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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 2010 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 e
Before you begin the FI in Schools™ 2 | solidWorks Help
Design Project you should review and — i s bl
complete the following SolidWorks R
Tutorials that are integrated in the APIHelp
SolidWorks software under the Getting What's New Highlights
Starting folder: What's New

B | Interactive What's New
Moving from AutcCAD
SolidMetWork License Administrator...
About SclidWorks...

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
folder. Cth Help’ Instructors These tutorials present Solidvorks functionality

Curriculum to access the Educator in an example-based learning format. Read the
Conventions information.

Vorks Tutorials

Resources.
Ifyou are new ta the SolidWorks software,
As an alternative you can complete familiarize yourself with the tutorials in Getting
. ? Started first. All other tutarials can he
the following lessons from 4n completed in any order.
Introduction to Engineering Design
With SolidWorks:

Tutorials by Category

m Lesson 1: Using the Interface

m Lesson 2: Basic Functionality Gettippytated | Spectal Types of Models
m  Lesson 3: The 40-Minute Buiding Models |0 C s
Running Start ";n":;:i:g With |pesign Analysis
m Lesson 4: Assembly Basics All SolidWorks Tutorials (Set 1)
m  Lesson 5: Drawing Basics Al SolidWorks Tutorials (Set 2)
What's New Tutorials

&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

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

Note:

Copy and un-zip the Race Car Design Project folder from the SolidWorks
website onto your computer before you start this project.

Start a SolidWorks session.
Click All Programs, SolidWorks, SolidWorks from the Windows Start menu.
The SolidWorks application is displayed.

If you created the SolidWorks icon on your desktop, click the icon to
start a SolidWorks session.

Copy the Race Car Design Project folder.
Click the SolidWorks Resources tab
from the Task Pane.

SolidWorks Resources 4=

Getting Started

b

L'I New Document

|,'_.§} Open a Document

Click the Student Curriculum folder

as illustrated & Making My First Part

ﬂ Making My First Drawing
il Student Curriculum

'.’3 Instructors Curriculum
ﬂ Tutorials

.i/' General Information

Conventions Used in This Book
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Note:

Note:

Expand the SolidWorks
Educator Curriculum folder.

Double-click the needed
Curriculum folder.

At the time of writing, the
Curriculum 2010 folder was not
available.

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

Select the correct (Language) F1-in
Schools Race Car Design Project
folder.

Ctrl-click the Race Car Design
Project Files - All
Languages folder as illustrated to
download the needed SolidWorks
model files. A Browse For
Folder dialog box is displayed.

Before You Begin

Lesson 1: Introduction

Design Library E=
W @ o @B
@ Routing -

9@ _Curriculurm 2009 =
D Bridge Design Project

.15 co2 Car Design Project =
/5 Fl-in-Schools Race Car Desig
I3 Hands On Test Drives i
..=5 Mountain Board Design Proje
I Simulation Student Guides

IZ5 Flow Simulation Student €
IZ5 Motion Simulation Studer

f@ SolidWorks Educator Curriculum

1 | 1 L
A

_Curriculum  Curriculum
2009 2008

Design Library B

9@ SolidWorks Educator Curriculum

9@ _Curriculurn 2009 e
W Bridge Design Project

.15 Co2 Car Design Project =
-
/25 Hands On Test Drives =
.25 Mountain Board Design Proje
[—]@ Simulation Student Guides
.\ Flow Simulation Student €

; IZ2 Mation Simulation Studer

----- I Simulation Student Guide ™
4 [ | +

Fl-in-5cho... Fl-in-5cho.. Fl-in-Scho..
Race Car D... Race CarD... RaceCarD..

pe

Race Car
Design Proj...

" Race Car

ol o ol

Fl-in-Scho... Fl-in-5cho.. Fl-in-Scho..
Race Car D... Race CarD... RaceCarD..

3

Design
Project Files -
All
Languages
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Tip:

Ask your teacher where you should save
the zip file. Remember where you saved

the downloaded zip file.

Locate the zip folder.

Select a folder location on your system.

Click OK.

Un-zip the SolidWorks model files
and folders.

Browse to the location where you saved

the downloaded zip folder.
Right-click the downloaded zip icon.

Click Extract All.

Select the folder
location.

Click Extract.

Select a Destination and Extract Files

Files will be extracted to this folder

C:\Users\planchard\Desktop'2009_Race Car Design Project]

Show extracted files when complete

SolidWorks

Engineering Design and Technology Series

Browse For Folder

Please select a folder to download the ZIP file to:

BB Desktop
i |EE Planchard, David C
[> ¢ Public
> /& HL230-40
[ \l‘-:_? MNetwork
[ Control Panel
£ Recycle Bin

Folder: ~ Desktop

Explore

Extract All...

Before You Begin
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Note:

View the results.

Double-click the
Race Car
Design
Project 2009
or 2010 -
Models-

Initial folder.

View the results.

At the time of
writing, the
Curriculum
2010 folder was
not available.

You now have a
folder with all of
the needed initial

SolidWorks folders

and files.

Before You Begin

Favorite Links
E| Documents
E' Pictures

ﬂ Music

More »

TE

MName

Lesson 1: Introduction

it ohare (@ Burn

-

1. » 2009_Race Car Design Project » - E
R —

i . Race Car Design Project SolidWorks 2009-Models-Initial

Favarite Links

' E| Documents

E Pictures

B Music

More »

Folders

MName Date modified Type
i Analysis 12/22/2009 7:47 AM _ File Folder
_. Flow Simulation 12/22/2009 7:47 AM  File Folder
| PhotoWaorks 12/22/2009 7:47 AM  File Folder
Axle SLDPRT 1/12/200910:59 AM  SelidWorks Part D...
# Race Car Block.5SLDPRT ~ 10/27/2008 7:48 AM  SolidWorks Part D...
& Wheel. SLDPRT 11/10/2008 5:33 PM  SolidWorks Part D...
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Add a Folder to the Design
Library Path

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

Open the Task Pane.
Click the Design Library
tab.

Add a Design Library folder.
Click the Add File Location
tab from the Design
Library.

Browse to where you
extracted the initial Project
folder.

Double-click the Race Car
Design Project folder.

Click the Race Car
Design Project folder.

Click OK.

SolidWorks

Engineering Design and Technology Series

Design Library 4=
@ @ o @
ﬁ Del Add File Location k

? Toolbox
E|° 3D ContentCentral
5@ SolidWarks Content
.\ Blocks
-/ Routing

Yl 5olidWorks Educator Curriculum

-/ Weldments

Lookin: | Desktop - @02 P HE
T Name’ Size Type Date modif..
)
s i =
Recent Places | | | Planchars, Daid C } Public
li
/& 'k' HL230-40 Li Network
Desktop - < -
L | ||| 2009 Race Car Design Project
d\} File Folder :
0 (12 ;
Planchard,
David C
[}
¥
HL230-40
| ™ Selected Folder
-

C:\Users'planchard'\Desktop\2009_Race Car Design Projec

[ Show assemblies only

¥ @
Mame ° Date modified Type Size

B
e i1 Race Car Design Projec... 13/23/2000 7:4 Al File Folder
Recent Places

Look in: . 2009_Race Car Design Project 4

L
Planchard,
David C

Iy

.

HL230-40

« [0 r

[ ™ Selected Folder
-

C:\Users'planchard'\Desktop'2008_Race Car Desian Projec

[ show assemblies only

Add a Folder to the Design Library Path
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3 Results.
The contents of the Race Car Design
Project SolidWorks folder is now
accessible through the SolidWorks Design
Library.

Design Library B

W @ O @B

»

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

m

[j--ﬁ Design Library
[-jﬁ 2009_Race Car Design Project

@] Race Car Design Project SelidWorks]

5[ 'R\ 8 | U | & |Ex

5 Analysis |
=5 Flow Simulation -
.[27 PhotoWorks

----- ? Toolbox R
4| 1} | 3

= &7 @

Auxle Race Car Wheel
Block
Analysis Flow PhotoWorks
Simulation

Add a Folder to the Design Library Path 9
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10 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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Note:

SolidWorks
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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.

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.

The FeatureManager design tree and the graphics

Design Library E=

W @ o B
EI-'@ SolidWorks Content .
5 Blocks I

E Routing
E SolidWorks Educator Curriculum
1T Weldments

ﬁ Design Library
—--ﬂ 2009_Race Car Design Project

=B} Race Car Design Project SolidWorks|
- Analysis

I Flow Simulation
LI PhetoWaorks

m,

? Toolbox 2l
gyl 1 | +
~ &# @
Axle Race Car Wheel
Block
Analysis Flow PhotoWorks
Simulation

area are dynamically linked. You can select features, sketches, drawing views, and

construction geometry in either pane.

ESolidWorks | Fe Edt Vew Inert Tods window Hep QlD-@..@vﬂg-l

? - - X

- & Swept Boss/Base @ Swept Cut @ s:: @ Rib (i@ wrap ‘@f
Extruded Revolved & Lofted Boss/Base Extruded Hole Revolved m Lofted Cut il PL:t::rrn E Draft e Dome EZZE;‘Z?E »
Boss/Base Boss/Base Cut Wizard Cut " ¥
@ Boundary Boss/Base @ Boundary Cut - - m Shell Mirror -

Features | Sketch | Evaluate | Dimipert [ Office Products | QU EHE-F - @B D - A%
o (e - =
(F )
Q& Race Car Block (Default < <Default>_Displ
[ sensors
- Annotations
4= Baka

E Q Front Plane
%5 TopPlane
: (9\ Right Plane
l.. Origin
=] @ Balsa Block
- sketeht
B@ Screw Eve Slot
-
= @] 2oz Cartridgs Hole
I
= @ Axle Hole Cut Qut
7 sketchd
B () sketehs
W () Shetche

L3 okatche

A

< [l | *| *Isometric
A+l Model | Mation

Solidworks Premium 2010

2]

Editing Part:

14 Start SolidWorks and open an existing part
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4 Review the created features and
sketches in the model.
Drag the rollback bar upwards to a
position before the Balsa Block
feature.

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.

Note: The Balsa Block is 223mm x

Lesson 2: Designing the Race Car

S ElAED
(0

% Race Car Block {Default<<Defauyl
Qﬁ Sensors
[ i}lj Annotations
3= Balsa
%3 Front Plane
Q Top Flane
%} Right Plane
I.. Origin
[+ Balsa Block
£ Screw Eve Slat
@) coz Cartridge Hale
i [[@) Axle Hole Cut Qut
22 (-) Sketchs
2 () sketche
B2 sketcti

[ sketchia &)

sElelel >
x

% Race Car Block {Default<<Defau
lﬂ Sensors
4 | A] Annotations

;E Balsa

&y Front Flane

\<§\ Top Plane

Q Right Flane

l_, Origin

Sketchl
rew Eye Slok
02 Carkridge Hole:
zcle Hole Cuk Guk
# (-3 Sketchs
« () Sketchs
7 sketchy
&7 Shetch@

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?2 is displayed.

Drag the rollback bar downwards to a
position before the 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.

[ sketchi
l = @ Screw Eye Slob

# [ A] Annotations
3= Balsa
\<§ Front Plane
Q Taop Flane
\<§ Right Flane
I_. 2rigin

= @ Balsa Black.

[ sketchz
= COZ Cartridge Haole
} fixle Hole Cut Out
# () Sketehs
47 (<) Sketche
% Sketch?
=7 Shetcha

R (EFTEY £
? re =

N ENED 2
(T

#LA| Annotations
3= Baka
% Front Plane
Q Top Plane
% Right Plane
I_. Origin
(= @ Eialsa Block
[ shketchi
(=1 Screw Eye Slot
[ shketchz

b= Sherchs

) Sketchs

&7 (=) Sketche

= shetch?
@ sketcha

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
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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.

Click (-) Sketch5 from the FeatureManager.
View (-) Sketchb5 in the graphics area.

(—) Sketchb5 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.

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

the designer.

WnlidWorkslﬁe Edit View Insert Took Window Help Qle@vﬁv%-ﬂﬁ)vl [ PR T

Sketch

& N-@-pn-BEos = A s &
Smart Convert @ma - Lt
Dimension a-3- 59 i A B ks Snﬁﬁeaz :}gg Sket te = s

= = G- - =* - = 3n

Rapid
Sketch

Features | Sketch | Evaluate | DimXpert | Office Products | @ ;;_j{--%' W@ (F-oo-@ R-9-
S [Tl =
(@&

% Race Car Block {Default< <Default>_Displz
@ SEnsars
& IE Annotations
4= Balsa
%% Front Plane
\<§\ Tap Plane
\& Right Plane
I.. Origin
= @ Balsa Block
B2 sketchi
5-@ Screw Eye Slob
[ sketchz
= @ CO2 Cartridge Hole
K2 sketchs
=1 [[&] Axle Hole Cut out
[ sketchd

epEmg
7 () Shet

7 shetch?
& Sketcha

*Isometric

<
T 101 Model [ Wolion Study

SolidWarks Premium 2010 Editing Part |2]
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Drag the rollback bar downwards to a position below
= a Balsa Block
Sketchs. [ sketchi
. =l I_ CFEW 2 20
Click Sketch8 from the FeatureManager. . é Sk:tih: =

. . . = @ 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. B ¢ ~ 0~ =

1 Create the first Extruded Cut Feature. o, O-R-0- A

Right-click (-) Sketch5 from the - - - @ -

FeatureManager. Featyres | Sketch [ Evaluste | Dimxpert
SRS~

Click Edit Sketch from the Context

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

i @ s
m the CommandManager' Extruded Revolved f Extruded
Boss/Base Boss/Base Cut

Click the Features tab from the
CommandManager. The Features

Features | Sketch | Evaluate | Dimxpert | Office Products

toolbar is displayed. F Cut-Extrude.

¢ % &
Click the Extruded Cut tool from [Eromm, 2l
the Features toolbar. The Cut - | [dehrine |
Extrude PropertyManager is [oirection 1 2|
displayed. B2
Select Through All for the End
Condition in Direction 1. Up To Surface

Offset From Surface
Up To Body
Mid Plane

«

|0 pirection 2

[ Thin Feature ¥

| selected Contours A |

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.

@snlid.Wnrkslwe Edit View Insert Tosk Window  Help Ql_l-

BoEl S 0 & 8 2. o

Sketch Plane v
Direction 1 A

O

g I

[JFlip side to cut

L ]

Draft outward

s af

|0 pirection 2 ¥ |
||:| Thin Feature ¥
Selected Contours A ¥
UO Sketchs-Region<1: I
z
*Isometric

Model otion Study 1

s latih e bala celine an die o Osad ot bty T iR 20 R0 SO D e

d | Ediing sketchs (7]

Pin |#] th T
in ] he |Fe et vew mset Tobs widow rep @013 -9 -[K]/8 2

Menu bar

toolbar and
the Menu
bar menu to

obtain access to both menus in this book.

Extruded Cut Feature
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2 Save the model.

Lesson 2: Designing the Race Car

Click Save from the Menu bar toolbar.

QSolidWorks | Fie dt ven sert Tos

wingon tep |11 - -bd-8%-9 ]2 - - 0x

Boss/Base Bosz/Base
7] Boundary Boss/Base

e \3 Swept Boss/Base i = Swept Cut @ g:: @ Rib Ej Wrap
- ! 4 Filet Linear
Extruded Revolved ‘J:l Lofted Boss/Base Extruded Hole Revolved m Lofted Cut Bathian E Draft e Dome 2
Cut Wizard Cut

] Boundary Cut E Shell @ Mirror

Features | Sketcn | Evaluate | DimXpert | Office Products |

»

el
i
% Feace Car Block (Default< <Defaul
@ Sensars
[+ {E Annotations
3= Balsa
\<§ Front Plane

Q Top Plane
- & Right Plane

QAASE B o RO

;.. Qrigin
= @ Bialsa Block. -
[ sketchi ¢
= @ Screw Eye Slob
[ sketchz
= @ COZ Cartridge Hole
[ sketcha
[+ @ Axle Hole Cut Out
B () Sketche
B sketch?
& sketchs "
= IE Cut-Extrudel
IAK
< i | *| Flsometric
Solidvorks Premium 2010 Editing Part 7]
3 Create the second Extruded Cut
E@ Screw Eve Slot
Feature. e
Right-click (-) Sketché6 from S@ 2@ 13 -
the FeatureManager. . @%::‘Z & 1
= = et.:ht. Sketch
Click Edit Sketch from the [ Sketch7|Feature (Sketch6)
Context toolbar. The Sketch !B_'% . Falto preis
. . . i QInmen
toolbar is displayed in the xua 1 R =
CommandManager. . /- v~ © & ©-
£ B o @
Click Right | &| view from the B @ 6 &3
& 1

Heads-up View toolbar. The Right
view is displayed.

