1. Set the default units and specify a
folder to save the analysis results.

1 SimulationXpress FloXpress DFMXpress Drive\WorksXpress
Apply FIXtureS' Analysis Wizard  Analysis  Analysis Wizard
Apply Loads Wizard Wizard

Apply Material.

Run the analysis.

Optimize the part - (Optional).

View the results.

After performing a first-pass analysis on the Ax1e—A part and assessing its safety,
you will change the material and rerun the analysis.

Al

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

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. SolidWorks SimulationXpress™ uses linear static analysis,
based on the Finite Element Method (FEM), to calculate stresses.

Stress Analysis of the Axle 115
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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

116

SolidWorks SimulationXpress guides you through six steps to define material
properties, restraints, loads; to analyze the part; optimize the part; and to view
your results. The SolidWorks SimulationXpress 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.

Fixtures tab: Apply fixtures to faces of the part.
Loads tab: Apply forces and pressures to faces of the part.

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

Run 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
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Update button: Runs
SolidWorks
SimulationXpress analysis
if the fixtures and loads
are resolved. Otherwise, it
gives a message and you
need to resolve the invalid
fixtures or loads. It also
appears if you change
material properties,
fixtures, loads, or
geometry after completing
the analysis.

Analyze the Axle-A Part

Browse to the downloaded
Analysis folder and open
the Ax1e—-A part in this

« SolidWorks SimulationXpress 39 4« SolidWorks SimulationXpress $9

ES
b

section. % =
Perform a stress analysis Ay = =
y LA | \eicome to Soiidworks i B
on the Axle-A part. &/ | simulationXpress. S| (2 oo
: o =
The Axle-A part 1S a re- b= | Simulationxpress helps you —
. = predict how a part will perfarm :‘_
named part Of Axle that 1S ? under load and helps you detect e
. B potential problems early in the |
used m the Race Car (57| | design cycle. g Apply fixtures to keep the part
assembly. B _ _ B fram maving when loads are
—— | In Simulationxpress, you apply —— | applied.
loads and fixtures to your part,
specify its material, analyze the Warning: Faces with fidures are
part, and view the results. All of treated as perfectly rigid. This
this infarmation is included in can cause unrealistic results in
the Simulation study. the vicinity ofthe fdure.
Examples:
Mote: Mast analysis problems
require a comprehensive i Hiaias

analysis product for moare
accurate and complete real-
world simulations befare final
sign-off on a design.

Fixed ws. Supported
Fixed vs. Attached Parts

Mote: Mare flexible fidure types
are available in SolidWorks

Click here for your free onling Sirnulation Professional.

training on Solicorks Simulation
fundamertals.

@ Options

&3 Add afidure

a P @ Back B Start Over

Analyze the Axle-A Part 117
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1 open the AXIe-A part. ‘ﬂg Lok in: i_&)AnaIysis Z: 0 ‘ﬂ‘ o El.
Click Open from the s ;i':i;x'f e
Documents 8
Menu Bar toolbar. ~ 1:mﬂmmpm
Select the folder in which veitie Maroaamomn
you downloaded the Analysis _
<
fOlder‘ My Documents
Set Files of type: Part. o s EENGE *'] [ Dpen l;}
Files of type: \Par t [ prt " sldprt) | Cancel
Double-click Axle-A. The
Axle-A part is displayed in
the graphics 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 % SR »

properties are displayed in the Materials

dialog box.

118

% Axle-a (Default< <Default>_Display State 1

(3] sensors

=] _| Annaokations

@ Front __3____ %}_‘E.E"EFEFL?'.

@ Top R |% nfigure Material

% Right| Remove Material

L, origir Manage Favorites
[+ @ Bioss-

Analyze the Axle-A Part
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"
Material
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= IE/ Solidworks Materials
) IEI Steel
& [EI Iron
= EI Alurminium Alloys
§= 1080 alloy
4= 10e0-H12
1060-H1 2 Rod {55)
1060-H14
1060-H16
1060-HLE
1060-H18 Rod {55)
1060-0 {55)
1100-H12 Red (55)
1100-H16 Rod (55)
= 1100-H26 Rod (55)
= 1100-2 Rod {55)
= 1345 Alloy
1350 Alloy
= 201,0-T43 Insulated Mold Casting (55}
!E 201.0-T6 Insulated Mold Casting (55)
§E 201.0-T7 Insulated Maold Casting (55)
3= 2014 Alloy
3= 2014-0
3= 2014-14
3= 2014-T6
A= 2018 alloy
=
3= 2024 allay (5N)
§= 20240

|

I%

Properties I.Appearance [ crossHateh | Custam | Application Data | Favorites |

IMaterial properties

Materials in the default library can not be edited, You must first copy the material ko
a custom library to edit it

51 -mim~z (pa) v
| |
\ |
| |
Propetty |Va\ue Units: |
Elastic Moduluz T 3e+010  Mim2
Poiszons Ratio 033 A
Stear Modulus 2824010 M2
Density 2800 kg’
.T'anslle S{ré‘néﬂ‘h .1'88-1'2'SEIUEIII N‘rm"‘z“
Compressive Strengthin ¥ N2
Yield 'E'.iren'gth : 2
.The;r_'mai Ex‘p‘a‘nslo‘n boé_ff‘lc‘\e‘nt
.The;r'mai C'ondui::h\frt'y; .1’4'1E'| W.f(vﬁ-k)'
Specific Heat 500 Sk
Watarial ba‘vﬁp‘lng Ratln_ | : NIFA

[ Apply ] [Cluse ] [Cunﬁg...] [ Help ]

Note:

4 Return to the FeatureManager.
Click Close from the Materials dialog box.

Analyze the Axle-A Part

The 2024 Alloy material properties are used in SimulationXpress.
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SolidWorks SimulationXpress

Once the part is open in SolidWorks, you can launch the SolidWorks
SimulationXpress 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 SimulationXpress and their units
in different systems of units:

SI English (IPS) | Metric

Loads Force N (Newton) Ib (pound) Kgf

Pressure N/m? psi (Ib/in®) | Kgf/em?
Materia} Ex: Elastic N/m? psi (Ib/in?) Kgf/em?
Properties modulus

NUXY: No units No units No units

Poisson’s

ratio

SIGYLD: N/m? psi (Ib/in?) | Kgf/em?

Yield

Strength

DENS: Mass | Kg/m? Ib/in® Kg/em?

density
Results Equivalent N/m? psi (Ib/in?) Kgf/cm?

Stress

Table 1: Systems of units used in SimulationXpress

120 SolidWorks SimulationXpress



SolidWorks

Engineering Design and Technology Series

Running SimulationXpress and
Setting Analysis Options

1

Tip:

Run SolidWorks
SimulationXpress.

Click Tools, SimulationXpress from

the Menu Bar menu.

The SolidWorks SimulationXpress
application starts with the Welcome

tab selected.

You can quickly run
SimulationXpress by clicking

SimulationXpress 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).

Setthe Results locationto
the Analysis folder.

Click OK.
Click Next.

SolidWorks SimulationXpress

Lesson 5: Analysis

| Touls | Window Help & | _|_'|

Solidworks Explorer. ..
Driveworksypress, .,
DFMZpress...

Simulationpress. . €——

Flo¥press, ..

SHYCOE

Sustainability. ..

r3

Defeature...

w5
(=]

Results location:

Mote: Mast analysis prablems
require a comprehensive
analysis product far mare
accurate and complete real-
world simulations befare final
sign-off on a design.

Click here for your free onling
training on Solichorks Simulation
fundamertals.

B nent

Analysis Wizard

= @
SimulationXpress FloXpress DFMXpress Drive\WorksXpress
Analysis
Wizard

Analysis Wizard

Wizard

SimulationXpress Options

Syskem of units: ;S.i

[ 5how annatation For mazximum and minimum in the result ploks

C:.'i,-Documents anEI. Settings.'i,l-'np.llanc.ﬁarci;l;My I:

[ o '_]\[ cancel |

.o | <Solidworks SimulationXpress &

Welcome to SolidWorks
SimulationXpress.

Simulationxpress helps you
predict how a part will perform
under load and helps you detect
potential problems early in the
design cycle.

EEEAEEE

In Simulationxpress, you apply
loads and fixtures to your part,
specify its material, analyze the
part, and view the results. All of
this information is included in
the Simulation study.

Note: Most analysis problems
reguire a comprehensive
analysis product for more
accurate and complete real
wiatld simulations before final
sign-off on a design

Click here for your free online

training on Solidyyorks Simulation
fundamentals.

a Options

—» B next
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Applying a Fixture

1

Note:

122

Apply a fixture.

SolidWorks

Engineering Design and Technology Series

The Fixtures tab is activated. The Fixture section
collects information on where the Ax1e-2 part is
fixed. You can specify multiple sets of fixtures. Each

set can have multiple faces.

Click the Add a fixture button. The Fixture

PropertyManager is displayed.

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

Click the left face of the Ax1le-
A part as illustrated.

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

Click OK |¢ | from the

Fixture PropertyManager.
View the updated Study tree.

To add a new fixture set, click the
Add a fixture button.

Fixed Geometry: []

Apply fidures to keep the part
from moving when loads are
applied.

Warning: Faces with fidures are
treated as perfectly rigid. This
can cause unrealistic results in
the vicinity of the fidure.
Examples:

Fixed Holes

Fixed ws. Supported
Fixed vs. Attached Parts

Mote: Mare flexible fidure types
are available in SolidWorks
Simulation Professional.

%’ﬂ fixture

@ Back

E Start Over

Q% Axle-a (Default<Copy of <Defau
(7] sensars
[+ |A_| Annotations
3= 2024 Alloy
% Front Plane
% Top Plane
%> Right Plane
I.. Crigin
[+ @ Boss-Extrudel

= _EX
(0~
Q* Simulation¥press Study {-Default-)
@ Axle-A
= g:\sFixtures
38 Fixed-1

gj External Loads

b3

Standard (Fixed Geometry) #

@ irlFace<1>
IF

SolidWorks SimulationXpress
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Applying a Load
Using the Loads tab, you can specify

the loads acting on the part. A load
can either be a force or a pressure.

You can apply multiple loads to a
single face or to multiple faces. The
direction of a force can be specified
with respect to planes or normal to
selected faces. The pressure is always
applied normal to selected faces.