Extruded Cut Feature

Right {Ctrl+4)
Rotates and zooms the model to the right
wigw arientation.

19
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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

— @ Swept BossBase I ﬁ‘

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

|0 Cut-Extrude ?

toolbar is displayed.
. — o X &
Click the Extruded Cut tool. The
From.

Cut-Extrude PropertyManager is '
displayed. -

) Direction 1.
Note: Through Al1l is selected for End =

Condition in Direction 1 and

. . Ve
Direction 2. I
il

>3

Check the Flip side to cut box. View R toc

the direction of the extrude. Ceete s nia]
Draft outward

Click OK from the Cut-Extrude [ Direction 2 A

PropertyManager. Cut-Extrude?2 is

displayed. B

Click Save from the Menu bar
toolbar.

| 210 !

20 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

Note:

FeatureManager.

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

Lesson 2: Designing the Race Car

= Screw Eye Slot

e
= coi;@i& 12 =

Roll to Previous

Comment

Click Back @] view from the Heads-up @
)

View toolbar.

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

View the dimensions of the sketch.

Sketch?7 is the sketch
for the CO, cartridge

hole.

Extruded Cut Feature

Hidden Lines ¥isible

Displays all edges of the model. Edges
that are hidden from the current view are
displayed in a dfferent calar ar fant.

!
|
i
! —R14
+ +
vs
SO EOO 21.50

65
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Click the Features tab from the
CommandManager. The Features
toolbar is displayed.

Click the Extruded Cut |[E| 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

| ~Extrude.

R &

From A
P =
| Sketch Plane |

Direction 1 A

(2] [trows s —p
g I
I%Flip side ko cut

)™ |

Direction 2 A
[wograt @

W[ ]

[O thin Feature ¥ |

| Selected Contours ¥

— R14

21.50

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 .

Lesson 2: Designing the Race Car

@SnliﬂWorks I File Edit View Insert Tools Window Help. QLD P A = e 5 | - 2. - B %

o

Boss/Base Boss/Base

Extruded  Revolved 8 Lofted Boss/Base
@ Boundary Boss/Base

. -3 Swept Boss/Base

]

Extruded Hole

Cut

® Swept Cut & diro (& we
Revolved m Lofted Cut L g,‘;'::;rn % Draft B Dome b

Wizard Cut

E Shell Mirrar

@ Boundary Cut - -

Features | Sketch | Evaluate

DimXpert | Office Products |

S ERAED >
T )
QE Race Car Block (Default< <Defaul
-[3] sensors
£ IE Annaotations
3= Balsa
% Front Plane
\<§>\ Top Plane
Q Right Plane
- ;_, Origin
(=] Balsa Block
E Sketcht
= @ Screw Eye Slak
A sketchz
= @ COE Cartridge Hole
[ sketcha
= @ #Axle Hale Cut Out
A sketche
2 sketchis
= @ Cuk-Extrudel
+-[@) cut-Extrudez
) @ Cut-Extrude3

lasaf

=

&

< | ¥

*lsometric

QRAYME P 6 @R O

10| Model [ Wofion Siu

]

SolidWorks Premium 2010

2]

Editing Part

Extruded Cut Feature
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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. ; e S
Click Edit Sketch [2| from the Context toolbar. The - %EEE: Féam;;ff::::::j;
Sketch toolbar is displayed in the CommandManager. ot | comment

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
i n —

Extruded Revolved C
Boss/Base Boss/Base ey

Fea%res | Sketch I Evaluate f 5

From A

Sketch Flane b |

Direction 1

A
Mid Flane iv_jJ
) I
iy | 50.00rr] =

Merge result
Y| I

Diraft outweard

||:| Thin Feature ¥ |

| Selected Contours ¥ |

Create the Front Wing
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Click Isometric view

Lesson 2: Designing the Race Car

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.

iSolidWorks |j Fle b vew st Tods Windon tep glﬁvavﬁ-&-kj.@a?._ 0%

@ Swept Boss/Base

s
Extruded Revelved a Lofted Boss/Base Extruded Hole
Bosg/Base Bosg/Baze Cut Wizard

| Boundary Boss/Base

w0 Swept Cut @ g:: @ Rib [i:i Wrap
Revalved m Lofted Cut e ;;q_:; % Craft 8 Dome >
Cut
@ Boundary Cut o 2 E Shell @ Mirror

Features | Sketch | Evaluate | DimXper | Office Products |
S (Flale|
(7

% Raace Car Block (Defaulk<<Defaul
- Sensors
E|-- Annokations
3= Balsa
&y Front Plane
& Top Plane
% @ Right Plane
I_. Origin
B--ﬁ Balsa Block
[ sketcht !
B--@ Screw Eve Slat
[ sketchz
= @ COZ Cartridge Hole
[ sketcha
= @ Axle Hole Cut Out
I sketchd
@ Cut-Extrudel
@ Cut-Extrude

»

e
@--@ Cut-Extrudes
l 3 Binss-Extrudel A%
i
< | *| *1sometric

QASHE@ F b @R O-

Solidwaorks Premium 2010

zl @

| Editing Part

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
area.

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

Zoom in on the back of the car as illustrated.

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

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

Sketch four lines as illustrated. The first point
is Coincident with the top horizontal edge of
the car.

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

SolidWorks

Engineering Design and Technology Series

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

wept Cut HH o Rb [ Wrap
fred Cut Fill Linear e
Save (Ctrl+S)

Saves the active document. irror

pundary Cut

Y [N ED 2
> _

% Race Car Block {Default<<Defaul
(7] sensars
[ [A] Annotations

£, ordPiEkeich fRight Plane)

57 | 3D Sketch On Plang|

Zooms to the area you select with a
bounding bo.

Zoom ko Area J

Sketches a line.

Coincident /

— | &
NI E RO &
4 |
| [ | gelect

_gue'ggh%;ei'tiés

Create the Rear Wing
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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.

Dimension the Rear Wing.

Click the Smart Dimension
tool from the Sketch toolbar. The

Smart Dimension R icon is
displayed on the mouse pointer.

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

Enter the 3mm dimension.

Create the Rear Wing

Lesson 2: Designing the Race Car
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A [zoomm
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%
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Sketch
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Click the illustrated edge and point.

Click a position to the right.
Enter the 8mm dimension. { 3

- §+ +

R2—— < . 1
Click the illustrated two points.
Click a position above the i 3
model.
8
Enter the 18mm dimension. 39 e |
R2 )C f
18 4
S f
+ + ?
.
R2 __ f

28 Create the Rear Wing
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Note:

Click the illustrated two edges.

Enter the 6mm dimension.

Click a position above and to the /1} | 3

right. = o .3 4.
_ , g 2 l
Sketch? is fully defined and is R2 ¥ L
displayed in black. 3
If needed, click the Reverse the
sense of dimension icon inthe 18
Modify dialog box. s
}
s
+ +) *
R2 l‘— 3
CliCk OK from the Reverse the sense of the dimension. D?d REVD"“EG B’DSSIBESE
Dimension vl | extruded
Boss/Base
PropertyManager. v X 82T
I &) - s - .

Create an Extruded Boss
Feature.

BO siLrude

Click the Features tab from the CommandManager. The ¢ x Gd'
Features toolbar is displayed. [From =
Click the Extruded Boss/Base tool. The Boss-— e =
Extrude PropertyManager is displayed. [Plmsian s
Iid Plane N
- . . 17%’
Click Isometric view from the Heads-up View i ‘
toolbar. £ [0l — E:.
Select Mid Plane for the End Condition from the Bttt '
drop-down menu. (]
Enter 50mm for Depth.
D Thin Feature v
Click OK [#] from the Boss-Ext rude ——

PropertyManager. Boss—-Extrude? is displayed.

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

Click inside the graphics area. View the results.

Create the Rear Wing 29
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Note:

Note:
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SolidWorks
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@s»lidWorks IFiIe Edit View Insert Tools Window Help StD'k}vHv@v@v I [,
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=

f IE])
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7 Boundary Boss/Base 2 Boundary Cut

@ (11}
ELL]
Fillet Linear

Pattern

% Draft e Dome bod
m Shell @ Mirror

[E:i Wrap

Features | Sketch [ Evaluate | Dimxper | Office Products |
Y ERl-AED i
(T )
% Race Car Block {Default<<Defaul

- @ Sensars
[+ A| Annotations

8= Balsa

: Q Front Plane

: @ Top Flane

i ‘<§\ Right Flane

fo I.. Crrigin
= @ Balsa Block.

[ sketchl

= @ Screw Eve Slot

K sketchz
= COZ Cartridge Hole

L Sketcha
= [[=) Axle Hole Cut out

N sketeht

& @ Cut-Extruded

& @ Cut-Extrude? v

i [@) cut-Extrudes
([ BossExtrudel
] @ Boss-Extrudez z

< | >| *lsametric

aaaf

QAASA@ -6 @R O

- &

g
e

100 ]|_Model | Motion Study 1

Salidworks Premium 2010

Editing Part

2 <)

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

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

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
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Insert Fillets

1

Insert a Fillet Feature.

Fillets creates a rounded internal or external face on the
part. You can fillet all edges of a face, selected sets of
faces, selected edges, or edge loops.

Click Hidden Lines Removed |(7| from the Heads-up
View toolbar.

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

Click the Manual tab in the Fi1let 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
edges are displayed in the Ttems To Fillet box.

Lesson 2: Designing the Race Car

R

[ Manual | Filletxpert |

Fillet Type

A

/ (@) Constant radius

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

Items To Fillet

Tangent
propagation

A | 3.00mm |=

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.

mﬁnlidWorks I File Edit View Insert Tools Window Help ’.QI

v

Features | Sketch | Evaluate | DimXpert | Office Products |
L =

S B e o
bl e (=YD R ]
=3 % Race Car Block (Default<<D...

« R

IManual Fillekxpert |

| Fillet Type aln
(%) Constant radius
() Variable radius
) Face Fillet

(O Full raund Filet A:j

@3- o

Items To Fillet ~

A [3.00mm 2
@ [Fdge<15> A
lEdge<le> =
{Edoe<17>
[ Multiple radius Fillet

Tangent

propagation

Racius:

s

) Full preview
() Pattial preview

¥ *Isometric

- Q-

AEEEAEEE

0L 1)1 Model [ Tiofon SuayT

Select a callout bo madify parameters Total Length: 457.89mm

Editing Part =]

Insert Fillets
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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.

Insert a second Fillet Feature. Fillet the Cockpit

Area.

Click the Fillet | €] tool from the Features toolbar. The ol

Fillet PropertyManager is displayed. /ﬁ Marual | Filetxpert | |

Click the Manual tab in the Fillet PropertyManager. d RS- ——
(®) Constant radius

Constant radius Fillet type is selected by default.

() Wariable radius

Enter 12mm for Radius. (O Face filet
(O Full round filet

| Items To Fillet A

> |

2.00mm

Insert Fillets
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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

. . . ARGIDER
view the back curved edges with the middle mouse S
button. %Variable radius
) . (¥Face filet
Click the Fillet | €] tool from the Features toolbar. The Oy Eull round filet

Fillet PropertyManager is displayed.

&

;_Items To Fillet

Click the Manual tab in the Fi11et PropertyManager.

&« |

| variable Radius

Constant radius Fillet Type is selected by default. Paromieters
Check the Variable radius box for Fillet Type. !.Setback Parameters ¥
| Fillet Options ¥

Insert Fillets 33
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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 VarFillet1 feature in the e
FeatureManager. Fletipert
Fillet Type A

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

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

5 Save the model.

Insert Fillets

() Constant radius

() Face fillst
(3 Full round Fillet

»

s

. Tangent propagation
Click Save from the Menu bar toolbar. i

() Partial preview

VIGW the Il’lOdel. @Nn preview

Variable Radius Parameters %

A | 1z.00mm |2
W2, 15mm _
¥ [z E

(%) Smonth transition

%[>

() Straight bransition

&«

| Setback Parameters

&«

| Fillet Dptions

EESolidWorks | Fie st vew et Tods wndow ke @0 -F-wl-&-9-F2- - 0x

U5 (2 swept Boss/Base ™ Swept Cut a1 oy Rib (@ Wrap
Extruded  Revalved a Lofted Boss/Base Extruded Hole Revolved m Lofted Cut = g‘;ﬁn E Draft B Dome >
Boss/Base Boss/Base Cut  Wizard  Cut o
@ Boundary Boss/Base @ Boundary Cut - - ﬁ shel 8 wirrer
Features | Skeich | Evaluate | Dimipert | Office Produdis | - A %

e EY » QAYME-F-w-@2-0-
wr
) Race Car Block (Default<<Defaul
- (i3] sensors
& [A] Annotations \
- 3= Baka :
% Front Plane
&5 Top Flane
\<§ Right Plane
L origin
= (& Balsa Block
C B skercht
= [@ screw Eye slat
H = sketchz
= [@ oz cartridgs Hale
- ket
= [@) fvle Hale Cuk ok
B Sketche
= [@) cut-Extruder
[@ cut-Extrudez e
@ [[@] cut-Extrudea
i+ [§ Boss-Extrude1

i ([@ Boss-Extrudez i
- F) Fillet1
) Fillek2 7

) VarFillett
[ | ?| *Isometric
TR0 [_Mode! [ Wotion Study 1
Solidarks Premium 2010 Editing Part [2] &)
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Create an Assembly

Note:

Note:

36

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 Hidden Lines Removed 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.

IL—I%L;?'H'Q“@'@'(%_FIB
I:I [=h1)

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

- g g e

LE S W
SERE
_Begin Assembly
O
Message v
Part/Assembly to ﬁ-

| Insert
Open documents:
Race Car Block

Browse. ..

[ Thumbnail Preview v_3

2
| SRS

:.Dptions

| 1 Start command when
creating new assembly

[ Graphics preview
[1rake virtual

sy 2
ha

@ Asseml (Default<Display State-1
3] sensors
[ [A] Annatations
\<§\ Front Plane
\<§\ Top Plane
\<§\ Right Plane
I.. Crigin
[ % (F) Race Car Block<1>

@@ Mates

O-28 & s-92-6-8 &

d
ssembly Referen
eatures  Geonf Gave (Ctel+S)

SN\Ne 8§ 3

ded

Saves the active document. r\
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6 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.

@SBIidWorks | Fle Edt vew msert Toos window Help -.EIE] BoE--0 -8 2-- 8%

Lol 143

2 g 0 & £ @ o »

Insert Mate . Linear St Move SHow Assembly Reference | oo Bil of | Exploded %

Components Compan... ot Component Hiddan Features Geometry Motion | Materials T
- - - Components - x Study

Assembly | Layout [ Sketch | Evaluate [ Office Products | = %
e & PN o & - o
®T5 % LANMB F 6o @B O-
(T~ )
@ Race Car (Default<Display St

ﬁl Sensors
=8 il Annatations

& Front Plane

Q Top Plane

Q Right Flane

I_. Origir
%8y {F) Race Car Block<1 > (De
& % (- Ale<l = (Default<<De
= % (-3 Axle<z > (Default<<De

i
M Mates -:J
=] il > *1sometric
ldlla] ¥l nl] Model | Motion Study 1
Solidworks Premium 2010 Under Defined  Editing Assembly 7] @

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.

8 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>.
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Click Cancel from the Insert Component PropertyManager. View the

updated FeatureManager.

gl SolidwWorks |j Fi= Edt View Insert Tods indow Heb j{[] N S

9@ 2 -ox

s & B -
Insert e Move
Components  Fatoners Companent

o
o, | Assembly Reference
e Features Geometry
Components

k)
New Bill of
Motion | Materials
Study

Exploded
View

¥

Assembly [ Layout | Skeich [ Evaluate | Office Producis |
@ Elff B 2

@ Race Car (Dafault<Dlsplay 5t
(&) sensors
(# [A] Annokations
@ Front Flang
@ Taop Plane
By Right Plane
1, origin
e @ (f) Race Car Block<1> (De|
¥ Axle<1> (Defaulk<<De
Axle<2> (Defaulk<<De
wheel<1> (Defaulk=<l -
wheel<2> (Defaulk < <l
wheel<3> (Defaulk< <l
-) wheel<4> (Default< <)
ates

¥ W& d-

i
-
-
4
-

il I *| *Isometric
[P [ Model [ Motion Study T |

S @

B .
8-

=

x

[t 8 |6 e |

SolidWorks Premium 2010 Under Defined

Editing Assembly [7] <]

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.

Apply the Rotate Component tool.

Rotate the two Wheels located on the left side of the
model.

1"

Click the Assembly tab from the

-1 Axle< 2=
3 % (=) Wheel< 1>
RN ( ) Wheel< 2

2% () whebs
CommandManager. [ Mates
Click Whee1<3> from the FeatureManager. This is [ = a
the rear left wheel. Move | gnev. | Assembly

Component Hidd.. Feat'ures
Click the Rotate Component | & | tool from the B |bve component 2,
Assembly toolbar. The Rotate Component ' | rotate Component

PropertyManager is displayed.

38
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Rotate Wheel<3> as illustrated.

Click Wheel<4> from the fly-out FeatureManager.

This is the front left wheel.
Rotate Wheel<4> as illustrated.

Click OK from the Rotate Component

PropertyManager.
Rebuild the model.
Click Rebuild from the Menu bar.

12
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w Race Car (Default<Display 5. |
lﬁl Sensors
+-[A] Annatations
\<> Front Plane
I \<> Top Plane
\<> Right Plane
I—» Crigin
+ % ({Fy Race Car Block<1 =
- () e
8 () ez
8 () whesl<1 >
8 () whesl<z>
- () whesl<a>

[+

12 sensars
#A] Annotations
Q Front Plane

1 - <“>. Top Flane
Move m <‘>. Right Plane
—_— Origin

Rotate +-% (f) Race Car Block<1 > (0.,

- () e <1 > (Defauit <<,
-8 () e <2 (Default <<,

G |Free Drag
| Dptions

Standard
@ Drag

Collision
o Detection

e Phys\ca_l
= Dynamics

[ pynamic Clearance

Advanced Dptions

[] This configurationi

IMates
@SolidWorks || File Edit View Insert Tools Window Help 3[ Bold-2-8-014 -8 2+ = L1 &K
]
Move
Mate Component &
Assembly | Lavout | Sketch | Evaluate | Office Products | - B X
o = ﬁl}ace Car (Defauk<Display 5... 5 &) %% @v tfﬂv Bt ~ - @~

B EIEIEY

Iﬂn’u«'u Y10 Model [ Tiotion Study 1 ]
S

elect a component and drag ko rotate it

Under Defined  Editing Assembly

8 3

Create an Assembly
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Insert Mates

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

Note:

40

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

m  Symmetric

= Width

m Path Mate

m Linear/Linear Coupler
m 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

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.

Mate

| Mate Selections N

(@)%

| Standard Mates
| |Z| Coincident

I |\T| Parallel

I |@| Concentric

| E‘|_| Lock,

[N E

o R )

=

B | | =

|I | Perpendicular

|g | Tangent

)

Advanced Mates ~

|_|Z|_ | Symmetric

[ o] path Mate

|Z| LinearjLinear Coupler
(il

[P 30.00deg.

Insert Mates
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1 Mate the Axles to the body.

i e i B
Create a Coincident mate between PLCN ST I ...
the rear axle and the body. C"‘“P?”B”t? BOML« octipers COMTIGRSE
Assembly [ Layout [ Skfich [ Evaluate
Click the Mate | §| tool from the =2 e MR YTz
Assembly toolbar. The Mate (2] sensors B () Aot
: : + lil Annotations @I Sensars
PropertyManager 18 dlsplayed' :<>\ Front Plane i IA__I Annotations
Tip:  Zoom and/or rotate the view to make g ;i”g"htp':;:e i; -
it easier to select the faces or edges L orign X Top Plane
you want to mate. [ %%Rsa::;: e <I:>. Or%n
Expand the fly-out Race Car : :f;‘;;zztamns L @?ﬁ:ﬁf
FeatureManager in the graphics area. g Front Plane +® () wheel<t>
3% Top Plane
Click the Race Car Block/ <§ R
. . Oridil
Right Plane in the fly-out + [ Balsa Block
FeatureManager. . Coincident1
. W K 9
Click the Race Car Axle<1>/
Right Plane in the fly-out Sl
FeatureManager. Coincident mate is [Mate elections Al
selected by default. &4 [Right Plane@Race ¢
. |%I i tight: Plane@#axle-10 |
The selected
planes are
displayed in the
Mate
Selections
box.
Click Add/Finish
Mate to accept
the mate.
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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 R

to accept the mate. S v
Note: In this section, position the —————— m

model to view the correct ]

sketch entity. Apply the

Zoom to Area tool, the

middle mouse button, and
the f and z keys.

NL>@6 Hn*) @l

2
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3 Insert a Coincident Mate.
Create a Coincident mate
between the front axle and the

body.

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

Lesson 2: Designing the Race Car

% Race Car (Default<Display 5. Fillst2

i_@ Sensors

+-[A] Annatations
\<> Front Plane
\<> Top Plane
\<> Right Plane
I—» Crigin

@ varFilet1
=B

=8 () Ade<z>
i_ﬁl Sensors
+{A] Annatations
8= 2024 alloy
I \<> Front Plane

+- (%] Mates in Race Car b
FeatureManager. ;II e e _ %TW Gk
. + '_ﬁ nnokations : :
Click the Race Car E‘ e I %gfﬁel
Axle<2>/Right Planein ' %an“"ane B () wheel<t >
% Top Plane
the fly-out FeatureManager. ® Tg
.. . L omdn
Coincident mate is selected by + & :a|sa Block
default.
o K B
« o
i !Vlate_g_elections ﬁ_
@ ¥ [Right Plane@F:
(&) s
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 Ax1le<2>.

Concentric mate is selected by
default.

Click Add/Finish Mate | ¢ ] to s
accept the mate. v X9

=

In the next section mate the
Wheels with the Axles.

N SLe@erh @Bk
W
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1 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>. g~ ///’/:

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

Concentric is selected by default.

Click Add/Finish Mate | ] to accept
the mate.

Note: Position the model to view the correct
sketch entity.

o K 5
=

Mate Selections ~

[Face<z =@Axle-2 1

AddiFinish Mate
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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 Wheel1<2>.

Click the outside end face of the front right

Extrudel of Axle<Z=

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.

in
Revolvel of Wheel<l>

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.

Click OK from the Mate PropertyManager.
4 View the Created Mates.

Expand the Mates folder from the f.@@ G
FeatureManager.

A Coincident1 {Race Car Block<1=,Axle<1
5 © 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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@SolidWorks.Fue Edit View Insert Tools Window Help g‘?[[]vﬁé-ﬁ-@. 5 -[5]-)8 2 -0x

n Bk = o
B o i & © % ! » Y
Insert Mate Linear St Move Show Assembly Reference Meews Bill of Exploded 4 »
Components Compon... Eldares Component Hidden Features Geometry Motion| Materials View
- e - Companents - - Study
N w5 , =
Assembly | Layout | Skeich | Evaluate | Office Produdis | A BE-F-6r-@R- Q- _ 8 %

Rl »
(T~

@ Race Car (Defaulb<Display State-1=) A
@ Sensors
= IE Annokations
i+ !E Lights, Cametas and Scene
\<‘->‘ Frant Plane
@. Top Plans
@i Right Plane
L Qrigin
(=] % (F) Race Car Block=1 > (Defaulk< <De
T8 () Axle <= (Defaul < <Default= _Dit
-y () Bxle<z > (Defaul< <Defaults _Dit
& Q& (-) whesl<1 > (Default < <Default>_f
-y () wheel =2 > (Default = <Default>_f
-y () whesl <3 (Default < <Default>_f
-G () whesl<4 > (Default < <Default>_f
= mm Mates
A Caincident1 (Race Car Black=<13
@ Concentricl {Race Car Block<1=
)< Coincident2 (Race Car Block<1>
@ Concentric2 {Race Car Block<1=
@ Concentric3 (Axle <2=,Wheel<2:
H Distancel {Axle <2 =, Whesl <2 =) L
@ Concentricd (Axle=<1x,Whesl<1:
|‘—>| Distancez (Axle<1=,\wheel<1>)
@ Concentrics [Axle <1 > Whesl<3:

PR P ST T D T O - SO

< |

Flsaemetric

Motion Study 1

Select entities to modify their appearance

Under Defined

Editing Assembly 7]

5 Save the model.
Click Save

Insert Mates

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

Car

Note:

Note:

48

When you are finished and ready to
race, your car has to weigh no less
than 55 grams. This does not include
the CO, cartridge. Check the weight

of the model. Apply the Mass
Properties tool.

Click the Evaluate tab from the
CommandManager.

Click Mass Properties from the
Evaluate toolbar. The Mass
Properties dialog box is
displayed.

Click the Options button.

Check the Use custom setting box.
Select 4 for Decimal place.
Click OK.

The Mass = 54.9815 grams.

The mass can be different if you did
not fillet all of the edges or too many.

There will be eye hooks, paint,
decals, and sanding. Use this mass as
an estimate and make sure to weigh
the completed car before racing. A
list of critical dimensional rule
requirements are provided at the end
of this lesson.

The mass of the Axle part using 2024
Alloy is .9896 grams. If the Axle part

SolidWorks

Engineering Design and Technology Series

Interference  Clearance Hole
Detection

Gt q
o5 " NE] 3] &
Measure Mass Section

Verification  Alignment Properties Properties

Assembly | Layout | Sketch | Evalyate | Office Products
R« > |

T |

T :
af Mass Properties

Units
[ 5cientific Motation
O Use document settings

%Use custorm settings
Length:

Decimal places:
Millimeters | a

-
|

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

Mass properties of Race Car { Assembly Configuration - Default ) ~

Output coordinate system: | - default — e
Race Car SLOASH

Selected items;

Include hidden bodiesfcomponents
Shaw autput coordinate system in corner of window

D Assigned mass propetties

Output coordinate System: -- defaulk --
Mass = 54,9815 grams

Volume = 200794.7124 cubic milimeters
Surface area = 61465.9535 milimeters 2

Center of mass: { millimeters )
# = 0.0006
¥ =11.9525
Z=99,5003

Principal axes of inertia and principal moments of inertia: { grams * square millio
Taken at the center of mass,
Ix = (0.0000, -0.0358, 0,9994)
Iy = (1,0000, -0,0000, -0,0000)
Iz = {0.0000, 0,9994, 0.0358)

Px = 28332, 2504
Py = Z06262.74E
Pz = 225098.053

Moments of inertia: { grams * square milimeters 1
Taken at the center of mass and aligned with the output coordinate system.

Lxx = 206262, 7459 Ly = -0.1369 Lxz = 0.7336
Ly = -0,1363 Lyy = 224845.58744 Lyz = -7039.719¢
Lzx = 0.7336 Lzy = -7039.7195 Lzz = 28584 434

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

< >

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.

Save the model.

Click Save from the Menu bar toolbar.

Calculate the Weight of the Race Car
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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 ﬁnlshed al’ld ready to Detection  Verification Alignment Properties Properties|

race, your car can’t exceed 210mm in Assembly | Layout | Sketch | Evaluate | Office Products
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.

1 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:

Note: The Balsa Block is223mm x S0mm 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 49
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2 Measure the Wheel<2> diameter.

SolidWorks

Engineering Design and Technology Series

Right-click inside of the Selection box. MeamweBaceCarsioasi
b~ | - @ -
Click Clear Selections. = -
Edge<2>@Race Cal _%Ear Selections
Click the diameter of the front Wheel<2>. TDelets
. . Distance: 211.21mm|
The diameter of Wheel<2> is 32mm. Delta ¥: 8,58mm Custamize 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.
@SnlidWolks ' File Edit View Insert Tools Window Help QlD S A = R I R . I S o
v
5 8 3 & =9 Rk
Interference  Clearance Hole  [Measure | Mass Section Sensor  Assembly  Assembly¥pert | Curvature | Compare , b o »
Detection  Verification Alignment Properties Properties Visualization Documents
Assembly | Layout | Skeich | Evaluate | Office Products EE e @ RO -8
®(5IR| > .
2
= s
@ Lace Car (Default<Display Stake-1>)
\-@] Sensors
5l [A] Annotations Lengeh: 100.53mm
[+ El Lights, Cameras and Scene Diameter: 32mm
@ Front Plane
Q Top Plane
Q Right Flang
;., Crigin
(= % (F Race Car Block<1 > {Default < <Defar
= % {-3 Axde <1 = (Default < <Default>_Disple
[ % (-} Axle <2 (Default<<Default>_Disple' TN .
e % (-1 Wheel<1> fDeFauIt<<DefauIt>7Phcj Diamehar m
[+ % (-3 wheel<Z > (Default < <Default=_Phc Center:  [35mm 1 0mim 1 70mm | &
1 %8 () Whesl<3> (DeFauit<<Default>_Phe z
% () Wheel <4 (Default<<Defauls_Phe :
+1 [l mates ==
Y
ol
£l | *| *Right
el sl | Model | Motion Study 1
Solidworks Premium 2010 Under Defined  Editing Assembly @]
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3 Measure the center distance between the
two Wheel hubs.
Right-click inside of the Selection box.

&b+ | e o

Measure - Race Car.SLDASM

vE]v

®

Click Clear Selections.

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

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.

Q Top Plane
@’\ Right Plane
;_, origin

(] % () Race Car Blov h
58 () Aot > (De % 3
Mo

-y () Axle <z (De
=B
w %
58 () Wheel <3 (1
G () Wheel<d (1
=] @@ Mates

Ceriter Dist:

< | 5| =Right

f\lﬂ-ﬁﬂliﬂwc‘lkﬁ Fle Edit View Insert Tools Window Help (& | O-2-B-%-9-L-8 2 --08%
-
4 = &
B @ |a|lm ®m e s B R =
Interference  Clearance Hole Measure Mass Section Sensor  Assembly  AssemblyX¥pert | Curvature | Compare At »
Detection  Verification Alignment Properties Properties Visualization Documents
7 ea e ace a DA -
Assembl Layout | Sketch | Evaluate | Office Produ i = 4
y | Layout | | | P b am [ - @ - -8 %
elElE -~ - Q-
(T~ ™ -
@ (Default<] @
e The twio selected ikems are parallel,
(] Sensars Diskance: 135, 00mm ﬁ
[ A] Annotations Delta i2: 0.00mm
E H Delba ¥ 0.00rmm =)
Sal: i Lights) Cemeras Delta 2 135.00mm @
<‘~>\ Front Plane Total arear 47.52 milimeters™2

o] [

Wil e Model | Motion Study 1

Salidworks Premium 2010 Under Defined  Editing Assembly

]
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Create an Exploded view

Note:

Note:

52

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

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

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

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

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

Click the ConfigurationManager [[2] tab.
Right-click Default from the ConfigurationManager.

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.

I@@u@g I
|- Explode |

xplode

@ R 5

'_ How-To:

&« |

Explode Steps i
Settings

@

[

&

| 20.00mm -

|

[ Apply ] I Cone l

Options A

Autc-space
components after
drag

= J

Select sUb-assembly's
parts

Revse Sub-assembly
Explode

Add SpeedPak

Drag the wheel far enough to the right to leave room for Ax1e<2>.

Click the Done button from the Settings box.