Applying a Load

Lesson 5: Analysis

*

<« SolidWorks SimulationXpress Q

EROTEEE

#

|1 Fistures v
2 Loads

To simulate the loading on yaur
part, you apply forces,
pressures, or both. Examples

Warning: These |oads are
assumed to be uniform and
constant. ihat does this mean?

Add aforce

a Add a pressure

k3l Back E Start Over
=R = REAR
v X = ¢ X &
Type #

Force A

|

(&) Normal
() selected direction

L[ v

[Creverse direction

@ Per item

E| ISI hd

Mormal ko selected
® face

o) Use reference

geornekry
I

Pressure Yalue A
E| Mim~™~2 "3

v jmez

[Creverse direction
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Applying a Load

124

1

Apply a load.

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.

Select a load type.
Click Add a force. The Force
PropertyManager is displayed.

Select the face to which the
force is applied.

Click the cylindrical face of the
Axle-A part.

Face <1> is displayed.

SolidWorks

Engineering Design and Technology Series

Mote: More flexible fixture types are available
in Solidwaorks Simulation Professional

Add a fidure

Edit an existing fixture
2y
kg mack

5] start ver

1 Fixtures v
2 Loads

To simulate the loading on yaur
part, you apply forces, pressures,
or both.E

Warning: These loads are
assumed to be uniform and
constant. what does this mean?

Add iforce

a Add a pressure

@ Back @ Start Over

Boss-Extrud

Applying a Load
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4 Specify the
direction and
magnitude of the

pr— o —% Axle-A (Default<
% |@ |§ Q e ] sensors

?

TI_:I Annaotations

force ,,5? ® = 35 2024 Alloy
" [—%3% Front Plane
Click the Selected [Type| [ Tap Pl
. . T3¢ Right Plane
direction box. s o [ ow
Chck TOp Plane @ Eataets +@ Boss-Extrudel
from the fly-out
FeatureManager.
O Mormal
C.heCk. the Reverse (®) Selected direction
direction box. The [
force arrows point S
downwards. Total
5 Apply a Force. Units A
Enter 1N. B [st |4
Click OK [#] from I
the Force .
¥ |Reverse direction
PropertyManager.
View the updated
Study tree.

Mormal to Plane (M):

Fiikd
Q* SimulationXpress Study {-Default-)
: @ Aixle-A
Bg:f Fixtures
8 Fived-1
= @ External Loads
oL Force-1 (Per ibem: -1 N2

Applying a Load 125
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6 Assign material to the

part.
Click Next.

The Material tab opens.

SolidWorks

Engineering Design and Technology Series

-

3

e

G0l
t

Lt]m)]

|

« SolidWorks SimulationXpress 59

o3

<« SolidWorks SimulationXpress Q

Ead
1 Fixtures V4l ﬁ 1 Fistures W
2 Loads v &i| | | 2 Loads v
3 Material = '3 Material

@ * It

e
To simulate the loading on your .li There is no material assigned to
part, you apply forces, bq this part.

pressures, or both. Examples

Warning: These |loads are
assumed to be uniform and
constant. ihat does this mean?

a Add a force

@ Add a pressure

a Edit an existing force ar

pressure
&g
@ Back

Ei Start Over

Simulationxpress requires the
part's material to predict how it
will respond to loads.

@ Choose Material

Warning: Simulationxpress
assumes that the material
deforms in a linear fashion with
increasing load. Monlinear
materials {(such as many
plastics) require the use of
Simulation Premium.

@ Back @ Start Over

Applying a Load
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ASS i g n i ng Materi al w <« SolidWorks SimulationXpress $9
The response of the part depends on the material it ®
is made of. SimulationXpress must know the A e 7
elastic properties of the material of your part. You || 2 Loaos y
can pick a material from the SolidWorks material = | A
library or define your own material properties. | 5
SimulationXpress uses the following material £
properties to perform stress analysis. »g e e

is part.
Elastic Modulus (EX). For a linear elastic Lo :

R A X . imulationxpress reguires the
material, the elastic modulus is the stress required part's material to predict how it
¢ .t t .. th t . 1 I th will respond to loads.

0 cause a unit strain in the material. In other
words, stress divided by the associated strain. The €3 choose waterial
modulus of elasticity was first introduced by o

. Warning: Simulationxpress
Young and is often called the Young’s Modulus. Rt

eforms In a linear rasnion wi

Poisson’s Ratio (NUXY). Extension of the L
material in the longitudinal direction is Poetl 0 I e
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 3 pack &) startover

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). SimulationXpress uses this material property to
calculate the factor of safety distribution. SimulationXpress 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 SI system. SimulationXpress uses the
mass density to include mass properties of the part in the report file.

Assigning Material 127
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Assigning Material
1 Assign Material to the part.

Click Choose Material. The Material dialog box is

displayed.
Select 2024 Alloy.
Click Apply.

Click Close. View the updated Study tree. A green
check mark indicates that material is applied to the part.

2 Run the analysis.

Click Next. The Run tab is displayed.

SolidWorks

Engineering Design and Technology Series

Simulationxpress requires the
part's material to predict how it
will respond to loads.

@ Chiose M aterial

Warning: Simulationxpress
assumes that the material
deforms in a linear fashion with
increasing load. Monlinear
materials (such as many
plastics) require the use of
Simulation Premium.

@ Back E Start Over

= é‘ Aluminium Alloys
3= 1060 Alloy
3= 1080H1Z
3= 1060-H12 Rod (55)
3= 10e0-H14
3= 1060-HiE
3= 1060-H18
3= 1060-H18 Rod (55)
3= 1060-0(55)
3= 1100-H12 Rod (55)
3= 1100-H16 Rod (55)
3= 1100-H26 Rad (55)
3= 1100-0 Rod {55)
3= 1345 Alloy
3= 1350 Alloy
§E 201.0-T43 Insulated Mold Casting (550
;E 201.0-Té Insulated Mold Casting (557
§§ 201.0-T7 Insulated Mold Casting (55)
3= 2014 Alloy
3= 2014-0
3= 201414
3= 201418
3= 2018 Alloy
3= 2024 Aoy (Sh)
3= 20240
3= 2024-13
3= 2024-1361
3= 2024-14

Ll

Properties | Favorites |

Material properties
IMaterials in the default lbrary can not be edited. You must first copy the material ko
acustom library ko edit it,

|51 - Mjm~z (Pa) v

Property ‘Value Units
Elastic Modulus T3e+010  Rim"2
Foissons Ratio 033 [
Shear Modulus: 2824010 Mim™2
Density 2800 kgim™3
Tensile Strenath 186126000 Nin"2
Cumpressivé Strength in X Tim"2
Yield Strencth FEEZGI00  Nins2
Thermal Expansion Coefficient 2.3e-005 s
Therma\‘canducﬂvﬂy 140 WK
Spec\iié Heat 800 Jikg W)
Material Damping Ratio T
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T ]
Q* SimulationXpress Study {-Default-)
: @ el i
= g:fFixtures
3 Fixed-1
E i| External Loads
4 Force-1 (:Per item: -1 M:)
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Running the Analysis

The Analyze tab allows you to
run the analysis.
SimulationXpress prepares the
model for analysis and then
calculates displacements, strains,
and stresses.

The first phase in the analysis is
meshing. Meshing is basically
splitting the geometry into small,
simple-shaped pieces called
finite elements.

Design analysis uses finite
elements to calculate the model’s
response to the applied loads and
restraints. SimulationXpress
estimates a default element size
for the model based on its
volume, surface area, and other

Lesson 5: Analysis

X

FEDEEEE

<« SolidWorks SimulationXpress 29

*

< SolidWorks SimulationXpress &

1 Fiures
2 Loads
3 Material
4 Run

L4848

Your model is ready to solve!
*You can solve with the default
settings or adjust thern to better
suityour needs.

a Change settings

[ Run Simulation

3 mack (5] start over

EEI

1 Fixtures
2 Loads

3 Material
4 Run

5 Results

L4848

Examine the animation of the
part's response to verify that the
correct loads and fidures were
applied.

Warning: Ifthe loads and fixdures
are incorrect, the results ofthe
analysis will not be accurate.

[ Piay animation

ILd stop i\-ﬁlmanon

Does the part deform as you
expected?

a Yes,continue

[ Mo, retum to LoadsiFidures

@ Back @ Start Over

geometric details. You can instruct SimulationXpress to use the default element
size or you can use a different element size.

After meshing the model successfully, the

second phase starts automatically.
SimulationXpress 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

Nodes§§

displacements in the X, Y, and Z directions

at each node.

A 3D Element:

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

Running the Analysis
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Running the Analysis

1

Use the default settings.
Click Run Simulation. View
the results and the updated
Study tree.

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

mark is displayed on the Run
and Results tab. View the
animation of the part in the

graphics area.
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SimulationXpress Study

Solving:

*

EIEF IR

<« SolidWorks SimulationXpress Q

#
|1 Fistures o
|2 Loads v
3 Material v d
|4 Run

@ Back

Your model is ready to solvel

fou can solve with the default
settings or adjust them to better
suityour needs.

a Change settings

@ Run Simulation

@ Start Over

Memory Usage: 17,528k
Elapsed Time:1s

Always show solver status when you run analysis

Pause

J

Cancel ] [ Moresz

Running the Analysis
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2 Stop the animation.
Click Stop animation.

Running the Analysis

Lesson 5: Analysis

E Flay animation

Q Stop @nimation

Does the part deform as you
expected?

Yes cantinue

@ Mo, return to LoadsiFixdures

% Axle-a (Default < <Default=_Displ
I_ﬁl Sensors
[+ |A_| Annotations
3= 2024 Alloy
% Front Plane
& Top Plane
%> Right Plane
I.. Crigin
& @ Boss-Extrudel

<) e g
T
(f’ SimulationXpress Study {-Default-)
[ avde- (2024 Alloy-)

= g:fFixtures

3 Fixed-1
= g External Loads

4 Force-1 (:Per item: -1 M:)
SB[ SResults
% @ Stress (-vonMises-)

. ﬁl Displacement {(-Res disp-1

& Deformation {-Displace

@ Factor of Safety {-Max vor

131



Lesson 5: Analysis

Viewing Results

Viewing results is an essential step in the
analysis process. This is the step in which you
evaluate how good your design is at
withstanding the specified working conditions.