Create an Exploded view
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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 Wheel<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.

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.

6 Create Explode Step6.
Click the right back Ax1e<1> of the model. A Triad is =] %nlode Step2
. Wheel-4

dlSplayed. = Iﬂ Explode Step3
Click and drag the red/orange Triad arrow to the right. I,_rjﬁl‘;‘;“::';;m
Click the Done button from the Settings box. View g Iﬂgpl\:dh::::-:ps
the model. B A2

= .ﬂ Explode Stepé
Expand each Explode Step in the Explode Steps o i
box. View the results.

Create an Exploded view
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7 Return to the ConfigurationManager. —
Click OK [#] from the Explode '

Config: ns
Brtee el on i
= @ Race Car Configuration(s)

PropertyManager. AR Daok [Ree o ]

8 Animate the assembly. I
Expand the Default configuration. ExpViewl ﬁ:i%“imate 2l
is displayed. X |Delete

Right-click ExplView1.

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

56

||

L et
FeatureManager design tree |-
= S RECE ar Congar et
= T2 Default<Display State

QRS D - @ B O-
%@@ﬁ
B @6 B
& i
BEE8
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B SolidWorks jf Fle Edt view meert Tods window Hep Qi[‘] e =T | -[EEJ B 2--0A %
X W o6 ¥ @ g S B R Bk
Interference  Clearance Hole  Measure  Mass Section Sensor  Assembly  AssemblyMpert | Curvature | Compare , %o »
Detection  Verification Alignment Properties  Properties Visualization Documents
fse_r‘n_my_LLayout | Sketch | Evaluate | Office Products | AOEHE-F-o-@R-Q- - A%
AlER=Y %
(T~ "
@ Sensars
[ [A] Annotations \
(] @ Lights, Cameras and Scene £
Q Front Plane » \ 5
‘(}‘ Top Flane 4
Q Right Plane .
I_. Crigin e .
r_»a-% {Fy Race Car Block=1 = (Defau
[ % (-3 Axle<1> (Default < «<Defaul
= Q (-) Axde<2 (Default<<DaFauﬂ
[+ 98 () Wheel<12 (Default < <Def: = : £
-8 () Wheel <23 (Default < <Defd B
=%y () Wheel <33 (Default<<Def. f
(31 T8y (-) Wheel<4> (Default < <Def:
e @@ MMates
\ f
Solidorks Premium 2010 Under Defined  Editing nssemh\\_ﬂ E
1 Open the Race Car Block Part from the
= |A] Annotations
A§seml:fly. e |
Right-click (f) Race Car Block<1> from - TopR|ER B 8B G 18 S B B
% Right] = -
the FeatureManager. <§ = ae
- tigi
Click Open Part |¥| from the Context toolbar. 5@ (o] BR Ivert Selection
The Race Car Block FeatureManager is L 20 p—
. w2 ()
dlSplayed. = % W -Eomponenl: {Race Car Block}
BB sy Hidden Tree Items
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2 Return to the Race Car Assembly.
Click Window, Race Car from the Menu bar
menu. The Race Car assembly is displayed.

Open the Axle Part from the Assembly.
Right-click Ax1e<1> from the FeatureManager.

Click Open Part || from the Context toolbar. The
Ax1e FeatureManager is displayed.

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

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

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

Click the left edge of
Axle<l>.

Zoom in if needed to
select the edge.

Click the right edge of
Axle<l>.

View the results.

Measure the diameter of the Axle.
Right-click inside of the Selection box as

llustrated.

Click Clear Selections.

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

toolbar.

SolidWorks

Engineering Design and Technology Series

[ windon | bep @ | - - [ -

+ || Race Car Block,SLDPRT

Viewpork

I% e Window
Cascade

E | Tile Horizonkally

03 | Tile vertically
Arrange Icons
Close all

Race Car.5LDASM

Brovi}‘; Open Documents.,.  Ckrl-Tab

Customize Menu

% TopPene

_ @, ., Component {Axle)

8N BB

| Go To..,

EdEe<1>

Tokal Length: 18.8Smm

Certer Dist:

Measure - Anle.SLDPRT

&b mm[ e/ B @ -

Edge<2= lear Selections

e ——] lete
Distance: 5(
Delta ¥: 50,
Delta ¥: 0.0
Delta Z: 0.00mm
Total Length: 18.85mm

Customize Menu
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Click the circumference of the

Axle<1>. The diameter is 3mm. -

-&-

a5 2

Close the Measure - Axle

dlalog box. iameter Length: 9.42mm
Center: | 25mm,0mm Omm Diarneter: Sram

Click Isometric view from the
Heads-up View toolbar.

6 Return to the Race Car
Window | Help & l E] - L:}} - ﬁ =

assembly.
Click Window, Race Car from the Menu bar 2 :ewm_rt
v Window
menu. Cascade
. . E Tile Haorizontally
The Race Car assembly is displayed. T | Tie vertically

Arrange Icons
Close all

Race Car Block,SLDPRT

Ra§ Car, SLDASM
E e |"Ax \SLOPRT

Browse Open Documents,,,  Ctrl-Taby

Customize Menu

1 Explore various Scenes and View Settings.

Click the drop-down arrow from the Apply CHER
. . ackdrop - Amnbient White
scene tool in the Heads-up View toolbar. Backdrap - Black with Al Lights
. . Backdrop - Grey with Overhead Light
VleW your Optlons‘ Backdrop - Studio Room

Backdrop - Studio with Fill Lights
Warm Kitchen

Click Backdrop - Ambient White.

View the results in the graphics area. e ek
E| Plain White
Click Plain White. Courtyard
Factory
View the results in the graphics area. Office Space
Rooftop

Click Warm Kitchen.
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Click the drop-down arrow from the View settings
i { tool in the Heads-up View toolbar.

Click the Shadows In Shaded Mode ] icon.

s B
@ | Realview Graphics

—p @ | Shadaws In Shaded Mads

ﬂ | Perspective

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.

EpsolidWorks | Fe Edt Ven et Tods wndon ek |1 (3l - -9 B8 2--ox
v
e i B =)
o5 W B8 3] 1 & 8 Check
Interference  Clearance Hale Measure ~ Mass Section Sensor  Assembly  AssemblyXpert | Curvature | Compare Active »
Detection  Verification Alignment Properties Properties Visualization Documents
Assembly | Layout | Skeich | Evaluate | Office Products | QOGS HME-F 6@ B - - A%

AN

»

o~
@ Race Car (Default<Display State-
@I SEnsars

[ EI Annatations

= @a Lights, Cameras and Scene

\<'>\ Front Plane

Q Top Plane

\<\>\ Right Plane

I.. Crigin
E2] % (F) Race Car Block<1> (Defau
By () dode <1 = (Default< <Defau
= By () dde <z (Default< <Defau
8 () Whesl<1 > (Default < <Def:
=18 (-) Wheel<2>» (Default <<Def:
[ % (-3 Wheel <3 (Default £ <Def:
1 W8 (-) Wheel <4 > (Default < <Defé

| m@ Mates

aaaf

=2
&

<

>

Solid/orks Premium 2010

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.
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Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

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

2009 - 2010 Rules and Regulations

folder from the Flinschools.co.uk
site.

Race Car Dimensional Requirements

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.
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Wheel dimensions copied from the
2009 - 2010 Rules and Regulations
folder from the Flinschools.co.uk
site.

Wheel to Body dimensional
design requirements copied
from the 2009 - 2010 Rules and
Regulations folder from the
Flinschools.co.uk site.

62
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Wheel Dimensions

No.
4c.
4d.

de.
4t

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:

Structure Min. Max.
Front wheel diameter * 26 34
Front wheel width * 15 19
(at surface contact point)

Rear wheel diameter * 26 34
Rear wheel width * 15 19

(at surface contact point)

(all dimensions stated in millimetres, mm.)

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

4h.
the whols diamster/circumference of the
wheel.

Wheel dimensions must be consistent with

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.
Ba.

5b.

Structure

Front wheel visible Yes/No
(from the plan/side view)

Rear wheel visible Yes/ No

(from the plan/side view)

Race Car Dimensional Requirements
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Power Plant dimensional design
requirements copied from the
2009 - 2010 Rules and
Regulations folder from the
Flinschools.co.uk site.

Car Body and Wings
dimensional design requirements
copied from the 2009 - 2010
Rules and Regulations folder
from the Flinschools.co.uk site

Race Car Dimensional Requirements

Lesson 2: Designing the Race C

ar

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

Bd.. Wall thickness 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
rke aooordingly

3 mm the oar wil

not be allowed to race and lcose ma

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 aerofoll 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.
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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.

AN
Click File, Open, or click Open Finans:  [Raoe Co SLDASM = z]
from the Menu bar toolbar. e —— = 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 Dranng from —»E Make Drawing From PartfAssembly ‘ -
Part/Assem bly tool from the g@ Make Assembly From Part/Assembly mj
Menu bar toolbar. ; :

Mew SolidWorks Document
Accept the standard Drawing [ Templates | Tutorisl|
Template. '
Click OK from the New
SolidWorks Document ,
dialog bOX Sheet Format/Size E|

’ (&) Standard sheet size . :

Click OK from the Sheet P
Format/Size dialog box. s e

C (ANST) Landscape
D (ANST) Landscape |
|E (ANSI) Landscap

BN {AMEN 1 andsrans

- o =
| a - landscape siddrt T = = —
Display sheet format width:  279,40mm
Height:  215.90mm

OE Cancel Help

™|

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

Lesson 3: Create an Assembly Drawing

Click Properties. The Sheet Properties dialog box is displayed.

msnliﬂkas | Fie Edt View Insert Took Window Help ] | O-2-lH- -

Gl 2 - - o x

e e

e RSl e Pk C Mirror Entities
@ '.., ﬁ
Smart Trim man
| e D e g‘ﬁzg 238 Linear Sketch Pattern

S0

| Display/Delete

Relations

View Layout | Annotation | Sketch [ Evaluate | Office Producis |

< | 3
R [ Sheet:

- 8 %
—— @ o -~ o
B » LANDS Wil o
Y ) [
Race Car e
3 Select Othy
[A] Annotations o Al il
= Zoom|Pan/Rotats 3 |2
= Sheet Format [a]
4 e
(T E— 12
Edit Sheet Format | £
Lock Sheet Focus =]
Set Resolved to Lightweight
3 Add Shest...
4 o
4 135 | copy
X | Delete

57 | Properties...
Relations/Snaps Options. .,

Comment
£ | Smart Dimension
More Dimensions

S,

A Roce Car

SCaIE S wocw!

Annotations
Drawing Views
Tables

=

[T

Show/Edit the Properties of the current selection,

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.

Under Defined  Editing sheett 1:5  [2]
Sheet Properties EJ
o Type of projection
Name: | Shestl s : i Mlext wiew label: A
i - () First angle =
sealer |1 |+ |5 Mext datum | A

Sheet Format/Size

(&) Standard sheet size
] only shaw standard Format
A(ANglj Land;cape ~
| & (AMST) Portrait

D (AMST) Landscape
E (ANSI) Landscape
A0 (ARST L andscane

:. :_ | /@ Third angle

Previzm

=

v

b - landscape.slddrt

| [ Browse. ..

’ Display sheet Format
A
() Custom sheet size

Use customn property values from model shown in:

Width:  431.80mm  Height: 273.40mm

iDefau\t

vl

Cancel

The drawing sheet is displayed.

Create an Assembly Drawing
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Note:
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Set Document
Properties.
Click Tools,
Options, or click
Options

SolidWorks

Engineering Design and Technology Series

Race Car - Sheet1

nter Mark ==z
Tables

Options

Changes options settings For Solidwiorks,

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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B SolidWorks jj Fie Edt Vew Insert Tods Wndon Hep 2I0-2-k-&- Gl 2--08x
& \ - - r‘J =G Qf ﬁ ‘lﬂ Mirror Entities [
Smart Trim HEH ) Display/Delete
Dimension 0- _D = ‘6’ M Entities S_&::ié =22 Linear Sketch Pattern M Relations
. @0 - - i 4
View Layout | Annotation | Sketch I—Evaluate | Office Products | - B %
= @ T he .
» AN NE 6t
Race Car "@
|i[ Annotations .ﬂ
= [ shestt D
Sheet Farmat E
View Palette s _='°-
Click ta display this task pane tab. f; b
3
b
B
T T B RaceCar ™
£ >
[RIRIRIRI] (& sheet1 [T
Solidworks Premium 2010 452.2Zmm  206.9%mm  Omm Under Defined  Editing Sheet 1:5 7] &

8 Insert an Isometric view.

. . . . . Drag views onta drawing sheet
Use the View Palette to insert drawing views. The View ’ ’
Palette contains images of standard views, annotation
views, section views, and flat patterns (sheet metal parts) [ﬁj i
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 tab from the Task ﬁ E%
Pane.
. . *Top *Back
Drag the *Isometric icon into Sheet].
The Isometric view is displayed. The Drawing Viewl = m
PropertyManager is displayed.
*Left *Bottom
*Current *lsormettic
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9 Modify the Sheet Scale and Display mode.
Check the Use custom scale box.

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

Click OK from the Drawing Viewl
PropertyManager.

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

bar menu.

= E =l @;@l

7~

3
o

Scale A

() Use sheet scale
(®) Use custom scale

é_User Drefined

User Defined
IUze model text sca;

£l

@SulidWorks i File Edit View Insert Tools Window Help ‘SID - L,a' - ' o R{ - 2 -~ B X
& N-G@-pn-ox 2 m L\ wirror Entities
Smart Trim mom Display/Delete
Dimension 0- -> T @ T Entities é]Ffs_et e T Relations
ntities ..
e - @ - o i -
View Layout | Annotation | Sketch | Evaluate | Office Products | - A %
|_|§‘ » ERUE. w8 Uy SRR
& " ]
Race Car
|I| Annotations @
|’z
@
E
=
=
4
4
4
‘Race Car
< | =
| [&Sheett [TT
SolidWarks Premium 2010 425.66mm  -16.44mm  Omm Under Defined  Editing Sheetl 1:5 7] @
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1"

12

13

14

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
Format.

A 7Cemturv Gothic

l[oclvle3sm]| AB 1 U S EE= 8x s

Lesson 3: Create an Assembly Drawing

Sheet {Sheetl)

i Edit&:eet Format
Lock Sheet Focus

Set Resolved fio Lightweight
Add Sheet...

SIEL

Zoom in on the Title
block.

L

SCALE: 1:5 |WEIGHT:

" SHEH

Double-click Race Car
in the Title box.

Select 22 from the drop-down menu.

Click OK from the Note PropertyManager.

Return to the drawing.
Right-click Edit Sheet.

View the results.

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

Save the Drawing.
Click Save . 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

" adBsreet..

| copy

X | Delete

¥ R

Table Template R
[ bom-standard 1 |§5|

[Table Position a|

|
Attach to anchor
D poink ‘

[BOM Type Al
[ ;:3:\ T“n‘p:—level only H
) Parts onily
() Indented

| -El;nli-gurai:-ions

[ZIDefaul
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1 Create a Bill of Materials.
Click inside the Isometric view. The Drawing Viewl
PropertyManager is displayed.

Click the Annotation tab from the CommandManager.

Hale Table
Click Tables, Bill of Materials. The Bi11l of P il of Materias
Material PropertyManager is displayed. Accept the % ;“?'_bas:dbls‘" of Materials

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

Click OK fromthe Bill of Material
PropertyManager.