This step should lead you to make important
decisions about whether to accept the design and
move to prototyping, make further
improvements on the design, or try additional
sets of loads and fixtures.

SimulationXpress 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. SimulationXpress 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:

132

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 ata
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.

SolidWorks

Engineering Design and Technology Series

s ? ~
u‘.i* SimulationXpress Study {-Default-)
8 axle-a (2024 Alloy-)
= g:\gFixtures
3 Fixed-1
=) _i_] External Loads
4 Force-1 (iPer item: -1 M)
= \_| Results
@ Stress {-vonMises-)
ﬁl Displacement {-Res disp-)
@ Deformation {-Displacement-)

@ Factor of Safety {-Max von Mises Stress-))

Does the part deform as you
expected?

@ MBS ci.%tinue

@ Mo, return to LoadsiFixdures

@ Back

@ Start Over

Results

@ Showe van Mises stress
@ Show displacement

Show where

factor of safety
& (FOS) is 1

helow:

Baszed onthe specified
parameters, the lowest factor of
safety(F OS] found in your design
is54.1493

Use these controls to view the
animation.

@ Flay animation
Q Stop animation

@ Dane viewing results

@ Back @ Start Over

Viewing Results
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Viewing the Results

1

View the results.
Double-click the
Stress
(vonMises-)
Results folder. View
the results.

Double-click the
Displacement (Res
disp-) Results
folder. View the results.

Double-click the
Deformation (-
Displacement-)
Results folder. View
the results.

Double-click the
Factor of Safety
Results folder. View
the results in the graphs
area. The Axle-A part
is displayed in blue.
Blue is displayed were
the FOS is greater than
1.

Click Yes continue.

Viewing Results

Lesson 5: Analysis

(0~
Q* SimulationXpress Study {-Default-)
8 axle-a (2024 Alloy-)
= g:fFixtures
8 Fixed-1
= i] External Loads
4 Force-1 (iPer item: -1 M)
= E] Results
. @ Stress {-vonMises-)
w Displacement {-Res disp-)
& Deformation {-Displacement-)

@ Factor of Safety {-Max von Mises Stress-))

won Mises (Nm®2 (MPa))
1.400
I 1284
L1187
_ 1081
. 0934
L 0E7
. o7m
| 0584
| 0465

L 0.351

0235
0118
0.001

— ield strength: 75,829

Model name: Axle-2

Study name: SimulationHpress Study
Plat type: Static nodal stress Stress
Deformation scale: 4367 49

Does the part deform as you
expected?

a ST @ntinue

Mo, return to
LoadsiFixures

@ Back @ Start Over
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The factor of safety of the Ax1e—-A part is
approximately 54.14. This indicated that the
current design is safe or over-designed. Note:

Results

a Showe van Mises stress

Your number may slightly be different. EJ show displacement

2 Modify the factor of safety. Show where
Enter 10 in the S}Ilow where factor of 8 E?gosr)?ésafew G
safety (FOS)is below box. below:

Click the Show where factor of safety 5 .
ased on the specified
(FOS) is below box. pararneters, the lowest factar of

safetyiF OS] found in your design
i554.1493

Use these controls to view the
animation.

E Flay animation
Q Stap animation

@ Done viewing results

@ Back @ Start Over

The following plot is
. . . Model name: Axle-2
dlSplayed. Reg]Ol’lS mn blue Study name: SimulstionXpressStudy
Plat type: Factor of Safety Plotd
have factors of safety greater | |crerion: bax von Mises stress
. 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.

Click Done viewing
results.
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Ru n n | ng a Report 4« SolidWorks SimulationXpress 59

SolidWorks SimulationXpress provides the ability %
save a report of your results or to generate an

b8

eDrawing file. This ensures the information is well 2 Ez?dr: S :?

documented for future work on this or similar 3 Material v
. 4 R

projects. o :?

5 Results
1 Do not run a report or generate a report at this —
Saving a report of your results

time.

: ensures the information is well
Cth NeXt- documented for future work on
this or similar projects.

FERDEEEE

Note: As an exercise, create a report.
Choose hetween these two
report methods:

a Generate repart

@ Generate eDrawings file
B newt €—

@ Back @ Start Over

Running a Report 135
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Optimizing the Model

136

w < SolidWorks SimulationXpress 59
SolidWorks SimulationXpress tries to find the %
optimal value for one model dimension while a _
. . . . . | 1 Fixtures
satisfying a specified criterion: (&8l | |2 Loads :?
| | 3 material vy
m  Factor of Safety = | R <
m  Maximum Stress 3ol |5 Resuits |
. . & || 6 Optimize
m  Maximum displacement (|
L
”53;’ Optimize Your Design
You can either input your desired Factor of Safety SUALIEUREAEE I
A : the aptimal dimension for most
or allow SimulationXpress to calculate Factor of features in your Solidiorks
. . . R model based on your simulation
Safety based on Min and Max dimension limits. resuls.
Wiould you like to aptimize yaur
madel?
* Yag
Mo
& o
@ Back E Start Over
Variable View | |
Optlm\ZEtan
1= Yarlables &
| Click here to add Variables vl
= Constraints
[ Glick hete te adid Constraints |
=) Goals
|Mass Minimize
3
¢ 5
[E_SimulafionXpress Study | Biw DesignXpress Study [

Optimizing the Model
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« solidWorks SimulationXpress &

Optimizing the Model

A

1 Optimize the model.

Accept the default value. Click @ [ oures v

N eXt E 2 Loads vl
. f‘g 3 Material W

Click the 3mm diameter : ;:;ﬂts :;

dimension as illustrated in the E il

graphic arca. % Optimize Your Design

Simulation¥press can identify

Clle OK frOIn the Add the optimal dimension for most
. features in your Solidiwiorks
Parameters dlalOg bOX model based on your simulation
results

Accept the dimension range: Min:

Wiould you like to optimize your

1.5mm - Max: 4.5mm. Click Next. mode!?
* Yeg

Do not Edit a dimension at this “ e

time. Click Next. 5] g

g Back E Start Over

<94

£

Select a model dimenzion to uze in the optimization.

Model dimension: T Sl |
_—P QK ] [ Cancel ] [ Help

(£ Editthe dimension

2y

@ Back @ Start Over

@ Editthe constraint @ Edit the dimension range
By ||oy
@ Back @ Back @ Start Qwer
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Specify a constraint for the
optimization design study.
Specify the minimum Factor
of Safety. Click Specify the
constraint.

Select Factor of Safety from
the Constraint drop-down
menu. View the results.

To optimize your design:

Third, specify the constraint for
the optimization design study.

Specify the minimum Factor of
Safety, the maximum Stress or
the maximum Displacement to
define the constraint. The
dimension value that vields the
modelwith the lowest mass
while respecting this constraint
is the optimal value.

Click Next.

E Sgﬁcimthe constraint

@ Back

Enter 10 in the Min: column
as illustrated.

Click Next.

Q Start Crver

Variable Yiew | |

Click Run the optimization.

=l Variahles

D1 5ketcht (0.003) |Range
Cifck here to add lVariables b

=l Constraints

Max Dispiacement
Max Stress

[Select which constraint ko use and define

the walue For the selected constraint, jss Minimize
Variable Yiew | |
Run
=l Variahles
T
[l Sketchl (0.003) |Range Min: 1.5mm :
Click here to add lrariables hd
1= Conztrairts
Factor of Safety  |lz grester than hdin: 1D| %
Click hete to add Constraints v|
@ Ru%the optimization
B nent
@ Back @ Start Over
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View the results.

Note: As an exercise, click the Run
tab, and re-run the analysis
using the new values.

2 Close all models.
Click Window, Close All
from the Menu bar menu. You
are finished with this section.

Optimizing the Model

Lesson 5: Analysis

Variable View Resuls Yiew |
Initial | Optimal
D1 Sketchi 3mm 1.810082rmrm
Factor of Safety |54.149263 11.677001
Mass 3.63429e-007 kg |1.286652-007 kg

Displaying the results of the
optimization as well as the
initial model.

Which dimension value would
yau like to use for the model?
" Initial ¥alue 3.00005mm) ,
Factor of Safety{ 53.2543)
* Optimal Value
1.81008mm) , Factor of Safety
{11.677)

(&3 Editthe dimension
(& Editthe constraint
@ Run the aptimization
.

@ Back g Start Over

SolidWorks SimulationXpress [

SolidWorks SimulationXpress &

1 Fixtures
2 Loads
3 Material
4 Run

5 Res’\{t')a

6 Optimize v

AR

The results are now out of date
because study parameters
have changed.

You must rerun the study to
update the results.

@ Back @ Start Over

1 Fixtures

2 Loads

3 Material

4 Run

5 Results

6 Optimize

LASK8S

Optimization Results

Displaying the results of the
optimization as well as the
initial maodel.

Which dimension value would
yau like to use for the model?
@ |nitial Walue 3.00005mm) ,
Factor of Safety{ 53.2543)
" Optimal Yalue
1.81008mm) , Factor of Safety
{11.677)

[ Editthe dimension
] Editthe constraint

@ Run the aptimization

B nent

@ Back @ Start Over
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SolidWorks Flow Simulation

Note:

During this lesson, you will use SolidWorks Flow Simulation to analyze the
aerodynamics of the initial Race Car Block assembly and the final Race Car
assembly. Think of SolidWorks Flow Simulation as a virtual wind tunnel in this
section.

The initial Race Car Block assembly configuration was created for you to save
time and is located in the Flow Simulation folder which you downloaded.

What is SolidWorks Flow Simulation?

SolidWorks Flow Simulation is the only fluid flow analysis tool for designers that
is fully embedded inside SolidWorks. With this software you can analyze the solid
model directly. You can also easily set up units, fluid type and fluid substances
and more by using the wizard.

There are several steps to the analysis:

1. Create a design in SolidWorks.
SolidWorks Flow Simulation can analyze parts, assemblies, sub-assemblies
and multi-bodies.
2. Create a project file in SolidWorks Flow Simulation.
SolidWorks Flow Simulation projects will contain all the settings and results
of a problem and each project that is associated with a SolidWorks
configuration.
Run the analysis. This is sometimes called solving.
4. View the SolidWorks Flow Simulation results which include:
Results Plots:
- Vectors, Contours, and Isolines
- Cut Plots, Surface, Flow Trajectories, and Isosurfaces
Processed Results:
- XY Plots (Microsoft Excel)
- Goals (Microsoft Excel)
- Surface Parameters
- Point Parameters
- Reports (Microsoft Word)
- Reference Fluid Temperatures

|98)

Fluid Flow Analysis

140

Fluid flow analysis is used to dynamically study the action of liquids such as
water and oil, or gases such as hydrogen, oxygen, air, etc. The simulation of a
weather report, tsunami information or auto traffic are phenomena of fluid flow
analysis.