=

Tables

oY

General Table

« R

| Table Template 3

[berm-standard | |@.‘_3 |

[ Table Position A
Click a position in the top right corner of Sheetl. prL it
View the results. [BOM Type A
(®) Top-level anky
Note: You select a Sheet format when you open a new
. ; . (O Parts only
drawing. The standard Sheet formats include links to i
System properties and Custom properties.
2 Save the drawing.
Click Save .
@SolidWo[ks | Fle Et View Insert Tods Window Help Ql O-F-H-=-9 '@‘ f 2--0x%
Frd CUE SB Balloon v surface Finish Geometric Tolerance () Center Mark
oot Mocel | spel  Format | flote S AutoBsloon /P Weld Symbol Bl Pl e Ao »
Items = Checker Painter — Hatch/Fill
. A\ U% Hole Callout  {A) Datum Target <
View Layout | Annotation | Skeich [ Evaluate | Office Producls “—L Qg P~ 6~ _ 8%
|j’ »
(7 =
[BF Racs Car | CErmeRZTIT T E—TFIrT o] Jusd
:ﬂ Annotations Ib~- e |ﬁ
= [3 sheet1 rg
Sheet FormatL
I Drawing Wiew1 b M ;?i
B il of Materials1 o pr: |52
» &
T &
-
3 [ &
. S
LT
lEescac -
< >
[RIRRN] [5sheett [T
Solidworks Premium 2010 435.42mm 115.96mm  Omm Under Defined Editing Sheet1 1:5 Iz‘ @
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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. B —

LE_-‘- Copy k
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. Dlocple il st
Drag the *Front icon into Sheet2 in the bottom left
corner. The Front view is displayed. The Projected [}%  ad
View PropertyManager is displayed. _

(A Front *Right

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

3 Insert a Right view. e ek
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. .. gEm Type of prajection
. . Lt - — ) () First angle
Click Properties. sl 1] ¢ [ ® Thed angle
Enter 1:2 for Scale. Sheet FormatSize by
. (%) Standard shest size
Cllck OK from the Sheet [CJonly show standard Format
i i A (ANST) Lands 1
Properties dialog box. =
: . . .. |B {ANSI) Landscape
Click and drag each view into position. | (ANSI) Landscape
| D {ANSI) Landscape
. . |E {ANSI) Landscape
5 Rebuild the drawing. |20 FaniSr  anderane
Click Rebuild | § [ from the Menu bar Cilpocuments and settingss
toolbar. Display sheet format

6 Save the drawing.

Click Save [H]
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) g Drawing View

@SolidWorks . File Edit View Insert Tools Toobox Window Help ,b] l D = .}} - H bl 2 ? v - ] K
o Nc@epdeox -3 iy 5 L\ Wirror Entities [
Smart Trim mEm . Display/Delete
Dimension 0- _;J i Entities S:EEEE S35 FE & uh iy Relations
= -® M- - i :
View Layout | Annuiatan Sketch | Evaluaie | Office Products | S
= [ﬁ’ » - - - L 6 R . G .
[ A A
Race Car , LT
A Annatations |ﬁ
3 Sheet1 1)
heet Formal | m
[+ 5 Drawing Yiew b
% | of Materials1 I _'i“
- et |
heet Formal | ﬁ
2| Drawing View' )—-I
2 Drawing Yiew | |l_3:

B Foce Car |

< 5
S T[S Sheetd | [hSheetz [0 ]

Solidworks Premium 2010 375.55mm 327.2mm  Omm Under Defined  Editing Sheetz 1:2 [3] @

Insert a Right Drawing View Dimension.

1 Insert a Dimension into the Right view on Sheet2.
Zoom in on the Right View.

o N-@-N-
Smart mv_gv@v

Dimension

. ®@-0 -

View Layout | Annotation | Sketch

Click Smart Dimension [2] 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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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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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.

The title of the drawing sheet is automatically filled in _ __Edi;g:eet Format

with information that is in the file properties of the
assembly.

Sheet (sheet2)

Lock sheet Focus

Set Resolved fo Lightweight

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

Click Edit Sheet Format. e

=
. 41 [ century Gothic v 2<% 6.35mn | A u =Bz gagEi==

Zoom in on the Title peart e e e

block. IMRace Car

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

Car.

Select 22 from the drop-down menu.

Click OK from the Note PropertyManager.
Right-click Edit Sheet.

Rebuild | g | the drawing.

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

Save the drawing.

Click Save .

Open a Part from the Assembly

76

1

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

Click Open Assembly. The Race Car assembly
is displayed.

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

In the next section, return to Sheetl and create an
Exploded Isometric view.

sheet (Sheet Format2)
 Edit Sheet o
i Ad .heet...

£ | copy

B

free el i

.ﬁ{k Cpen Assembly

Zoom/Pan/Rotate

Recent Commands

File | Edit View
|:] Mew...
ey e |
EIE=N

Open a Part from the Assembly
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Lesson 3: Create an Assembly Drawing

Entities ...

. ®-@ - .

@sulidWkaS | File Edit View Insert Toole Toobox Window Help ¥ ll_] v .j} = R ? > - [ &
0 \ o @ = r‘J - ﬁf j & Mirror Entities
Smart O -) & Trim O% s Sketch Patte DisplayDelete

Dimension = = = Entities L man IS ArE Z Relations

View Layout | Annotation | Sketch | Evaluate | Office Products |

- =
1 » S R

Race Car RAEL:|
[A] Annatations ! ﬁ
i

s
Sheet1 5 i z
E===—=:} =

“ 2

(ﬁ “Race car

< b

1N Y She%‘l [SSheet? [ 77 T
Solidwiarks Premium 201

Under Defined  Editing Sheet2 1:2 7] &)

Create an Exploded

Assembly view

1 Return to Sheet1.
Click the Sheet1 tab at

Configuration information
() Use model's "in-Lse" or last saved configuration
(®) Use named configuration:

| Defailt V
the bottom of the o
hi to return to Show in exploded state
graphics area OWiay State .
Sheetl. (Diplay State-1 vl
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
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Click OK from the Drawing View Properties

SolidWorks

Engineering Design and Technology Series

dialog b “Displery Style =

1al0g DOX. ElElE=E)

3 Modify the View Scale. = =
Click inside the Isometric view in Sheetl. The Drawing | ) Use sheet scale :
View1 PropertyManager is displayed. o) ke st se
Check the Use custom scale box. |User Defined ]
Select User Defined. R,

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.

@SnlidWOfks '] File Edit View Ingert Tools Toobox Window Help (& | D - Lj} - H A== 2 - - 1K
& \ - @ - r\J - ¥ ﬂf & Mirror Entities [
Smart Trim mam Display/Delete
Fiesin O- -6 - Entities Offset 228 Linear Sketch Pattern > peiations
Entites ..,
= -0 - = S 3
View Layout | Annotation | Sketch | Evaluate | Office Products | = %
— : h ot &
'Iﬁ’| 559 “L"\l%@ V- Gy~
(& i T —— R TET . J
L I e —— @
Race Car P I | —
[A] Annatations . = | ﬁ
= [ shestt i
Sheet Formatl [ m
Drawing Wiewl \?@ 7 —
% Eill of Materials1 ; \"‘/ |
, =
] [ = ‘__e
Sheet Format2 5 (i
o y ‘%‘\ 57
Drawing Wiewz ' = AR —
Drawing Wiew3 | e ‘5:2( 1_@
Drawing views ﬁ:n_ : \
B Race car |
WINITRIN] [ Sheett Sheet2 | o |
SolidWorks Premium 2010 33.71mm 94.69mm  Omm Under Defined  Editing Sheetl 1:5 7]

78

Create an Exploded Assembly view



SolidWorks

Engineering Design and Technology Series

Lesson 4
PhotoWorks™

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

Load the PhotoWorks Add-in

Create a PhotoWorks 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 PhotoWorks image
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PhotoWorks

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

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

With PhotoWorks you can define and modify the

following elements of a rendering:
m Scene = Sce
m Appearances S8, warm Kitchen

= J Appearances {colo
u Decals _| Decals {empty)
m Lighting =l ghting

i} Ambient
m Image output formats &
S Directionald
Activate PhotoWorks
Rendering is the process of
applying the appearances, scene,
lighting, and decal information to OB S
the model.
i 5
Open the Race Car Assembly. et v RS
Chck Open from '[he Menu Opens an existing document,
bar toolbar. File name: | Race Car. SLDASM —p (_open ]~
Browse to the location of the Flesofpe: [Assembly Casm o) ——p] [_Corcel |
Race Car assembly in the fomhba R
PhotoWorks folder or use your C18uidcukryi Beketire open [References. |
[ Lightweight

80

assembly that you created.

Open the Race Car assembly.

The Race Car assembly is
displayed in the graphics area.

Activate PhotoWorks
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2 Load the PhotoWorks Add-in.

Click the Options [i=]], Add-ins... from the Menu bar
toolbar. The Add-ins dialog box is displayed.

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

The Render Manager || tab is displayed in
the FeatureManager and is updated in the
Appearances/PhotoWorks |§| tab in the
Task Pane.

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

Note: Tangent Edges are displayed.

3 Display the PhotoWorks toolbar.
Click View, Toolbars from the
Menu bar menu.

Check the PhotoWorks box. The
PhotoWorks toolbar is displayed.

View the available tools and
options.

Lesson 4:

=

i,

PhotoWorks™

Race Car
Options
Customize...

Add-Ins ——

Active Add-ins

|start Up |

= SolidWorks Premium Add-ins

13 30 Instant Website

[C]&R Circuitworks

[ &8 Featurevarks

[7]l Phataotarks

] scanTazn

D-:Ef; Solidworks Desian Checker

[ salidwiorks Mation

] salidworks Routing

D(j Solidworks Sirmulation

[0 solidwarks Toolbox

|| ? Solidworks Toolbow Browser
[ salidwarks Utiities

[0 Ssolidwarks Workgroup POM

BT Talnakyst

=l SolidWorks Add-ins

2010

Autotrace
Solidworks 20 Emulatar

Solidworks MTS
Solidworks XPS Driver

oOoooa

Solidworks Flow Simulation 2010

OO0000| OooEREOOoooognodn

@ | Drawing
r'_‘l’ Explode Sketch
ﬁﬂ Fastening Feature

@ | Features

E Phototwarks
B‘T %’ormatting

| Layer

PhotoWorks

EE OEEEL @28 %% H

Activate PhotoWorks
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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 [f2] tab.

Right-click Race Car.

Click Add Configuration. The Add Configuration
PropertyManager is displayed.

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

Enter PhotoWorks in the Configuration
name box.

Enter PhotoWorks in the Description box.
Click OK from the Add Configuration
PropertyManager.

View the new configuration.

SolidWorks

Engineering Design and Technology Series

Hidden Tree Items
Comment

Tree Display
Explode

Animate explode

—P [ | Add Configuration...

é-l:onﬁguration Properties

| Configuration name:

|[ Photoworks  —
Description:

|[ Photoworks  —
| [Juse in bill of materials

| Comment:

| Bill of Materials Options
. Part number displayed when
| used in a bil of materials:

|| Race Car.5LDAGM
| | Docurnent Mame

used as a sub-assembly:

| (%) Show
| () Hide

| O Promate

g.Advanced Options

:.Parent,.-"l:hild Options

|
Child component display when

&« |

&« |

Create a Configuration for Rendering
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2 View the new PhotoWorks Configuration.
Click the PhotoWorks Configuration in the
ConfigurationManager.

Click the Render Manager [&] tab.

Expand the Scene, Appearances, and Lighting
folders.

View the details.

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

Click Shaded With Edges [@]

Note: The present configuration is PhotoWorks. View the
results in the graphics area.

Create a Configuration for Rendering

Lesson 4: PhotoWorks™

Configuration:
= @ Race Car Configurationis) (Ph
be-1= ]
y Skate

& ‘Warm Kitchen
=l __| Appearances {color)
= e color 1=
W (p) wheel (Default
= 0 satin finish alurinum (F)
T (p) Axle (DeFault )
= e color 2=
% {p) Race Car Block
|| Decals {empty)
= i;g Lighting
@ Ambient
S Directionall 1
S Directionallz

83
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WnlidWorh‘.s j Fle Edt Ven mnsert Tods Photoworks indow Help QlD cEH-EH-&s- 2 - B %

I B f] o
B o & © % o 3
Insert Mate Linear Gt Move sho Assembly Reference N Bilof | Exploded _»
. Components Compon... o oo Component | i Featres Geometry | i | poverie | view
- - - Companents - i Study
Assembly | Layout | Sketch | Evaluate | Office Products | a8 %

BT @] z
(¥~ )
@ Race Car (Photoworks < <Phokoi,
- @ Sensars
& EI Annotations
- @I Lights, Cameras and Scene
Q Frant Plane
¢ @; Top Plane
- Q Right Plane
I.. Crrigin
[+ % (f) Race Car Block<1> (Defau
% (-3 Axde<1 = (Default<<Defau
(E28 % (-} Al <2 (Default<<Defau
%y (- Wheel<1> (Default < <Def:
%8y (- Wheel<2> (Default < <Def:
8y (-} Wheel<3> (Default< <Def:
@ () Wheel <4 (Default < <Def:
I+ @@ Mates

PP

< i | #| *I1sometric

Model | Maotion Stu
Solidwarks Premium 2010 Under Defined  Editing Assembly 2]
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Appearance

PhotoWorks 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, '
. [ color{Image

balsa material was used so we could calculate the mass.

And to do that, you needed the correct material Selsiod Reomnii b

. . (&) apply at component level
properties such as density. O 15y et et vl
In the case of a rendering, you are more interested in [Race Car.siDAsm
what the car looks like, not what it is made of. So even
though PhotoWorks can render engineering materials

such as steel, copper, aluminum, and plastic, you can

also apply and render materials such as rubber, leather,

fabric, paint, etc.

[0 color ¥
[Optical Properties ¥
[Display States ¥ |
4 Apply Appearance to the Tires. =
Click the Appearance El tool BEE BEEER @-,g B % §
from the PhotoWorks toolbar. The
color PropertyManager is o
displayed. ;:3.1015;; appearance for selected J

Click the Basic tab from the
color PropertyManager.

¥ 42

P Basic | Advanced |
[ colorImage

Selected Geometry n

() apply at componient level
() apply at part document level

[Race Car.5LDASM

Appearance 85
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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.

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

Check the This display state box.

Click the Select Faces in the Selected Geometry
box.

Click the top face of a tire in the

[ Basic l Advanced |

[ color{Image

Selected Geometry n

(&) apply at component level

%Apply at part document level
I

|Apply changes at part document: |e
L 1

: Display States "

This display state
Il display states
() Specify display state

Selected Geometry n

() apply at component level

(&) apply at part document level

®)
|
| Select Faces L

graphics area.

The selected face is displayed in the
Selected Geometry box.

Appearance
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Click the Appearances/PhotoWorks El tab from

the Task Pane as illustrated.

Expand the Appearances (color) folder.

Expand the Rubber folder.
Click the Texture folder.

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

Click OK [#] from the tire thread

PropertyManager.

View the results in the graphics area.

Appearance

Lesson 4: PhotoWorks™

s Appearances;/PhotoWorks Q
B
% = @ Appearances(calor) ad
E 7 legacy
Plastic
. + Metal
@ [ L@ Painked
— = L@ Rubber
e
.\.i( Matte e
e L@ Gloss
& -
5 Glass
S - I:iglht.s v

Select a PhotoWorks appearance
or uze the Browse... button in the
editor to find a file.

tire tread

B solidWorks jf Fle it View st Toos PhotoWorks Window Help = O+2-B-2-2--08%
" =
B o & @ %@ b : o
Insert Mate Linear Smart Mave Show Assembly Reference New Bill of Fagdcidec) »
Components Compon... i Component Hidden Features Geometry Maban| Materals View
- - - Companents - - Study
Assembly | Layout | Skeich | Evaluate | Office Produdis | & s |Aepearances/Ph.. o

el
(T~
@ Race Car (PhotoWorks<<Photott
3| Sensars
[ |‘£| Annokations
[ 'L)EI Lights, Cameras and Scene
\é>‘ Frant Plane
\<‘->‘ Tap Plane
\62 Right Plane
I_. Qrigin
= % (F) Race Car Block=1 > (Defau
& % (-) Axle<1 = (Default < <Defau
1 U8y (-] Axle <z (Defaul < <Defau
-y (-] wheel<1 > (Default < <Def:
-5y (-] wheel <2 > (Default< <Def:
Y () wheel =3 (Default= <Def:
By () wheel =4 > (Default < <Def:

= I[) Mates

»

fanaf

AR @ T @B O

B *

= e Appearances( &
w0 legacy

Plastic

Metal

1+ L@ Painted

=@ Rubber
I Matts
'\.?" Gloss
g Textur

Default Appearance:

Drag and drap
appearances onto the
model or Featuretan..

tire tread

v

& 2

Select entities ko madify their appearance

Under Defined  Editing Assembly

|
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7

Note:

Note:

88

Apply Appearance to the Front
and Rear Wing.

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

Apply changes at the feature
level.

You can apply changes at the part,

SolidWorks

Engineering Design and Technology Series

|. Basic | Advanced |

[l color/Image

Selected Geometry ﬁ.'

(%) Apply at component level

%Apply ak part document level

|Apply changes at part document level
I 1

feature, or assembly level.

b3

Display States
This display state
aill display states
() Specify display state

Click the Apply at part document
level box.

Check the This display state box.
Click the Select Features box.

Select a color.

| selected Geometry -

| () apply at component level

| (&) apply at part document level
%
| |

Expand Race Car from the fly-
out FeatureManager.

Expand Race Car Block.

Click Boss-Extrude1. Boss-Extrudel is the front
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?2.

= @ Race Car (PhotoWorks<<Ph..
I 'ﬁ Sensors
L AI Annotations
ka ﬂ Lights, Cameras and Scene
I <‘>. Front Plane
r \<>. Top Plane
\<>. Right Plane
Crigin
= % (F) Race Car Block<1= (D,
+-[%] Mates in Race Car
AI Sensors
+-[A] Annatations
§E Balsa
\<> Front Plane
\<> Top Plane
\<> Right Plane
I—» Crigin
+ @ Balsa Block
+ Screw Eye Slot
+] COZ Cartridge Hole
H Axle Hole Cut Qut
+] Cuk-Extrudel
+ Cut-Extrudez
+] Cut-Extrudes
_’E a Boss-Extrudel
—-}@ Boss-Extrudez
) Filltt

===

Appearance
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Cth OK from the color Selected Geometry

PropertyManager. © #pply at component level
(%) Apply at part document level

[ color

b
»

View the results.

|@| Boss-Extrude]

trudeZ

Bl SolidWorks j Fle Edt Vew et Toos photoWoks widow wep |01 -3 -[d-%-7-- 0%
»
B i & ® % 5
Insert Linear Move -
Mate Eoneay Smart e =t Show MNew Bill of Exploded »
" Fasteners Hidden Motion | Materials View
- - - Components - - Study

Assembly | Layout | Sketch [ Evaluate [ Office Products |

Kl » QAR E-J-ow-@8-0-
(T~ ‘

Assembly Reference
Features Geometry

il

Components

- g

¥

@ Race Car (PhotoWorks < <Phot
i @ Sensors
] \E] Annotations
l_iJ- Lights, Cameras and Scene
@ Front Plane
@ Top Flane
@ Right Plane
;_. Origin
(= Q& (Fi Race Car Block<1 3 (Def
& (B Mates in Race Car
; r@—l SEnsors
e III Annokations
; §E Balsa =
\6> Front Plane
: \6> Tap Plane
\6} Right Plane
I_. Origin
& @ Balsa Block
£ @ Screw Eve Slot
(=0 @ COZ Cartridge Hole
@ Axle Hole Cut Out
& CuE-Extrudel i o

|8 |08 e

£

- | Flsometric
Wlallsln| Model | Motion Study 1

Select entities to modify their appearance Under Defined  Editing Assembly )
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Rendering

Rendering is the process of applying @ NEERD @28 %% &
the appearance, scene, lighting, and '

decal information to the model. Full A
rendering applies all options set Render active document

within PhotoWorks.

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

1 Render the model.
Click the Render tool from the PhotoWorks toolbar.

View the model in the graphics area.

90 Rendering
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Modify the Appearance

1

Modify the Appearance to the Race Car Block.
Press the z key to exit the render mode.

Click the Appearance tool. The color
PropertyManager is displayed. Race Car is displayed
in the Selected Geometry box.

Click the Apply at part document level box.

Click Specify display state in the Display States
dialog box.

Click <PhotoWorks>.

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

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

Click silver.

Click matte silver.

Click OK from the matte silver
PropertyManager.

Render the model.

Click the Render tool from the PhotoWorks toolbar.

View the results.

Modify the Appearance

Lesson 4: PhotoWorks™

Selected Geometry B 8

(%) Apply at component level

Apply at part document
C%evel

Race Car.SLDASM

»

Display States
() This display state
O all display states
(%) Specify display state

@

] @ Race Car ({PhotoWorks <Displ. .
gﬁ Sensors
] il Annotations
+ ﬁl Lights, Cameras and Scene
\<> Front Plane
\<> Top Plane
\<> Right Plane
I—» Crigin

+ i@"Iates in Race Car

1] Senzar

=l ? Appearancesicolor)

# legacy

[ L@ Plastic

= L@ Metal
L@ Steel
@ Chrome
L@ Aluminum
1@ Bronze
_6 Brass
@ Copper
L@ Mickel
L@ Zinc
_6 Magnesiurn
@ Tron
L@ Titanium
IL@ Tungsten
L@ old
g silver
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@Snl_idWorks | Fi= it Vew Insert Toos PhotoWorks Window Help QlD BF-EH-&5- 2-- 8 %

T g id % LEt M K A bly Refer ‘
nser inear ove ssembly Reference
Mate Smart Show New Bil of | Exploded = »
. Components Compon... S Component| S0 | Featres Geomery | e | BS1 | BEE
- - - Components - - Study
Assembly | Layout | Sketch | Evaluate | Office Products | & %
I . QAU E- T RO
(- )

9B Race Car (PhatoWorks < <Photow|
\-ﬁ] Sensors
I+ {E Annokations
=% @ Lights, Cametas and Scene
%5 Front Plane
Q Top Plane
@\ Right Flane
I.. Origin
%y {F) Race Car Block<1 > (Default
%8y () Axle=l = (Default=<Defaull
8y () Axde<z > (Default<<Defaull
%) () wheel<1> (Default < <Defal_
= Uy {-) Wheel <2 (Default < <Defa B
%8y () Wheel<3: (Defaul<<Defa
8y () tirhesl<a (Defaulk<<Defa

= [l Mates

< | *| *lsometric

W11+ 0| _Model [Tiofion Study T

Select entities to modify their appearance Under Defined  Editing Assembly 7]

3 Save the model.
Press the z key to exit the render mode.

Click Save [H]

Scenes
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PhotoWorks scenes are made up PE EERKD R8 %0 &
of the things we see in the -

rendering that are not the model.

They can be thought of as a virtual L e
box or sphere around the model. e

Scenes are composed of

backgrounds, foreground effects,

and scenery. PhotoWorks has a

number of predefined scenes to

make initial renderings quick and easy.

Scenes
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1 Apply the Scene tool.
Click the Scene [£] tool

Lesson 4: PhotoWorks™

from the PhotoWorks
toolbar. The Scene
: : : . Basic Scenes A
Editor dialog box is E il -
i 1 . i D Presentation Scenes
displayed o e %
: [E=] ﬁ My Docurnents
Cth the Manager ta'b Reflective Floor Black Reflective Floor
Checkered
Click Studio Scenes.
Click Reflective Floor ﬂ @ R
Checkered.
. Factary Floor Dusky Antique
Click Apply.
Click Close. ,
Tk D8
2 Render the model. - I -
Chck the Render tOOl Default: I\scenes\ﬂ‘l basic scenesh00 backdrop - studio room. p2s |
from the PhotoWorks
toolbar. View the model.
Press the z key to exit the Apply
render mode
S SolidWorks | Fie Edt Vew Imsert Took PhotoWorks Window Hep {D cB-EH-2 2 - 8%
2 i ® B * | x
LA O NN AN LN
Components Compon... Eiai Component Fidden Features Geometry Muhun (ETE View
- - - Components - Study
Assem!iyl Layout L Sketch l Evaluate [ Office Products !
@ Iﬁ] 5@
@ Race Car {PhotaWorks <Display i
|:| Sensars ﬁ
I+ % Annotations 2
- Lights, Cameras and Scene
% Front Plane m
\é} Top Plane
%% Right Plane e
- ;_, Cvigin Iﬁ
% {F) Race Car Block<1> =4
-8 () Ade=t > 3
B () Axlesz
- () Wheel<1>
B () Wheel<z>
® By () Whesl=3
N8y () Wheel<4x
I @m‘ Mates
Il |
IEI\{M] [ Model | Wofion S
Ss\ect entltlss ta mD\:Ile' the\r appearance Un\_:ls_; DsF_ine:,d Edi@_ing Assembly E _

Scenes
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Decals
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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.
PhotoWa _ &

Click the New Decal[Blto0] |wE sEREE @ 26 %%  ®
from the PhotoWorks toolbar.
The Decals New Decal

. Choose a decal for selected geometry
PropertyManager 1s
displayed.

If required, click the
Appearances/PhotoWorks

|§| tab in the Task Pane.
Click a position on the right

side of the Race Car
Block as illustrated.

Cut-Extrude! of Race Car Block=1>]

Decals
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Click the Decals folder.

. = e‘ Appearancesicolor) 2
Click the SolidWorks & legacy |‘|| | | |||‘||
decal. i (@ Plastic

g Metal Barcode B |

. . [+ L@ Painted
The decal is displayed on - G Rubber
the Race Car Block. 0 @ Glass %
[+ @ Lights STk

2l

? e SolidWorks
@ Organic

£ 'Ca Stane

[ L@ Miscellanaous

q SCEMEs

]

{3

B

#
[£/ @3

ek
fre)

#

Decals 95
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Check the This configuration box.

Position the Decal.

Tip:

96

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.

SolidWorks

Engineering Design and Technology Series

De

*

Configurations

This configuration
Il configurations

() Specify configurations

@ ¥ 12

r‘?‘ Tlumination

[ Image Q Mapping
-Selected Geomekry

I3

e Car E:u:..:::.—l[EL‘IF!. =

-I;‘iam;ing

[ Projection W ,
[zx v|
=+ [20.00mm =
T [-2.50mm 2

Size/Orientation
;ixed aspect ratio
[CIFit width o selection
[CIFit height ko selection

|

O [z1z.43107819mm %]

IO |9z .40137852mm = |
Asﬁect rakio: 2,30 1
<> |180.00deg

4

T
[CItirror hovizontally
[ mirvar vertically

Reset ko Image

Click OK from the Decal PropertyManager.

View the results.

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

file path.

[ uresidecalsiiogo.bmp

Image file path:

Save Decal...

Decals
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@SnlidWo[ks.FuE Edit View Insert

Tools PhotoWorks  Window  Help @ lD : sz - 'Q = @ -

T %

e »
C—
@ Race Car (Photoborks <<Phc
i [@ Sensors
1+ I_\A—I Annatations
(& @I Lights, Cameras and Scen

Q Front Plane

- Q Top Plane

Q Right Plane

- 1_, Orrigin
= % (F) Race Car Block={1 > (Dy
& %8 () Aixle<l > (Defaulk< <Dy
% () Aixle<2> (Default< <Di
7 8y () Wheel<1» (Default< <
8 () wheel<2> (Default< <
i % () wheel=3> (Defaulk< <
[ " () wheel<4> (Default<<
i+ [ mates

£ | b

Taaaf

A

*lsometric

AASHE T @R O-

ful Gk Z
& Y 13 i 3 |
Insert Mate Linear i Assembly Reference Pl Bl of | Exploded »
ST Campot: Fasteners Hidden Lsines i beame st Motion | Materials View
- - Components - - Study
Assembly | Layout | Sketch | Evaluate [ Office Products | = %

W4 kM| Model | Motion Study 1

Select entities to modify their decal

Under Defined

Editing Assembly

]

2 Render the model.
Click the Render tool from the PhotoWorks toolbar.

View the model in the graphics area.

Decals
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Bl SolidWorks | Fie Edit Vew et Todk PhotoWerks Window rielp SlD »F-EH8 2 - B %

@ Race Car (Photoworks<<Phe
i @ Sensors
[H- EI Annokations
=] Lights, Cameras and Scen
: @ Front Plane
: @\ Top Plans
_ ®\ Right Plane
£ I_, Crrigin
=) % (F) Race Car Block<1 = (D¢
28 % (=1 Axle<l > (Default<<Dn
=26 % (=) Axle<2 > (Default < <Dy

laaaf

4% = it
® o M =l ) ) o g g
Insert Mate Linear St Move o Assembly Reference New gilof | Exploded £ —
Components Compon... b Companent Hidden Features Geometry Motion | Materials View
- - - Components - - Study
Assembly [ Layout | Sketch [ Evaluate | Office Products | = % (e
T @ 0 W s o %
ClEE » QATHE- F-v-@£-O- ;
(F~ ) =@

B EEEE
o T

W () wheel=1 (Default << & E
"By () whesl<2> (Defaulk<< = &
B () Wheel<3= (Defauk =< ) [se)
[+ WG () wheel <4 (Default<<
i @@ Mates
il
I CE
:
and...
< | 2| *1sometric
W4l ¥l ¥l Model | Motion Study T &[] >
Select entities to modify their decal Under Defined  Editing Assembly (2]
3 Save the model.
Click Shaded from the Heads-up View toolbar.
Press the z key to exit the Render mode.
Click Save .
4 Review the Render Manager.
Click the Render Manager tab.
Expand each folder. View the results.
Edit the Decal o Joecek |
. . B ] oo < 1
Right-click logo <1>. § (0 e
thk Edit. The Decals PropertyManager is @ Ambie] Rt
displayed. % Directit  Copy
% Directij  Detach
Move Decal Up
Reverse Order of Decals
Hide Decal
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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.

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

Lesson 4: PhotoWorks™

T Decals

v % =
(% tumination I

| 1 mage W—MF

Decal Preview

b3

| Projection o |
7 v|
= [10.6646638mm % |

X

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

H [sv.879256320m 3|

s o j#|_|

[CItirror horizontally
[ tierar vertically

Reset ko Image

Click OK from the Decals PropertyManager.

5 Return to the FeatureManager.

Click the FeatureManager tab.
6 Save the model.

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

appearances, lighting, scenes, etc.

Edit the Decal
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HElSolidWorks jj Fle Edt Vew nsert Tods Photoiorks Window Hep @ |01 - (¥l % 7 - - O &
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B B o © % ¥ | B >
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. Components Compon... Eiiis Component Vidden Features Geometry Motior | Materials W
- - - Components - - Study

Assembly | Layout | Sketch | Evaluate | Office Products |

|
@ Race Car (Photoworks <Display
@ Sensars
(e Il[ Annotations
& IE Lights, Cameras and Scene
% Front Plane
Q Top Plane
<>\ Right Plane
I_, Origin

S FIRE >

leaaf

< | 5

*lsemetric

AAEHE B @R E-

Select entities ko modify their decal

| T 11 Model [ Motion Study1 ]

Under Defined  Editing Assembly 7]

Output Options

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

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

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

100

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:

Lobby displays of products before production begins;
Display boards at conferences;

Project reports.

Output Options
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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

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)
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) (* . gntntsc)
Mental images, 8-bit color (*.ct)

Methods to Increase Rendering Quality

Note:

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

Not all of these options were covered during this introduction to PhotoWorks. For
additional information about PhotoWorks, ask your teacher about getting a copy
of PhotoWorks Step-By-Step: A Self-Study Guide to Photorealistic Rendering. 1t is
available from your school’s value-added SolidWorks reseller.

Output Options 101
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m Increase SolidWorks image quality.
PhotoWorks uses the tessellated data of the shaded SolidWorks models when
importing those models for rendering. Increasing shaded image quality
reduces jagged edges on curved surfaces.

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

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

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

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

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

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

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

How Many Pixels to Render

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

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

Calculating Correct Number of Pixels

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

Answer: Work backwards from the output.

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

102 Output Options



SolidWorks Lesson 4: PhotoWorks™

Engineering Design and Technology Series

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

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

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

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

Example #1

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

Multiplying the size of the desired image times the printer’s dpi gives 1500 by
1125 pixels.