SolidWorks Flow Simulation
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The benefits of fluid flow analysis are energy conservation and heat transfer.

Energy Conservation: The overall stress load of an engine can be lessened
by analyzing its structure and weight, while a fluid flow analysis can gather
combustion efficiency data to improve the power output.

Heat Transfer: Refers to the physics of the exchange of energy in the form of
temperature. For example, in a nuclear reactor, the radioactive degradation does
not directly produce electrical energy. It is the heat energy which is transmitted
into water to produce steam which drives the turbines to produce electricity.

Fluid flow analysis is used in many fields of the manufacturing industry:

m Aerodynamic design and machine
Fans and power generating windmills
m Cooling and heating
Predicting the potency of a temperature transfer
m Fluid centered machines
Pumps, compressors, and valves
m Electrical devices
Personal computers and exothermic measurements of precise electrical
devices
m Transport machinery
Cars, ships, and airplanes (engines are another)

Why Do Design Analysis?
After building your design in SolidWorks, you may need to answer questions like:

m  Will the part run quickly?
m  How will it handle air resistance?
m  Can I 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. 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 the study of many design
options and aids in developing optimized designs. Quick and inexpensive analysis
often reveals non-intuitive solutions and benefits engineers by allowing them to
better understand the product’s behavior.

SolidWorks Flow Simulation 141
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Check Before Using SolidWorks Simulation Flow

Check is see if SolidWorks Flow Simulation
.. Active Add-ins |startup |
201 1 SOftWare 18 lnStaHed' = SolidWorks Premium Add-ins
. . 13 30 Instant Website El
Click Tools, Add-ins... from the Menu bar D] cireuitworks 0
[ &8 Featurevarks El
mend. 1€ Photoview 360 O
. . . DFJIH ScanTo3D [
Check the SolidWorks Flow Simulation [t scidworks Design Chedler O
2011 box. ] salidwiorks Mation O
] salidwiorks Routing O
Click OK from the Add-Ins dialog box. [ soldiiorks Simuiation g
[0  solidwarks Toolbox O
. : : : : : [T salidwarks Taclhax Brawser El
Note: The Flow Simulation tab is display in the Dl scicworks Utikies o
CommandManager with an active document. | [C__Ssiidworks workaroup PoM 2011 O
BT Talnakyst O
Tip: Select tools from the Flow Simulation = SolidWorks Add-ins
[0 Autctrace O
CommandManager‘ [ Solidworks 20 Emulator (|
= Solidiworks Flow Simulation 2011 &
.k Salidwarks MTS O
[ solidwarks %PS Driver El
ol . |
Cod (=] )
@SnlidWorks . File Edit View Insert Tools Flow Simulation Window Help ¥ I D - L}} o Q - L il% v‘ ! =
Sy Wizard ﬁ:l‘j = [ 6 % s 3 |E] s @b @
= ow U e | Fow oz |em  Flow
(3 tew % L smiat...| B ”35 & Smia... B Simiat...
By i : e e %
Features | Sketch | Evaluate | Dimxpert | Office Products | Fﬂg Simutation |
sEEse] - AANWE- D @R-E-
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Let’s Analyze the Initial Race Car Block

1

Open the Race Car assembly from the
Flow Simulation folder.
Click Open from the Menu bar

toolbar.

Browse to the Flow Simulation
folder.

Double-click Race Car. The Race Car
assembly (Initial Block) configuration is
displayed in the graphics area. The Race
Car (Initial Block) assembly
configuration was created for you to save
time.

Lesson 5: Analysis

4

0-BUd--9 -6

B

Sim 2 oy = rk]

Ang Open (Ctrl+0) B
Opens an existing document,

re

Lok inc I {29 Flow Simulation

YO # = [

521

tlriee s
- ;
@ Race Car (Initial Block <Display State
@ Sensors
[+ EI Annotations
< Front Plane

G SolidWorks jj Fle Fdt Vew Insert Tooks FowSmuaton Window Hep ] | O-F-FH-%=-%-8.

2?2 - A X

i L i -
e : [

Design k] o A8 B &7

Study Interference  Clearance Hole Measure  Mass

Detection  Verification Alignment Properties Properties

)

Section  Sensor

Assembly
Visualization

Assembly¥pert | Curvature Symmetry

] & 2]
Compare »
Check | Documents

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

SEEe »
(i

@ Race Car (Initial Block=Display State-&

@ Sensors
# [A] Annotations

Q Front Plang

Q Top Plane

‘<§‘ Right Plane

- I_. Qrigin
- % (F) Race Car Block< 1 (Initial Body,
= Q% (=) Axle<1 = (Axle Long <Display St
= % (=) Axle<2= (Axle Long <Display St
20§ () Wheel <13 (Default <<Default>
#-T§ () Wheel <23 (Defaul <<Default>
-8 () Wheel <33 (DeFaulk <<Default
-8 () Wheel <4 (DeFaulk <<Default
= [ Mates

< | >

AUSAB F-o @R 8-

7.0 00]] Model | Wotion Study 1

Soliditorks Premium 2011

Undler Defined

Editing Assembly [2]

SolidWorks Flow Simulation
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Create a Simulation Flow Project

144

3

Click the Flow Simulation tab from the
CommandManager.

Click Wizard from the Flow
Simulation CommandManager. The
Wizard dialog box is displayed. View
your options.

Configure a project name.
Click the Create new box.

Accept the Configuration name:
Initial Block (1).

Click Next>.

SolidWorks
Engineering Design and Technology Series
Insert Tools FlowSmulaion  Window Help &
B w @ @ & H
-.‘-@ 3 » s  Fow .z
" = I £ Simula...
i Ea - | B8 . 2
Office Products | Flow %im\laﬁon |
L

G SolidWorks || Fie Edt view nsert

|§ Wizard L\\ | 5 fﬁ' 2,
i Flow

[0 New [E s Simulati... -

By y @ %

e Wizard

Create a new Flow Simulation project Office A

| using the Wizard

i !

Configuration

Computational Domail

Compaonent Contral
Fluid subdomains

Rotating Regions
‘ Solid Materials

‘ Boundary Conditions
i Inlet Mass Flow
ﬁ Static Pressure
.: Fans

ﬁ) Heat Sources

. Contact Resistances
a Heat Sink. Simulations|
@ Poraus Media

s
#*
.&t

-
h

HE

Commetits:

Configuration

(%) Create new 4_

() Use curent

Corfigursion name: /wnm Blnck (1] |

Current configuration: |\n|t\al Black. ‘

»
New> | [ Cancel | [ Hep
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Note:

All required analysis data for
this project is saved in this
SolidWorks model
configuration.

Set the Unit System.
Click Sl (m-kg-s) in the
Unit system box.

Click inside the Velocity/
Units box.

Select Mile/hour.

Scroll down to view the
Loads&Motion option.

Expand the Loads&Motion
folder.

Click inside the Force/Units
box.

Select Gram force.
Click Next>.

Gram-force

Gram force is a unit of force,
approximately equal to the
weight of 1-gram mass on
earth. However, the local
gravitational acceleration g
varies with latitude, altitude,
and location on the planet. So
to be precise, one gram force is
the force that a 1-gram mass
exerts at a place where the
acceleration due to gravity is
9.80665 meters per second per
second.

SolidWorks Flow Simulation
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Uit gypsten: 22
Syztem Fath Comment
CGS [cm-g-s) Pre-Defined CGS [cm-g-s)
FPS [ft-lb-s) Pre-Defined FPS [ft-lb-s)
IPS [in-lb-z) Pre-Defined IPS [in-lb-z)
Mk [mm-g-z) Pre-Defined Mtk [mm-g-z)
Sl [m-kio-s) Fre-Defined Sl k-]
LS \ Pre-Defired US4
[ Create new
Parameter Units | Decimal Places | 1.0 Unit S1= |
= hain
Prezsure & stress Fa o 1
velocity sl 9
Mazs 3 1
Lencth Kilometerhour i}
Temperature Mile.l'hour‘— 1}
Physical time gt 9
Footizecond
[+ Geometrical Characteristic Inchizecond
[+ Loads&hiation Yardfzecond ==
+ Heat Centimeterfzecond @
Millimeter izecond
Footiminute
< Back Nq Custom Unit... Help
Length m 3 1
Temperature K 1 o
Physical time = 1 1
[+ Geometrical Characteristic _»
| Loads&hiation
/ Acceleration miz"2 1 1
Force T vo 1
Mazz flove rate 1
Mach number 1
Angular velocity 1 -

< Back

Cunce-farce
Pound-force

Kilopond
Unit sypstem:
System Path Comrmert
LG5 [cm-g-s] Pie-Defined CGES [cmeg-s|
FPS (ft-lb-5) Pie-Diefined FPS [ft-lb-s]
IPS [inlb-3) Pre-Defined IPS [in-lb-g]
MM [mr-g-s] Pre-Defined MMM [rm-g-s)
Sl [rrkg-s) Pre-Defined Sl [m-kg-s]
USa Pre-Defined LISA
[ Create new
Parameter Unitz | Decimal Places | 1.0 Unit S1= | A
Phyysical time E 1 1
[+ zeometrical Characteristic
(= Loads&hction
Acceleration miz’2 4 1
Force b 101 971621
Mazss flovy rate kars 3 1
Mach number 2
Angular velocity radis 3 1
Waolume flow rate m"3is 4 1
Friction coefficient 4 1 w
< Back I Mext » 1 [ Cancel ] [ Help
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6 Set Analysis Type and Physical Features.
Click External as the Analysis type.

Check the Exclude cavities without flow conditions box.
Check the Exclude internal space box.

Select Z for Reference axis.

Note: The Reference axis is chosen so that an angular velocity vector can be aligned
with the Reference axis.