1 Render to file.

For good print quality, render 2hatalia _
this image as a TIFF file. This Cd aEEMGg @48 % o

will result in a large file but
with excellent definition. Penie niie
Render active document into file

Click Render to File from

Ed

the PhotoWorks toolbar. plenemet [Rocaler . rexe |
s h L k . d h Farmat | B-bit RGEA TIFF (*tif | __S:hedu\e
et the Look 1n directory to the
Race Car folder.
. Irmage size
Select 8-bit RGBA TIFF for the OPiels
(O Centimeters o 5
FOI‘Inat. @) Inches at |3Dn - Dots perinch
“Wiclth: Height.
Name the ﬁle Race iiEDDin & [375in o [FIFixed aspectratio 1.331
Car.tif.

Approximate file size: 6591KB

Select Fixed aspect ratio. U
Select Inches for Image size.
Enter 5.00 for Width. ;D;p,ess T
Enter 3.75 for Height. ' —
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Example #2

104

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

To maintain the same aspect ratio, calculate the correct height: D =35
3.75  NewHeight

Solving, we get 3.75 x 5.5 = 5 x NewHeight Or 20.625 = 5 x NewHeight= 4.125
Multiplying the size of the desired image times 96 dpi gives 528 by 396 pixels.
This yields a file size of about 816 KB.

Save and close.
Save and Close all open files.

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

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.

1 Open the Race Car Assembly.

SolidWorks

Engineering Design and Technology Series

Fiename:  |Race Car SLDASM v [ open -]
Files of type: iAssemny[".asm;".sldasm] v| [ Cancel ]
Descriptior;  <Mane>

[ Quick view ¢ Selective open

[ Lightweight

References...

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.

WSDIiIIWorks . Fle Edit View Insert Tools Toobox Window Help ¥ l[] el b ] i [ 4
f! =) pors
e 13 & ® ) ! o
o Mate Hee Smart Bl Show s P Mew Bl of | Exploded Explode »
Cofe sl Gomndn Fasteners Emnd ot Hidden Eealieesl beamo g Motion | Materials View Line
kg 7 b Components - - Study Sketch
Assembly | Lavout | Sketch | Evaluate | Office Produdts | 8 %
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(T~ ™
@ Race Car (Default<Display State
; \-LZ] Sensors
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] @ Lights, Cameras and Scene

<‘~>\ Front Plane

@\ Top Plane

@\ Right Plans

L. origin
# % (F) Race Car Block<1 = (Defa
=) % (-} Axle <1+ (Default <<Defal
# % () Axle <2 = (Default <<Defay
S8y () wheel <13 (Default <<Def
i S8 () Wheel 2> (Default <<Dsf
1 8y () Wheel<33 (Default<<Def
(#) Ty (-) wheel<d > (Default<<Def

Vainaf

1+ @@ Mates \
i
z)\%
< | *| *lsometric
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(@
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il
=)
a
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i

T Model [ Totion Studyi ]

SolidWorks Premiurm 2010

Undzt Defined

zl

Editing Assembly
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2 Open the Race Car Block Part.

Right-click Race Car Block
from the FeatureManager.

Click Open Part |*| from the
Context toolbar. The Race Car
Block FeatureManager is
displayed.

Display the Rear Wind.
Click Hidden Lines Removed

from the Heads-up View
toolbar.

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

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

Drag the Rollback bar below
Boss-Extrude?2.

Expand Boss-Extrude?2.
Right-click Sketch?9.

Click Exit Sketch [&] from the
Context toolbar.

Modify the Rear Wing

Lesson 5: Analysis
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Zoom in on the rear wing.
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 Modify dialog box.

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

22

Enter 22 in the Mod1i fy dialog box.
Click the Rebuild [8] tool.

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 VarFilletl in the
FeatureManager as illustrated.

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

Click Save from the Menu bar toolbar.

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

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

108

of the Race Car assembly.

[ Axle Hole Cut Qut
=] Cub-Extrudel
[ Cut-Extrude2
=] Cub-Extruded
F] @ Boss-Extrudel
= @ Boss-Extrudez
[&* sketcha
) Fillet1
@) Fillatz

g ] VarFillet1 @

Calculate the new Mass
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1 Apply the Mass Properties tool.

Click the Evaluate tab.

Click the Mass Properties | i tool from

the Evaluate toolbar. The Mass

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

Lesson 5: Analysis

B SolidWorks jj Fle Edt vew msert T4
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Lzx = 0.7795 Lzy = -7937.3175 Lzz = 29021,
Moments of inertia: { grams * square millimeters )
Taken at the output coordinate system, 3
< | 3 -
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Apply the Measure tool.

Click the Measure [ 8] tool from the Evaluate
toolbar. The Measure — Race Car dialog box is

displayed.

SolidWorks

Engineering Design and Technology Series

LTt q

i W B8
Clearance Hale Measure  Mass
Verification  Alignment Properties

Layout | Sketch | Evaluate | Office Pro

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.

66 mm || Bo- @ -

Race Car.5LDASM

: Clear Selections F__

;
Edge <3=@Race Car Block-1

The two selected items are parallel,
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 111
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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

112

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
Axle-—A part in this section.

Perform a stress analysis on the

Axle-A part - | SolidWorks Simulationxpress @] |« | SolidWorks Simulationkpress &
The Axle-A part i = :
€ xle pa 15a re.- — @ 1 Fixtures
named part of Axle thatisused | weicome to Solidworks El :
: SimulationXpress. s,
in the Race Car assembly. ) E &l
=
|| Simulationxpress helps you
m predict how a part will perform I |
(| onercasananeipsyos | [ e e v
| # | detect potential prohlems early =11 applied.
@ | inthe design cycle. k2l
—| Warning: Faces with fidures are
treated as parfectly rigid. This
.ﬁ_ In Simulationxpress, you apply can causeﬁmreahil\cgresuns in
ﬁ loads and fixtures to your par, e wicinity of the fdurs
1 specify its material, analyze the Eariles
part, and view the results. All of B
this information is included in Eifis B ppned
the Simulation study. Fixed vs. Attached Pars

Mote: More flexible fidure types

Mote: Most analysis problems are available in SolidvwWorks

require & comprehensive Simulation Professional.
analysis product for moare
accurate and complete realk £ #dd & mure

world simulations befare final
sign-off on a design.

E Back @ Start Over

Click here for your free anling
training on Solickorks Simulation
fundamertals.

@ Options
B nent

Analyze the Axle-A Part 113
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Open the Axle-A Part
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1

Open the Axle-A part.

Click Open | 2| from the
Menu Bar toolbar.

Select the folder in which

you downloaded the Analysis
folder.

Set Files of type: Part.

Double-click Axle-A. The
Axle-A part is displayed in
the graphics area.

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

click Isometric [ @ | view from the Heads-up

View toolbar.

Review the material.

Right-click 2024 Alloy in the FeatureManager.

Click Edit Material. The physical material % BR[|
properties are displayed in the Materials s

dialog box.

SolidWorks

Engineering Design and Technology Series

3 E Lok ir: | £ Analysis v: (& 05 M
- 1i'fjfxp2
gg:i;:?i |~ Axle. SLOPRT
_ =
i@ |# RolCar Elock Flow SLOPRT
| Race Car Block.SLOPRT
[Ieskion @ wheel SLOPRT
My Documents
A File name: | ayle-t SLDPRT v| [ Open IL]
pXY Files of type: | Part [ pit " sldprt v| [ cancel ]

% Axle-a (Default< <Default=_Displ
(3] sensors

=] [A] Annatations

§<§ Frar !— Edit Material |

S M3 Fr——

4 Righ Remove Material

L, orig Manage Favorites

[+ a 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?
Material 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/em?

Stress

Table 1: Systems of units used in SimulationXpress

116 SolidWorks SimulationXpress
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Running SimulationXpress and Setting Analysis

Options

1 Run SolidWorks SimulationXpress.

Click Tools, SimulationXpress from the Menu

Bar menu.

The SolidWorks SimulationXpress application

starts with the Welcome tab selected.

Tip:  You can quickly run SimulationXpress by
clicking SimulationXpress Analysis
Wizard from the Evaluate tab in the
CommandManager.

2 Set System units.

Lesson 5: Analysis

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.

@ Options
B nent

= @
SimulationXpress FloXpress DFMXpress Drive\WorksXpress
Analysis Wizard  Analysis  Analysis Wizard

Wizard Wizard

Click the Options button from SimulationXpress Options

the Welcome screen.

Syskem of units:

Set System of units to Sl,
(MMGS).

Setthe Results locationto
the Analysis folder.

Results location:

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

C:.'i,-Documents anEI. Settings.'i,-mp.llanc.ﬁarci;l; 1

[ o ‘]\[ cancel |

Click OK.
Click Next.

SolidWorks SimulationXpress

SolidWorks SimulationXpress 59

¥

Welcome to SolidWorks
SimulationXpress.

Simulationxpress helps you predict
how a partwill perform under load
and helps you detect potential
problemns eatly in the design cycle

In Simulation¥press, vou apply
loads and fixtures tovour par,
specify its matetial, analyze the par,
and views the results. All of this
information is included in the
Simulation study.

EE D EEEEE

Mote: Most analysis problems
reguire a comprehensive analysis
product for maore accurate and
corplete real-world simulations
befare final sign-off on & design.

Click here for your free online fraining on
Solidorks Simulation fundamentals.

£ ontions
=ty

117
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Applying a Fixture

1

Note:

118

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 outside right face of
the Ax1e-A part.

Click the outside left face of the
Axle-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

@ Start Over

Q* Simulationxpress Study {-Default-)
: @ Axle-A
= g:fFixtures
¥ Fixed-1

@ External Loads

AL

v ¥ 12

Example

|

Standarli tFixed Geomekry) |

e
m W Face<1= |

Fac:

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

P

|1 Fixtures v d
|2 Loads

aterial

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

EE TR

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

a Add a force

Add a pressure

Type Py Force ]
() Mormal to selected Face @
O Use reference geometry
() Normal
() selected direction
%] 5L v
Pressure Yalue ~ —_—
f —— ——— 4 [ vl
E | M~z » |
m IﬁNIm"Z [Creverse direction
) (&) Per item
[ reverse direction i
Tobs
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Applying a Load

120

1

Apply a load.

Click Next. Collect information on loads acting
on the Ax1le-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

1 Fixtures v
2 Loads

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

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

Add iforce

@ Add a pressure

@ Back E Start Over

Force Walue (M)

Applying a Load
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4 Specify the

direction and =% axle-a (Default<<Defaul
magnitude of the 15— il
force. ?E 2024 alloy
Click the Selected R e
direction box. X rightplane
Force ] I—» Qrigin

Click Top Plane @ B> -} Boss-Extrude
from the fly-out
FeatureManager.
Check the Reverse O Hormal
direction box. The P et drectin
force arrows point D [ [Errr—
downwards. @':i:em

5 Apply a Force. — -
Enter 1N. R _]
Click OK [#] from Force A
the Force & d—
PropertyManager. Flerrass ko
View the updated
Study tree.

Hormal o Plane (b [1 |

Q" Simulation¥press Study {-Default-)
i @ Axle-A
E| g:f Fixtures
@8 Fixed-1
1= {g External Loads
b Force-1 (Per ibem: -1 N2

Applying a Load 121
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6 Assign material to the part.
. To simulate the loading on

Cth NeXt- yaur part, you apply farces,
pressures, or both. Examples

The Material tab opens.
Warning: These [nads are

assumed to be uniform and
constant. hat does this mean?

@ Add a force
@ Add a pressure

@ Edit an existing force ar
pressure

& e
@ Back @ Start Over

SolidWorks SimulationXpress &

#

1 Fixtures v
2 Loads v
— | 3 Material

There is no material assigned to
this part.

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

a 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

122 Applying a Load
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Assigning Material

SolidWorks SimulationXpress &

The response of the part depends on the material it is
made of. SimulationXpress must know the elastic
properties of the material of your part. You can pick a
material from the SolidWorks material library or
define your own material properties.
SimulationXpress uses the following material
properties to perform stress analysis.

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

Poisson’s Ratio (NUXY). Extension of the material in
the longitudinal direction is accompanied by shrinking
in the lateral directions. For example, if a body is
subjected to a tensile stress in the X-direction, then
Poisson’s Ratio NUXY is defined as the ratio of lateral
strain in the Y-direction divided by the longitudinal

1 Fixtures v
2 Loads v
3 Material

There is no material assigned to
this part.

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

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/m? in the SI system. SimulationXpress uses the
mass density to include mass properties of the part in the report file.

Assigning Material
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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.

SolidWorks

Engineering Design and Technology Series

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.

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 @ Start Over

= EI 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= 20140

3= 201414

3= 201418

3= 2018 Alloy

3= 2024 Aoy (Sh)

3= 20240

3= 2024-13

3= 2024-1361

3= 2024-14

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,

R

Property Walug

Units

Elagtic Modulus

al

T3e+010  Rim"2

Poizzons Ratio 033 iy
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 A&
Therma\‘canducﬂvny 140 WK
Spec\iié Heat 800 Jikg W)
Material Damping Ratio T

124

Q* SimulationXpress Study {-Default-)
[ aixle-a (2024 alloy-)
= g:fFixtures
8 Fixed-1
= i] External Loads
4 Force-1 (iPer item: -1 M)

Assigning Material
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Running the Analysis

SolidWorks SimulationXpress Sg

*

The Analyze tab allows you to run the analysis.
SimulationXpress prepares the model for analysis

and then calculates displacements, strains, and ’% ; Eiudr: ) :;

stresses. :CZ i mtinm '

The first phase in the analysis is meshing. Meshing :—?i B

is basically splitting the geometry into small, %

simple-shaped pieces called finite elements. g| (ol readin solvet
g ‘fou can solve with the default

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

settings or adjust them to better
suityour needs,

@ Change settings

@ Eun @imulation

@ Back

Ej Start Over

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
displacements in the X, Y, and Z directions
at each node.

Nodes§§

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 125
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Running the Analysis

126

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.

Stop the animation.
Click Stop animation.

SolidWorks

Engineering Design and Technology Series

Solving:

Memory Usage: 17,528k

*

|8 | U & e

SolidWorks SimulationXpress 59

#
1 Fixtures v
2 Loads v
3 Material vy

4 Run

Your model is ready to solvel

fou can salve with the default
settings or adjust them to better
suityour needs,

a Change settings

@ Eun @imulation

@ Back Ej Start Over

SimulationXpress Study Q|§| X |

Elapsed Time:1s

Always show solver status when you run analysis

[

J

Cancel ] [ Moresz

Q* Simulationxpress Study {-Default-)
[ aile-a (2024 alloy-)
= g:\gFixtures
¥ Fixed-1
= g External Loads
4 Force-1 (:Per item: -1 M:)
= é] Results
@ Stress (-vonMises-)
ﬁl Displacement {-Res disp-)
& Deformation {-Displacement-)
@‘ Factor of Safety {-Max von Mises Stress-)

E Flay animation

Q Stop @nimation

Does the part deform as you
expected?

@ Yes cantinue

a Mo, return to LoadsiFixdures

@ Back @ Start Over

Running the Analysis
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VIeWI ng Res u Its ? SimulationXpress Study {-Default-)

. . . . . le-d (- o=
Viewing results is an essential step in the g:ﬁ;gi e
analysis process. This is the step in which you 0 Fixed-1

1 t h d d : . t = ;i;]ExternaI Loads
eV.a uate .OW gOO yo}lr eSIgn 1.S a . 4 Force-1 (:Per item: -1 M:)
withstanding the specified working conditions. = (i Results

i fstress (-vonMises-)

This step should lead you to make important EDisnlacement (-Res disp-)

.. . Deformation {-Displacement-)
decisions about whether to accept the design and K e
move to prototyping, make further

Does the part deform as you

improvements on the design, or try additional eTes i

sets of loads and fixtures. B Yesco
ﬁ‘w

SimulationXpress uses the maximum von Mises B3 Mo, retin to LoadeiFidures
stress criterion to calculate the factors of safety.