Wizard - Analysis Type

Analysis lpe Conzider closed cavities .)‘i

O Intemal Exclude cavities without flow conditions

f) Esternal Exclude internal space

Physical Festures

Heat conduction in solids
Radiation
Time-dependent

Gravity

Rotation

O00O000Os

e

Reference awis: Dispendency... )_>F

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

Note: An internal analysis examines enclosed flow pathways while an external analysis
examines open flow paths. You would use an internal analysis for something like
an exhaust manifold for an automobile engine.

Click Next>.
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7 Set Default Fluid.
Expand the Gases folder.

Click Air.
Click the Add button.

Tip:  You can also double-click Air, or drag and drop it from one list to the other.

Wizard - Default Fluid

Fluids Path ~ Mew...
= Gases | 1
Acetone Pre-Defined
Ammaonia Pre-Defined
Argon Pre-Defined
Butane Pre-Defined il
Carbon dioxide Pre-Defined
Chlorine Pre-Defined
Ethane Pre-Defined
Ethanaol Pre-Defined
Ethylene Pre-Defined
Fluaring Pre-Defined i k‘m
Project Fluids Default Fluic | Remove
Défault fluid type | Gazes ! Real Gazes [ Steam
Air [ Gazes )
viyater [ Liguids )
Floswe Characteristic | MWalue
Flow type .Laminar and Turbulent
Humidity ||
)
[ < Back ] [ Mext » ] [ Cancel ] [ Help ]

Note: SolidWorks Flow Simulation has a database library of several liquids and gases
which is called the Engineering Database. With this database you can create your
own materials.

SolidWorks Flow Simulation can analyze either incompressible liquids or
compressible gases but not both during the same run. You can also specify other
advanced physical features which the program should take into account.

Click Next>.
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8 Set Wall Conditions.
Accept the default values:
Adiabatic wall and
Roughness = 0 micrometer.

Click Next>.

9 Set Initial and Ambient
Conditions.
Double-click inside the
Velocity in Z direction Value
box.

Enter -55 mile/h.
Approximately -24.58 m/s.

Note: The minus sign is important!
It indicates that the air is

flowing towards the car.

In the real world, the car
would be moving through
stationary air. In a wind
tunnel, the car is stationary
and the air is moving. You
can think of this Flow
Simulation example as a
virtual wind tunnel. The car is
stationary and the air is
moving.

Click Next>.
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[ &

Parameter | Walue
Default wall thermal condition Adiabatic weall
Roughness 0 micrometer

[Dependency. ., Q)

< Back ]‘1Next> J[ Cancel ][ Help ]

7

Parameter

e

| Walue

Parameter Definition
[z Thermodynamic Parameters
- Parameters:

+o Pressure

L Tempersture

[zl Velocity Parameters

- Parameter:

- “elocity in % direction
- Welocity in Y direction

e “elocity in Z direction
[# Turbulence Parameters

Uszer Defined

Pressure, tempersture
101325 Pa
2932 K

“elocity
0 miz
0 miz

-55milet ‘_
K

Dependericy... | (%)

[ <Back ]}Awem | [ cancel | [ Heb |
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10 Results and Geometry Resolution.

Lesson 5: Analysis

Accept the default Result resolution of 3. This will yield acceptably accurate

results in a reasonable amount of time.

Wizard - Results and Geometry Resolution

Result resolution

Minimum gap size

[ Marual specification of the minimum gap size
Mirimum gap size reters to the feature dimension

Minimum gap size:

Minimurm wall thickness

Minirum wall thickness:

[ Manual specifization of the minimum wall thickness

Mirimum wall thickness refers to the feature dimenzsion

[[] Advanced narmow channel refinement Optirnize thin walls resclution e

[ < Back ]?Finish ][ Cancel ][ Help

Click the Finish button.

11 View the model in the Graphics
area.
Zoom out to view the
Computational Domain in
the graphics area.

SolidWorks Flow Simulation
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Computational Domain

SolidWorks Flow Simulation
calculations are performed inside a
volume called the Computational
Domain. The boundaries of this
volume are parallel to the global
coordinate system planes. For
external flows, the size of the
Computational Domain is
automatically calculated based on
the size of the model.

In the illustration at the right, the
black box represents the
Computational Domain.

Modifying the Computational Domain

150

1

Why modify the Computational Domain:

Display the Flow Simulation analysis tree
Click the Flow Simulation analysis tree
tab.

Size

We are going to reduce the size of the
Computational Domain in order to reduce # ol
solving time, at the expense of accuracy. A
smaller domain means there are fewer
fluid cells to calculate. Using the default
sizes for the domain could result in solving

times in excess of 1 hour even on a

moderately fast computer. Such solving

times are not practical in a school
environment.

Expand the Input Data folder.

SolidWorks

Engineering Design and Technology Series

@I@II%I@IE%I
W8y Initial Block (1)

= @ Input Daka
@ Computational Domain
Fluid Subdomains

Eﬁ Boundary Conditions

[Flows Simulation analysis tree

= % Resuls
ﬁ Mesh
¥ CutPlats
@ Surface Flots
é Isosurfaces
£8: Flow Trajectories
V. Particle Studies
A Paint Parameters
@) Surface Parameters
Yolume Parameters
b, v Plots
ﬁ Goal Plots
@ Report

T Animations
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2 Set the Computational Domain size.

Right-click the Computational Domain folder.

Click Edit Definition.

Input the following values:

m Xmax = 0.16m
B Xmin = -016m
B Ymin = 015m
B Ymax = -0.15m
m Zmax = 0.31m
B Zmin = -0.21m

Click OK from the PropertyManager.

3 Results.
The resulting Computational Domain is
displayed in the graphics area.

Setting Goals

You can specify the following four
engineering goals:

m Global Goal
A physical parameter calculated within
the entire Computational Domain.

m Surface Goal
A physical parameter calculated on a
user-specified face of the model.

m Volume Goal

Lesson 5: Analysis

RN EE
Initial Block (1)
= @ Input Daka
Eﬁ Bour.
B ool
SEEEIE
omputational Dom...
R
Type A
@l 3D simulation
|E| 20 simulation
Slze anr:l“E‘o‘n;:I‘i‘t‘i‘un_s_ . k
&, [016m = @ ~
&, [01Em  |* v
&, [015m | v
&, [a1Em % v
@, 03m & v
&, [02im “ @~

j Appearance

«

A physical parameter calculated within a user-specified space inside the

Computational Domain, either in the fluid or solid.

m Equation Goal

A goal defined by an equation with the specified goals or parameters of the

specified project’s input data features as variables.

SolidWorks Flow Simulation
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4 Insert Global Goals.
Right-click the Goals folder.

Click Insert Global Goals. The Global Goals

PropertyManager is displayed.

Tip:  Drag the boundary of the PropertyManager window to Rl
the right to make it wider. This makes it easier to read = 88 Resut T LY Pt Gosls. .

the parameter names.

5 Set the goal for drag.

Scroll down to view Z - Component

of Force under the Parameters
column.

Check the Max (Maximum) box.

Click OK [#] from the G1obal
Goals PropertyManager. View the
update in the Flow Simulation
analysis tree.

6 Insert a second Global Goal.
Right-click the Goals folder.

Click Insert Global Goals in the
Flow Simulation analysis tree.
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RelEER AT

%, Initial Block (1)

= @ Input Daka
@ Computational Domain
Fluid Subdomains
Eﬁ Boundary Conditions

lobal Goals. .

Insert Surface Goals...
B C Insert Yolume Goals. ..

9|7 iB]® h
ilobal Loa &
« R
| Parameter A
Parameter Min | Ay | Max :Bull_< Ay LA
Mass Flow Rate O g 1
Welocity B FEE [E = E
% - Component of Yelocity ] [ 1 [ = e
¥ - Component of Yelocity ] ] 1 [ = e
Z - Component of Yelocity ] ] 1 [ = B
tMach Mumber El [ElE E = :
Turbulent Yiscosity El [FliE B = +
Turbulent Time El [FliE B = b
Turbulent Length El [FliE B Ik 1
Turbulent Intensity El [FliE B =
Turbulent Energy F FEiE E =
Turbulent Dissipation F FEiE E =
Heat Flux El [FElE =
Heat Transfer Rate O =
Mormal Force O =
¥ - Component of Mormal O =
Y - Component of Mormal O [ q
Z - Component of Mormal O [ :
Farce El Cig
¥ - Component of Force O =
Y - Component of Force =
—p 7 - Companent of Force =
Shear Force =
# - Component of Shear F | [2- Componert of Force
5 | Global Coordnale System.

el
T Initial Block (1)
= @ Input Daka
@ Computational Domain
Fluid Subdomains
Eﬁ Boundary Conditions
= sﬁ Goals

% GG 2 - Component of Force 1
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7 Set the Goal for lift.
Scroll down to view Y - Component of
Force under the Parameters

column.

Check the Max (Maximum) box.

Click OK from the Global
Goals PropertyManager. View the
update in the FeatureManager.

8 Rename the goals.
Two goal icons are displayed in the Flow Simulation

analysis tree.

Lesson 5: Analysis

Parameter A
Parameter [Min | A | Max | Bulk A Use | A
Welocity | ] 1
% - Component of velo ] [ ] [
¥ - Component of velo ][] ] [

Z - Component of velo ][] ] [

Mach MNumnber [T (]
Turbulent: Viscosity F [FFE F

Turbulent Time E FE (E

Turbulent Length F [ [

Turbulent Intensity F [FFE F
TubdentErergy [ 0O O

Turbulent Dissipation [ [ [ [

Heat Flux F [FiE

Heat Transfer Rate O

Mormal Force O

% - Compaonent of Marn O

' - Compaonent of Marn O

Z - Component of Morn ] 3
Farce ] p
% - Component of Forc []

Y - Component of Forc

2 - Component of Fore [

Shear Force F |\" - Compaonent of Force
% - Component of She: O

Y - Component of She: (] w

,P‘»x _Global Coordinate System i

=B

Rename the GGZ - Component of Force 1 to Drag.

Rename the GGY - Component of Force 1 to Lift.

SolidWorks Flow Simulation

Ty Initial Block (1)

Input Daka

@ Computational Domain

Fluid Subdomains

Eﬁ Boundary Conditions

? Goals
FR GG Z - Component of Force 1
l‘“ GG ¥ - Component of Force 1

EERERE
%, Initial Block (1)
=) @ Input Daka
: @ Computational Domain
Fluid Subdomains
ﬁ Boundary Conditions
E? Goals
? Drag
#
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Running the Analysis

1 Run the analysis.
Click Run El from the Flow
Simulation
CommandManager. The Run
dialog box is displayed. View
the options.

Click the Run button.

2 Solver information.
The Run dialog box is
displayed. On the left of the
window is a log of each step
taken in the solution process.
On the right is an information
window with mesh
information and any warnings
concerning the analysis.

Note: The analysis can take up to 15

minutes.

3 Pause the calculation.
After about 60 interrelations,

click the Suspend |E| button
on the Solver toolbar. This
suspends the calculations so
you can explore some of the
different types of previews.

4 Preview the Velocity.
Click the Insert Preview

tool on the Solver

toolbar. The Preview
Settings dialog box is
displayed.

Select Right Plane for
Plane name.

Select Contours for Mode.
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B, c @ ® & B &
¥ Flow = 3| Flow
@ flun Lo'ade'stLlthlgad & e Simjg... @' Simuloaj;j..
@ __%_ »« - &E o @ % ¥
Pifice Prijucts | Flow Simulation
Run
Solve the defined task
Run 2
Startup
Solve
(&) Mew calculation

CPU and memory usage

Fiun at: : Thiz computer [CAD session]  w i

Use |4 | CPU(z)
1
Fiesultz |2 fter finizhing the calculation
3
Loa Batch Results..

28 Solver: Initial Block (1)(Race Car.SLDASM)

File Calculation  Yiew Insert  Window Help

| |.. SR A=A i =
Bl Lo Suspend{Chrl+3)
Parameter Yalue
Status Calculation
Fluid cells 277R2
Partial cells 1915
Iterations 60
Last iteration finished 16:37:07
CPU time per last iteration 00:00:02
Travels 0.960573
Iterations per 1 travel 62
Zpu kime LW T
Calculation time left 0:4:45
Preview Settings E‘
Defintion ] Seftings | Image Attibutes | Optians | Region |
oK
Plane definition
Cancel
Flane name: Q
Help
Flane offset: Q
Minax mode Mode
* Contours
" Manual min/ma:x X
" lsolines

+ Auto min/may
" elocity wectors
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Note:

Click the Settings tab from the
Preview Settings dialog
box.

Select Velocity for
Parameter. View your
options.

Click OK.

View the Preview
box.

Lesson 5: Analysis

Preview Settings &‘

Diefirition  Settings \magamtlihules] Dplinns] Fleg\nn} \
oK

i~ Contours/lzolines options

Cancel
Parameter
Help
Turbulent Viscozity
1~ Welocity vectors options Turbulent Time

4 Velocity( Right Plane.640x480 Auto Update )

A

Velocity (mile/h)

The Plot preview is
displayed in its
own window.

. 77.7598 mileth

View the results. G

The scale may vary
slightly.

Close the Preview

WindOW. Iteration = 60

Preview the
Pressure.

Click the Insert Preview
tool on the Solver toolbar. The

Min=0 milefn Max=77.7598 milefh
Preview Settings ['5_<|
Definition  Settings ] Image Attlibutes] Dptions] Heg\on]
1[4

Contowrs/lsolines options

Cancel
Parameter:

Help

Preview Settings dialog
box is displayed.

Select Right Plane for Plane
name.

Select Contours for Mode.

Click the Settings tab.

Select Pressure for Parameter.
Click OK. View the results.

Close the Preview window.

SolidWorks Flow Simulation

Welocity vectors options
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7 Resume the
Calculation.
Close the
Preview
window.

Click the =
Suspend |E|

button on the

& Pressure( Right Plane ,640x480 Auto Update )

Pressure (Pa)

SolidWorks

Engineering Design and Technology Series

- 101791 Pa

100713 Pa

8|

Solver
tOOlbar Min=100713 Pa Max=101791 Pa
Iteration = 60
8 Completion. .
The status bar at 28 Solver: Initial Block (1)(Ra

File:

Calculation  Wiew Insert Window Help

the bottom of
the window
indicates when
the Solver is
finished.

Fle Calculstion View Insert window Help

N Sl BRI w

] Suspend(CtrI+S)

CENERIES
[- [B]%] & Lo

Parametet Walue Event

Iteration

Status Solver is Finished, Mesh generstion started

Fluid cells 27762 Wesh generation normally Finished
Partial cells 1915 Freparing data for calculation
Iterations Calculation started

Last iteration Finished :24: Calculation has converged since k..
CPU time per last iteration 00 Goals are converged

Travels i Caleulation Finished

Iterations per 1 travel 63

Cpu time

Caleulation time: left

Warning [ Commert:
Ho warnings

16:16:20, Mov 04
16:16:41 , Nov 04
16:16:45 , Nov 04
16:16:48 , Nov 04
16:24:17 , Nov 04

16:24:22 , Nov 04

B Loa

156

Iterations : 68
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9 Close the Solver vindow.
Click File, Close from the
Solver dialog box.

10 Hide the Computational
Domain.
Right-click the Computational
Domain folder.
Click Hide.

11 Save the document.

Click Save from the Menu
bar toolbar.

SolidWorks Flow Simulation

Lesson 5: Analysis

indow  Help
OB o 2
L]

Parameter Yalue
Status Salver is finished,
Fluid cells 27762
Partial cells 1915
Iterations o)
Last iteration finished 16:24:17
CPU time per last iteration 00:00:01
Travels 1.40834
Iterations per 1 travel 63
Zpu kime 0:1:29
Calculation kime left 0:0:0

KEEEIE
%y Initial Block (1)
E| @ Input Daka

[ Fluid Edit Definition. ..
S o

BF Goals
? Drag
R LR
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Viewing the Results

158

Once the calculation finishes, you can view the saved
calculation results through numerous Flow Simulation
options in a customized manner directly within the
graphics area. The results options are:

m Cut Plots (section view of parameter
distribution)

m Section Plots (generates contours of the
results on the specified sections)

m Flow Trajectories (streamlines and particle
trajectories)

m Goal Plot (behavior of the specified goals
during the calculation)

m XY Plots (parameter change along a curve,
sketch)

m Surface Parameters (getting parameters at
specified surfaces)

m Point Parameters (getting parameters at
specified points)

m Report (project report output into Microsoft
Word)

m Animation of results

and more.

We will view Section plots, Surface plots
and Flow trajectories next.

SolidWorks

Engineering Design and Technology Series

EIR]

®
Ry Initi

al Block {13

Input Daka

@ Computational Domain
Fluid Subdomains

Eﬁ Boundary Conditions

B Goals

I

|& Drag

# L
Results
;ﬁ Mesh
32 Cut Plats
{) Surface Plots
é Isosurfaces
£5° Flow Trajectories
‘,':.,, Particle Studies
A Paint Parameters
@) Surface Parameters
Wolurme Parameters
b xy Plots
& Goal Plats
@ Report

T Animations

@SulidWoms | File Edit WView Insert Tools Flow Simulation Window Help ja’||:] £ lj} v

N wizard B Hom @, e ¥ & & LE &
[ Mew E General |_1,]: SimFLllloav;... @ Run |fLoad/Unload E O Sinﬁﬁ:... & |§| SimFLllloav;.
i i Wl &

. Setti Results e
Clone Project @ = ﬁl e 9& - B -

Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation |
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Accessing the Results

1

Note:

If needed, load the results.
Right-click the Results folder in the
Flow Simulation analysis tree.

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

If Unload Results is displayed, the
results have already been loaded.

Double-click 1. £1d.

Create a Section Plot.

Right-click the Cut Plots folder.

Click Insert. The Cut Plot
PropertyManager is displayed.
Front Plane is selected by default.

Expand Race Car from the fly-out
FeatureManager. View the features.

Click Right Plane from the fly-
out FeatureManager. Right Plane is
displayed in the Selection
Plane or Planar Face box.

Click the Contours button in the
Display box.

Viewing the Results
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= % ;EEESUN:S_
= & Slazck Results
& Flot Manager...
Parameter List...
Batch Resulks Processing..
h % Flow Trajectories
91 ¥ Q& E
| fresults_trp
=0 1.cp
Emm
| =1 _oonoon.fd
File name: i1 i | Open
Files of type: |0 cpt) ~ [ Carcel

=} @ Race Car (Initial Block {13

2] sensors
+-{A] Annotations

I Q Front Plane
I <">. Top Plane

[ I—» Crigin

+ % ({Fy Race Car Block<1=

[ % (-3 Axle<1= (Axle Long

E3 % (-3 Axle <2 = (Axle Long
(-1 wWheel<1 = (Default
(-3 Wheel <2 = (Default

E tontours

|@| Isolines
|§| Weckars

| @| Mesh

| Selection A
GIEIENE
E{B ‘ .......... ———
B [O0m £
| B
L i 1
Display ﬁ_

(-1 Wheel<4 = (Default

!
N
- () wheel<a= (Default
[+
4 @@ Mates
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Note:

Note:

160
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Al 4

"llt\-gl

|Adjust Minimum and Maximum
-

Click the Adjust Minimum and Maximum ———
button in the Contours box. o oc.rs
Select Velocity from the drop-down menu. B |10
View the range. |2~ 30 profie

View the Section Plot.

Click OK from the Cut Plot
PropertyManager. View the plot in the
graphics area.

You may need to click the Hide
FeatureManager Tree Area tab to view the
total plot.

View the results.

Click Right view from the Heads-up
View toolbar. View the results.

View the high velocity areas around the
model in red and orange.

Hide the Cut Plot.
Right-click Cut Plot1.

Click Hide.

Contours A
] WE
E' [741801544 mie | % [Parameter
E, ijﬂ_“n-w_ilé}'ﬁ—g # e 5
Er [10 =2

|§| -3D profile i

Options ¥ i

Crop Region ¥ i

& Cut Plot

o R & 42

Selection
@I%I |@| I‘E]

0 l

SEH T

3

bi [om =
| —

T
= % Resulks

- ﬁ$ Mesh
=Bk Cut Plots
g mc : Edit Definition.
. u

: <> Surface |
&y Isosurfa r and Hide
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- [] computational Domain
L@ Fluid Subdomains
Eﬁ Boundary Conditions
E}--Pz Goals
Pt Drag
B LR
= BF Resuks
ﬁ Mesh
= {} Cut Plots
{8 CutPlot 1 *
<> Surface Plots b
&Y Isosurfaces
- Z5 Flow Trajectories
‘E,;, Particle Studies
‘f. Point Parameters
2 @ Surface Parameters
& Wolume Parameters
k2, v Plots
By Goal Plots

B @ Report o

B Animations I
I

Welocity [milesh]

Cut Plot 1: contours

ESolidWorks | rie et vew iset Tods Fovsmdston widon teb 9[- (¥ bd-%-% 8.2 - - 0%
X Wizard By Hd @ B, [ ¥ @ o k¥ &
D hew |@ Gan_eral |[:|" SImF\.IIr;::I ‘Q Run “ |O SIHF'IB: &l SImF\.IIr;::I
BS Clone Project @ i - EaE ea - |55 - @
! c : | Office Products | Flow Simulation [ s
‘ @ QAR E-F-ow-@ -8
% Initial Block (1)
BE Input Data

5 Create a second Cut Plot.
Right-click the Cut Plots folder.

Click Insert. Front Plane is selected by default.

Viewing the Results

E} % Resulks

Clear and Hide Al
Delete All...

161



Lesson 5: Analysis

162

6

8

Change the Selected Plane.

SolidWorks

Engineering Design and Technology Series

Expand the Race Car assembly from the fly-out

FeatureManager.

Click Right Plane from the fly-out

FeatureManager. Right Plane is displayed in the

Selection Plane box.

Click the Contours button in the Display box.

View the Settings.

Click the Adjust Minimum and
Maximum button in the Contours
box.

View the range.

Select Pressure from the drop-down
menu for Parameter Settings.

Enter the Min 100900 value.
Enter the Max 101700 value.
View the Section Plot.

Click OK [+] from the cut Plot
PropertyManager. View the plot in the
graphics area.

_E| Contours

=

Selection

IENENE]
[§E W Fight Plane
B [0m [
 E— E—
|Display “

|@| Isolines

| E | Veckars

|@| Mesh

Contours

T
| 4
3

!‘. E_\l‘elocity ¥ | E &

Fx |10

Jadjust Minimum and Maximum

|§| 30 profile

Contours A
= %}Jressure g @' [
E‘ .101 700Pa |: |;Parameter
£, [osopa |2 [z 2
Ex w0 =
= 1

|%| 30 profile

Options ¥ |

Crop Region ¥ |
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Cut Plot 2 is displayed in the Flow Simulation analysis

tree . Initial Block (1) ~

E}@ Input Data

Rl

Note: If needed, click the FeatureManager tree tab as
illustrated to view the full graphics area.

9 View the second Plot.

Click Right view from the Heads-up View toolbar.
View the plot.

1
Input Data
B Computational Domain
[y Fluid Subdomains

{} Surface Plots
& Isosurfaces
- £0: Flow Trajectoties
‘:;u Particle Studies
;’. Paint Parameters
@ Surface Parameters
@ Yolume Parameters
L wvpiots

P;‘ Goal Plots

@ Report

- T animations
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10 Hide the Cut Plot.
Right-click the Cut Plots folder.

Click Hide All. View the model in the
graphics area.

11 Display an Isometric view.

Click Isometric from the Hands-on
View toolbar.

12 Save the document.

Click Save from the Menu bar toolbar.

SolidWorks
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Flow Trajectories

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

Tip:  They are analogous to the
streamers of smoke in a
wind tunnel.

1 Inserting a flow
trajectory.
Click the Flow

Trajectories tool from
the Flow Simulation
CommandManager. The
Reference option is active.

Right-click Clear
Selections in the
Selection box.

Click the ten flat surfaces
of the Race Car Block.

Click the face of the four
Wheels.

Enter 50 for the Number
of Point.

Viewing the Results
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Select Line with Arrow from the Draw
Trajectories As drop-down menu.

Click OK from the Flow Trajectories
PropertyManager.

View the flow trajectory.
This type of display helps visualize how the air flows
around the car.

Rotate the model in the graphics area to view the

Appearance "

¥ [0003m |:
@ Pressure b |E|
(3

@p |3

turbulence around the front wheels and behind the block.

Save the document.
Click Save from the Menu bar toolbar.
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Experiment With Other Flow Trajectories

There are two ways to experiment with flow
trajectories:

m  Edit the definition of the existing plot
m Insert a new plot

If you create multiple flow trajectories, you can display
them one at a time or you can display several at the

same time.
We will create some other flow trajectories.

4 Hide the flow trajectory.
Right-click Flow Trajectories 1.

Click Hide.

5 Insert a new Flow Trajectory plot.
Right-click the Flow Trajectories folder.
Click Insert.

Right-click Clear Selections.

Click Right Plane from the fly-out FeatureManager.

Enter 200 for the Number of Points

Select Lines from the Draw Trajectories As

drop-down menu.
Click OK from the Flow Trajectories
PropertyManager.

6 Display the Right view.

Click Right view from the Heads-up View
toolbar.

Viewing the Results
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Notice the turbulence in front and behind the
body of the block.

Insert another new Flow Trajectory plot.
Right-click Flow Trajectories 2.

Click Hide.

Right-click the Flow Trajectories
folder.

Click Insert.
Right-click Clear Selections.

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

Click the front face of the Race Car.

= 4k Cut Plats
% CutPlot 1
B Cut Plot 2
..... {} Surface Plots
& Isosurfaces
£5: Flow Trajectories
Z8: Flow Trajectories 1

Edit Definition. ..

==
i, ;
L. Particle

...... A% Point Par
..... @ Surface r! ear and Hide
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Enter 50 for the Number of Points.

Select Lines from the Draw Trajectories As

drop-down menu.

Click OK from the Flow Trajectories
PropertyManager.

Tip:

mo

del.

The lower number of trajectory lines makes it easier to
see if there is significant turbulence surrounding the

Lesson 5: Analysis

B (B[]

=3 Fow Trajectories

« ¥ 42

Starting Points

b3

[J1n plane
@ s
%

Appearance

A

X e

Wnlide[kslﬁa Edit View Insert Tools Flow Smulation Window Help Ql[]-@vﬁvé-‘éj- 8.2 - -0 %

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

8 Wizard B o, H % @O > oS ¥ 8 & LBy &
O pew (8 ceneral |13 o r% | un Load.lﬂoadf B (¢ &8 o
CloneProject @ T S - il —

% Initial Block (1

=" ﬁ Input Data

: @ Camputational Domai
- gy Fluid Subdomains
; Eﬂ Boundary Conditions
E|- F Goals

? Drag

| B LR

B--% Results
ﬁfﬁ Mesh
= Bk CutFlots
% cutPhtt i
[ T 1
»{;b Surface Plats
&% Isosurfaces
o) £5: Flow Trajectaries

£8 Flow Trajectorie

Flow Trajectarie

i Flow Trajectarie
‘,':;, Particle Studies

: A Point Parameters
b Surface Parometers

i @ “olurne Parameters
L wY Plets i
B, Goal Plots

: ﬁ Report M
i

<

B[ ?\'5

101700.00
101611.11
10152222
10143333
101344 44
10125556
101166.67
101077.78
100988.89
100900.00
Pressure [Pa]
CutPlot 2 contours
Flow Trajectories 4

Flow Trajectories 2
Flow Trajectories 3

A

Flsometric

QavHE @ o @f E-

remium 2011

Under Defined  Editing Assembly

Viewing the Results

169



Lesson 5: Analysis SolidWorks

Engineering Design and Technology Series

The flow trajectories reveal several conditions:

m  The red color of the trajectories on the front body of the Race Car assembly
indicates an area of high pressure. This pressure will effect the speed of the

Race Car.
m  The flow trajectories behind the wheels are fairly smooth indicating a lack of
turbulence.
2 Hide all Flow Trajectories. e S
Right-click the Flow Trajectories folder. & sosutaces
Click Hide All S T

Flow
= Flow o All

z \"ﬁ” Particle 5t ©Clear and Hide All

3 Save the document.
Click Save from the Menu bar toolbar.

Quantitative Results

' m ¥ & & L]
The preceding examples of Surface plots el 2] s B ,mFu'T;;
and Flow trajectories are excellent tools -2 .
for visualizing how air flows around a s | Flow Simuation | Goa, =
body. However, they are more qualitative Ge”e“"te Eaeh

than quantitative. Let’s move on to a more
quantitative interpretation of results.

EEET

Note: Microsoft® Excel is needed for the next
section. Gl

1 Create a Goal Plot. T |l aals

Click the Goal Plot tool from the
Flow Simulation tab. The Goal
Plot PropertyManager is displayed.

Click the All box. The three boxes are
checked.

*

L]

Click OK from the Goal Plot
PropertyManager.

FJ.., | Iterations |

«

| Options

2 Excel spreadsheet.
Microsoft® Excel is launched and a
spreadsheet opens. Pay particular attention
to the first three columns. They show the
name of the goal, the units (gram-force, in
this case) and the value.
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Race Car.SLDASM [Initial Block (1)]

Goal Name Unit Value Averaged Value [Mini Value |Maximum Value
Drrag 1] -150.2582891 -150.2851854 -150.5253354 -150.1453924
Lift 1] 2.080152532 8.663035807 8.120852837 9.080213979

lterations: 120
Analysis interval: 43

Note: Numbers can vary slightly due to mesh type and system setup.

3 Save and close the assembly.

Click File, Save. Accept the default name.

Click Save.

Close the Excel spreadsheet.

Units, Values, and Interpreting the Results

As we discussed, gram-force is a unit of force approximately equal to the weight
of a 1-gram mass on Earth. The drag on the car is a force. Grams are a unit of
mass. So it is not accurate to say the drag is approximately -150.28 grams.

The correct way to state the results is to say we have a drag force of approximately
150.28 grams-force and a downward lift force of approximately 9.08 grams-force.

Viewing the Results
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Changing the Design Eﬁll-lﬁl'
Based on the analysis of the Race Car (Initial Block) % ™
assembly configuration using SolidWorks Flow i E WA
Simulation, we conclude that the shape of the body can g Cocdnate Syt
be greatly improved. r%
The easiest way to redo an analysis is to clone the Z'S.Z; E?;Zi?ﬁfl:;w
SolidWorks Flow Simulation project we created for the | = %@ J hom B hesh
Initial Block design. This way we don’t have to repeat G4 Customize Tree..
the work of adding the goals and defining the g o
Computational Domain, but we can not reuse plots < Surface Plats

were new features were created on the final Default
Race Car configuration.

To save time, the Final Default configuration for this section is provided.
Configurations allow you to represent more than one version of the part within a
single SolidWorks file. For example, by suppressing the features and changing the
dimension values of the model, the design can be altered easily without creating
another new model.

Tip:  An configuration may be changed to dimension of the different value. Both parts
and assemblies can support configuration adjustments.

Note: Some of the Referenced faces of the car body don’t exist in the Final Default
configuration. They were eliminated when the cut features and fillets were applied
to the body. Therefore, we must redefine the reference before we can display any
plots. The Axle part was also modified in the Initial Block configuration to fix the
assembly.

4 Clone the Project.
Right-click the Initial Block (1)
configuration in the Flow Simulation
analysis tree.

Clone Project

(O Create new
(%) Add to existing

Click Clone Project.

Existing configuration:

Click Add to existing. Mot =
Select Default for Existing configuration. opy restis
[ ak. ] [ Cancel ] [ Help

Check the Copy results box.

Click OK. The system will ask you if you
want to reset the Computational Domain.

Click No.
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Note: To make it easier to do meaningful comparisons between the two sets of results,
we want to use the same size Computational Domain. Also, resetting the domain
would require us to redefine the symmetry conditions. That would be extra work.

5 Reset Mesh settings.

&

Do you want to reset mesh settings? Click Yes. @ o

6 Run the solver.
Click Run from the Flow Simulation
CommandManager toolbar.

Click Run from the Run dialog box.
This can take 10 - 15 minutes.

7 Completion.
The status bar at the bottom of the
window indicates when the Solver is
finished.

Close the Solver dialog box.

28 Solver: Default{Race Car.SLDASM)

Flle Calculation  Wiew Insert ‘“Window Help

+ BOR i+ 1

ML

. 7
by
Load,Unload m
Results o
®

fiice Prygucts F!owSimulaﬁon[

By

Run
Solve the defined task

() Mew calculation

CPU and memory usage

Fiun at: | This computer [CAD session] %
Use [q + | CPUGs)

Results processing after finishing the calculation

v Run E”E
Mesh [ Take previous results R‘
.

Load results Batch Results

E15[X] & e

Yalue

- E)X)

Event Iteration | Time

Status Solver is finished,
Fluid cells 31139

Partial cells 1861

Iterations 85

Last iteration finished 17:1m32

CPU time pet last ikeration oo:00:01

Travels 1.3201

Iterations per 1 travel [

Cpu kime o:l:3z
Caleulation time left 0:0:0

1 Comment

Mo warnings

Mesh generation started

Mesh generation narmally finished

Preparing data For calculation

Calculation started

Calculation has converged since £ ..
Goals are converged

Caleulation Finished %

17:07:37 , Nov 05
17:08:08 , Nov 05
17:08:14 , Nov 05
17:08:19 , Nov 05
17:10:32 , Nov 05

17:10:40 , Nov 05

0 irfe 1 Log

Ready
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Examine the Results
1 Load the results.

Click the Flow Simulation analysis tree
tab. Examine the results for the Default
configuration. The Default configuration is
the final configuration of the Race Car
assembly.

SolidWorks

Engineering Design and Technology Series

Default
= @ Input Daka
: i @ Computational Domain
- Fluid Subdomains
Eﬁ Boundary Conditions
r:]? Goals
fﬁ Drag

R L

[Flows Simulation analysis tree

msﬂlidwo[ks . File Edit WView Insert Tools Flow Simulation Window Help Qll:] -F-EH-8.7 - -

El

X

\{ Wizard E‘% Ej
O new f& ceneral |[12 S
2 ey Setl

Clone Project i ﬂ

imulati...

5 B8
Flow % Aun
. &=

LI
Load/Unload
Resulis

¥ & & % &
P smen. B8 ...
B2 . BB .

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

@ Default

G

QANE@- @ -60-@ -

- B X

=B Input Data
@ Computational Domain
- Fluid Subdomains
Ej Boundary Conditions
= # Goals
? Drag
®oun
= % Results
ﬁ Mesh
= ¥» CutPlots
25 CutPlot 1
3 CutPlat 2
{) Surface Plots
&y Isosurfaces
w Trajectories
= Flow Trajectories 1

laaaf

Z Flow Trajectories 2
= Flow Trajectories 3 — b

A

| *Flsomehric

%2, Particle Studies

f! Point Parameters
- @ Surface Parameters
@ Yolume Parameters
bl :

Model | Motion Study 1

Solidworks Premiurn 2011 Under Defined

Editing Assembly [2]

1 Create a Flow Trajectory plot.
Right-click the Flow Trajectories folder.

Click Insert.

Click Isometric view from the Heads-up View toolbar.
If needed, right-click Clear Selections.

174

& & Cuk Plats
%) CutPlott
& CutPlat 2
- <> Surface Plots

&)
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B-22 =

Fl

Show &ll
Delete All...
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Click the front face of the Race
Car.

Enter 50 for the Number of

Points.
Select Lines from the Draw
Trajectories As drop-down menu. Starting Points A
2 View the Settings. &N
Click the Adjust Minimum and Maximum @ &=
button.
Select Pressure from the drop-down menu
for Parameter Settings. @Eﬂmlane ;
# b
Enter the Min 100900 value. S —
Enter the Max 101700 value. ;q_' :
ppearance ~
Click OK | ¢ | from the F1ow j: &= 5 -
: -
Trajectories PropertyManager. | _
. e | |Pressure || B
Below are the two Flow Trajectory plots ? )
Race Car (Initial Block) vs. the final k) :
Default Race Car configuration. View the s -
|
pressure areas.
Appearance ]
a |Lines v|
X |2 N

@ | Pressure e |®

¢ (o 3 #E
E, [ooore @ |2 ()&
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3 Modify the Flow Trajectory

Plot.

Place your mouse pointer over
Pressure (Pa) in the Graphics
area as illustrated.

Click Pressure (Pa). View the
drop-down menu.

Click Velocity.

Click the green check mark.

View the new Flow Trajectory

Plot.
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SolidWorks Premiumn 2011

Under Defined

Editing Assembly =]

4 Hide all Flow Trajectories.

Right-click the Flow Trajectories folder.

Click Hide All.

5 Save the document.

Click Save from the Menu bar toolbar.
Click OK.

Examine the Results
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Quantitative Results

Note: Microsoft® Excel is needed for the next

section.

1 Create a Goal Plot.

Click the Goal Plot tool from the Flow
Simulation tab. The Goal Plot
PropertyManager is displayed.

Click the All box.

Click OK from the Goal Plot

PropertyManager.

2 Excel spreadsheet.

Microsoft® Excel is launched and a
spreadsheet opens. Pay particular attention to
the first three columns. They show the name
of the goal, the units (gram-force, in this

case) and the value.

SolidWorks

Engineering Design and Technology Series

g ¥ ® & Kb &
Load/Unload H 5,;52 |_ . SimFLllloa\':i...
Results 9& .= " 3

cis | Flow Sirnulau’on! ’[J T
G

oal Plot

L= 8 .L-j;la R t{ﬁ @' @ + G| Generate goal plot

Goals A

Race Car.SLDASM [Default]

Goal Name Unit Value Averaged Value [Mini Value |Maximum Value
Drrag 1] -59.764602586 -59.47 1965595 -59.76460256 -58.538658252
Lift (1] -29.07469124 -28.52652062 -29.24218015 -28.54302559

Iterations: 85
Analysis interval: 33
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Race Car.SLDASM [Initial Block (1)]

Goal Name Unit Value Averaged Value [Mini Value |Maximum Value
Drrag 1] -150.2582891 -150.2851854 -150.5253354 -150.1453924
Lift 1] 2.080152532 8.663035807 8.120852837 9.080213979

lterations: 120
Analysis interval: 43

Race Car.SLDASM [Default]

Goal Name Unit Value Averaged Value [Mini Value |Maximum Value
Drrag 1] -59.764602586 -59.47 1965595 -59.76460256 -58.538658252
Lift (1] -29.07469124 -28.52652062 -29.24218015 -28.54302559

Iterations: 85
Analysis interval: 33

Note: Numbers may vary due to mesh type and system setup.
The drag value for the new design is 59.76 grams-force. The drag value of the
original block was 150.28 grams-force.

Percentage Improvement

To find the percentage of improvement use this formula:

(InitialValue —FinalValu

e —
TnitialValne ) x 100= PercentageChange

For simplicity we will round to 2 decimal places. Substituting we get:

The changes yielded about a 60.23% improvement in drag!

What About Lift?

It is interesting to note that the Initial Block design had a upward lift force of
approximately 9.08 grams-force. The modified design has an downward lift force
of about 29.07 grams-force. This is the effects of the Front Wing to keep the font
end of the car down at high speeds.

3 Save and close Excel.
Click Save.

Close the Excel spreadsheet.
4 Save the document.
Click Save from the Menu bar toolbar.

Examine the Results 179
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5 Close all models and dialog boxes.
Click File, Close.

More to Explore

Using what you have learned, explore some additional design modifications. Or,
better yet, start developing your own car body design. Using SolidWorks Flow
Simulation as a virtual wind tunnel, you can experiment with many different ideas
and approaches before you ever commit to cutting wood.

Browse the Internet for ideas about designing your car. One excellent source is:

http://www.science-of-speed.com

Click on Showroom.

With SolidWorks and SolidWorks Flow Simulation together you can easily
explore many design variations. Have fun!
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SolidWorks Flow Simulation

During this short session on using SolidWorks Flow Simulation, you have had a
brief exposure to the main concepts of fluid-flow simulation. SolidWorks Flow
Simulation gives you insight into parts and assemblies related to fluid flow, heat
transfer, and forces on immersed or surrounded solids.

The only fluid-flow simulation product fully integrated with SolidWorks,
SolidWorks Flow Simulation is incredibly easy to use; you simply tell the
software what you’re interested in instead of having to translate analysis design
goals into numerical criteria and iteration numbers.

Access physical fluid models for engineering applications. SolidWorks Flow
Simulation can analyze a wide range of real fluids such as air, water, juice, ice
cream, honey, plastic melts, toothpaste, and blood, which makes it ideal for
engineers in nearly every industry.

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

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

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

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