This criterion states that a ductile material starts (3 pack (&) start over
to yield when the equivalent stress (von Mises

stress) reaches the yield strength of the material. St

The yield strength (SIGYLD) is defined as a

material property. SimulationXpress calculates &3 shawson bises sress

the factor of safety (FOS) at a point by dividing ] show displasement
the yield strength by the equivalent stress at that
point. s
S B Ta—
Interpretation of factor of safety values: elowe
m A factor of safety less than 1.0 at a location Based on the specified
. . . . parameters, the lowest factor of
indicates that the material at that location safety(FOS) found in your design
. . . is 54.1493
has yielded and that the design is not safe. °
m A factor of safety of 1.0 at a location e Lot

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

@ Flay animation
Q Stop animation

location indicates that the material at that 3 Done viewing resuts
location has not yielded.
m  The material at a location will start to yield (5 ack () start Over

if you apply new loads equal to the current
loads multiplied by the resulting factor of
safety.
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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.

SolidWorks

Engineering Design and Technology Series

¥ Simulationxpress Study {-Default-)
[ aixle-a (2024 Alloy-)

= g:fFixtures
3 Fixed-1

= g External Loads
4 Force-1 (iPer item: -1 M:)

=1 {E] Results
@ iotress (-vonMises-
ﬁl Iacement (-Res disp-)
& Deformation {-Displacement-)
@ Factaor of Safety {-Max von Mises St

von Misess (NAnm*2 (MPa))
1.400
' 1284
L 167
L1081
. 043
L 0817
k]
| 0564
L 0468

L 0351

0235
0118
0.001

— Yield strencth: 75.529

Model name: Axle-L

Study name: SimulationHpress Study

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

Red= FOS=1 = Blue

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: [ showvon Mises stress
Your number may slightly be different.

Results

@ Show displacement

2 Modify the factor of safety.

: Show where

Enter 10 in the Show where factor of 5 fetor of sy

safety (FOS)is below box. Fosis 1

Click the Show where factor of safety

. Baszed onthe specified

<FOS) 1s below bOX. parameters, the lowest factor of
safetyiF OS] found in your design
is 54,1493

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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Running a Report

SolidWorks SimulationXpress provides the ability -
save a report of your results. This ensures the

SolidWorks SimulationXpress Q

o

) . R @ 1 Fixtures o
information is well documented for future work on (| |2 Loads w
. .. . =1 |3 Material (V4
this or similar projects. = Wi E
Choose between these two report methods: 4?“— Sl v
m HTML Report e _
. . =1 Saving a report of your results
] eDraW]ng F]le ﬁ ensures the information is well
| B documented for future work on
k this or similar projects.
1 Do not run a report as this time. Choose between these tio
Clle Next report methods:

. Generate HTML repart
Note: AS an €xercise, create a report. @

@ Generate eDrawings file

e

@ Back Q Start Over
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Optimizing the Model

SolidWorks SimulationXpress tries to find the 1 Fbtures 7
. . . . 2 Loads [¥
optimal value for one model dimension while SR o
satisfying a specified criterion: 4 Run 7
5 Results [¥.4

m  Factor of Safety 6 Optimize

m  Maximum Stress

. . Optimize Your Design
m  Maximum displacement
Simulation¥press can identify the
aptimal dimension for mast

features in your SolidWorks

You can either input your desired Factor of Safety or T S ———
allow SimulationXpress to calculate Factor of Safety results.
based on Min and Max dimension limits. Would you like to optimize your
madel?
* ‘Yag
T No

&
g Back @ Start Over

Yariable Yiew |
1= Wariahles
|D15ketcht (0.003) Range Mir: 1 5mim = Mas: |4 Smm =
! Ciick here to add lrariables v|
=l Constraints
| Click here to add Constraints v|
=l Gosls
|Mass Minimize
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1

Optimize the model.
Accept the default value. Click
Next.

Click the 3mm diameter
dimension as illustrated in the
graphic area.

Click OK from the Add
Parameters dialog box

Accept the dimension range: Min:
1.5mm - Max: 4.5mm. Click Next.

Do not Edit a dimension at this
time. Click Next.

SolidWorks

Engineering Design and Technology Series

1 Fixtures

2 Loads

3 Material

4 Run

5 Results

6 Optimize

L4888

Optimize Your Design

Simulationxpress can identify the
optimal dimension for most
features in your Salidworks
madel based on your simulation
results.

Wiould you like to aptimize your
maodel?
* ‘fag
" ho

=
@ Back @ Start Over

X

Select a model dimenzion to uze in the optimization.

Model dimension:

QK ] [ Cancel ][ Help

(£ Editthe dimension

Ty

@ Back @ Start Over

@ Edit the dimension range
& e

@ Back Ej Start Over

Optimizing the Model
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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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134

View the results.

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

Close all models.

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

SolidWorks

Engineering Design and Technology Series

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

W

Fluid Flow Analysis

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.
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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 Wil 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.
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Check Before Using SolidWorks Simulation Flow

Make sure SolidWorks Flow Simulation
software is installed.

Click Tools, Add-ins... from the Menu bar
menu.

Check the SolidWorks Flow Simulation
2010 box.

Click OK from the Add-Ins dialog box.

Note: The Flow Simulation tab is display in the
CommandManager with an active document.
Tip:  Select tools from the Flow Simulation

CommandManager.

Lesson 5: Analysis

Add-Ins X

Active Add-ins

= solidWorks Premium Add-ins
138 30 Instant Wehsite

[C]&R Circuitworks

[ &8 Featurevarks

] Phatavarks

]l scanTazn

D-:?; Solidworks Desian Checker
[]¢# salidwiorks Mation

] salidworks Routing

Df’ Solidvworks Sirmulation

[0 solidwarks Toolbox

| q? Solidworks Toolbow Browser
] salidwarks Utiities

[0  solidwarks Workgroup PDM 2010
BT Talnakyst

=l solidWorks Add-ins

[0 Autctrace

[  Solidwarks 20 Emulator

Solidwiorks Flow Simulation 2010
17\ Salidwarks MTS
| alidwiorks ¥PS Driver

—® o« |

|start Up |

|

00000 ooooooooooood

[ Cancel ]

@SnlidWorks ' Flle Edit View Insert Tools Flow Simulaton Window Help & { D = L}} o H LA == TR AR “% '| ! E =

S Wizard B Eq 5 B [k a = &
E Flow o ] e = s Flow

[ mew El 5 smidat., |8 ‘! < Simula...

By ) = . i Bg-= .

&  Flow
“ simulati...

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

e ) !
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Let’s Analyze the Initial Race Car Block
1 Open the Race Car assembly from the

0. Bud-= 960

Flow Simulation folder. = o
. re | Sim - = rkd
Click Open from the Menu bar toolbar. and Open (Ctrl+0) }-.
Opens an existing document,
Browse to the Flow Simulation
folder Lock in: | {29 Flow Simulation v| Q F A

521
2 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.

b5 g

(7~ )

@ Race Car (Initial Block<Display Stat]
- [i] sensors

[#-[A] Annatations
& El Lights, Cameras and Scene

@snl_idWorkslﬁle Edit View Insert Tools Flow Simulation Window  Help Q?LD'E‘?'H' 2 - - FR

g E\EI Lights, Cameras and Sce

- Q Front Plane

= Q Top Plane

4 Q Right Plane

;., Origin
% {F) Race Car Block=1 = (*
% {-3 Axle <1 = (Axle Long=
(] % (-3 Axle =2 (Axle Long«
[#-9y (-) Wheel <13 (Default<
2198y () Wheel<2> (Default<
) () Whesl <3> (Default<
5 () Whesl <4 (Default<
[+ @@ Mates

| PO

o o % - W
‘S :’lzard Eéf ey - £ Ff%u q% .[;;, raﬁil - .\,d Ff:\- I;_ ,,\é Fﬁ
- = I “J Simulati... E - e Y Simula... Simulati...
B coreproiect (B 1 . B B2 . @& .
Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation | _ & %
° 5 > QAN W@ B i @B O
(T~ )
@ Race Car (Initial Block<Disp
- Sensors
(= Annotations /

| Solidworks Premium 2010

Under Defined  Editing Assembly IZ' @
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Create a Simulation Flow Project

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.

4 Configure a project name.
Click the Create new box.

Accept the Configuration name:
Initial Block (1).

Click Next>.

Wizard - Project Configuration

Lesson 5: Analysis

Insert Tools FlowSmulaion  Window Help &
i b o
B e B ® & H
-.‘-@ 3 »n s  Fow .z
- = ! Simula, ..
&
i Eg ~ | B - &

Office Products | Flow %im\laﬁon |
LS

G SolidWorks || Fie Edt view nsert

|§ Wizard | E% @1
R X

|
B

Flow
[ New s Simulati...
By 2 5
Wizard
L ASSEH Create & new Flow Simulation project Omce
=k Using the Wizard

Configuration

() Create new 4—

() Use current

Configuration hame: )nit\al Elack (1]

Current configuration:

Comments:

| ritial Block

B Computational Domai

.E Companent Contral
B Fluid Subdomains
a Rotating Regions

% Solid Materisls

B Boundary Conditions
) Inlet Mass Flow
) Static Pressure
.: Fans

B Heat saurces

Contact Resistances

i Heat Sink Simulations|
@ Parous Media

.
B ack Newi> | [ Cancel | [ Heb

SolidWorks Flow Simulation

139



SolidWorks

Engineering Design and Technology Series

Lesson 5: Analysis

Note: All required analysis data for —— -
K . . ) B nik spstern;
this project is saved in this S Fath Comment
3 LGS [cmeg-s] Fre-Defined LGS [cmeg-s)
SOlldWOrkS mOdel FPS [ft-lb-5] Pre-Defined FP5 [ft-lb-5]
1 IPS [in-lb-z) Pre-Defined IPS [in-lb-z)
Conﬁguratlon' Mk [mm-g-z) Pre-Defined Mtk [mm-g-z)
Sl [m-kg-g] Fre-Defined Sl [m-kg-g]
i Usa Pre-Defined Usa
e e uni ystem.
Click Sl (m-kg-s) in the _
Unit system box. o
Cth ln81de the VeIOCItyl Parameter Units | Decimal Places | 1.0 Unit S1= |
Units box. = Mein
Prezsure & stress Pa a 1
Select Mile/hour. et ! !
Mazs 3 1
Lencth Kilometerhour i}
Temperature il oL — 0
Physical time EQSLSECDH ] 9
[+ Geometrical Characteristic Inchizecond
[+ Loads&hiation Yardfzecond ==
(+ Heat Centimeterfzecond @ (5
Millimeter izecond
Footiminute
[ cBack ] [ custom .. [ Hee ]
Scroll down to view the — —_— -
Loads&Motion option. Tempersturs 5o °
Physical time = 1 1
EX and the LoadS&MOtion [+ Geometrical Characteristic _»
p | Loads&hiation
folder. / Acceleration mis"2 1 1
Force (0 1
Click inside the Force/Units s o polg 1
Mach number 1
bOX. Angular velocity 1 =
Cunce-farce
Select Grams force. < Back Pound-force Help
HKilopond
Click Next>.
Unit sypstem:
System Path Comment
Gram-force = o oy
Gram-force is a unit of force, T e b
approximately equal to the A R 1
weight of 1-gram mass on
earth. However, the local FlE ebie now
graVitational acceleration g Parametsr Units | Decimal Places | 1.0 Unit 5= [ &
varies with latitude, altitude, ~ Physicaltine s !
. + Geometrical Characteristic
and location on the planet. So FeCm il 1
to be precise, one gram-force is Forse Fivo 101 a7
Mazss flovy rate kars 3 1
the force that a 1-gram mass Mach pumber 2
Angular velocit radis 3 1
exerts at a place where the e e s 4 1
acceleration due to gravity is Frien sozffcint ' 4 o
9.80665 meters per second per <Back | [_Hexts | [ Conodl | [ Heb
second.
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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>.

SolidWorks Flow Simulation
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]

Parameter Walue
Default wall thermal condition Adiabatic weall
Roughness 0 micrometer

[Dependency. ., Q)

< Back ]‘1Next> J[ Cancel ][ Help ]

7

Parameter

| Walue | l:?)

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 Set Results and Geometry Resolution.
Set the Result resolution to 4. This will yield acceptably accurate results in a

1"

reasonable amount of time.

Wizard - Results and Geometry Resolution

Fiesult resalution 0

1 2 3 4 5 E 7 a
e e == R S
IEJE]
Minimum gap size
[[] Manual specification of the minimum gap size
Mirimum gap size refers to the teature dmension

Minimum gap size:

Minimurn wal thickness
[] Marual specification of the: rinimum wall thickness

Mirimum wall thickness refers to the feature dimension

Miriirnurn wall thickness:

[ Advanced nanow channel refinement Optirnize thin walls resolution (3

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

Click the Finish button.

View the model in the Graphics
area.

Zoom out to view the
Computational Domain in
the graphics area.
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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
Why modify the Computational Domain:

m Size
We are going to reduce the size of the

Computational Domain in order to reduce solving

time, at the expense of accuracy. A smaller domain B Gk
means there are fewer fluid cells to calculate. Using = 55 Resuts
. . . Mesh
the default sizes for the domain could result in § -
solving times in excess of 1 hour even on a & 30-Profic Plots
d 1 f h 1 . . @ Surface Plots
moderately fast computer. Such solving times are &

not practical in a school environment,

1 Display the Flow Simulation analysis tree. T v plots

Click the Flow Simulation analysis tree

Expand the Input Data folder.

SolidWorks Flow Simulation

Lesson 5: Analysis

SAERI SN

8 Initial Block (1)

=} @ Input Daka
@ Computational Domain
Fluid Subdomains

Eﬁ Boundary Conditions

% Flow Trajeckories
@ Particle Studies

& Point Parameters
@) Surface Parameters
Wolume Parameters
ﬁx Goals

@ Repork

a1 Animations
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Setting Goals
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2

Set the Computational

Domain size. EEDE
Right-click the ® %‘a:ﬁk;al:a
Computational Domain

folder.

Click Edit Definition.

Engineering Design and Technology Series

Computational Domain

Input the following values on Siee | Boundary Concilion | Color Sefting| -
the Size tab: 5 = |
B Xmin = -0.16m X ma [015m | B
m Xmax = 0.16m ¥ i [fn I
B Ymin = -015m o —
3 !D.1Sm | &

m Ymax = 0.15m . R

. mir N -
B Zmin = -0.21m s
m Zmax = 0.31m 2o Laim  |E
Click OK.
Results.

The resulting Computational
Domain is displayed in the
graphics area.

You can specify the following four
engineering goals:

Global Goal

A physical parameter
calculated within the entire
Computational Domain.

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

Volume Goal
A physical parameter calculated within a user-specified space inside the
Computational Domain, either in the fluid or solid.

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:

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 FeatureManager.

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

Click Insert Global Goals in the
Flow Simulation analysis tree.

SolidWorks Flow Simulation

Drag the boundary of the PropertyManager window to
the right to make it wider. This makes it easier to read
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KIE-YE
T, Initial Block (1)
@ Input Daka

=]

@ Computational Domain
Fluid Subdomains
Eﬁ Boundary Conditions

Iﬂ Goals

= »« P Tnsert Global Goals. .
fﬁf e sert Point Goals. ..
& cl Insert Surface Goals,
& Insert Yolume Goals. ,

Parameter

A

Parameter

Turbulent: Viscosity

Turbulent Time

Turbulent Length

Turbulent Intensity

Turbulent Energy

Turbulent: Dissipation

Heat Fluzx

¥ - Component of Heat Flux

Y - Component of Heat Flux

Z - Component of Heat Flux
Heat Transfer Rate

¥ - Component of Heat Transfe
Y - Component of Heat Transfe
Z - Component of Heat Transfe
Mormal Force

¥ - Component of Mormal Force
Y - Component of Mormal Force
Z - Component of Mormal Force
Farce

¥ - Component. of Force

Y - Component of Force

Z - Component of Force

Shear Force

£

08 o o o [
0 o o O

=

2 | Bulk fv|Use | &

|
d
d
d
d
O

FEEEEEEEEEEEEEEEEEEEE

|
a
a
a
a
a
a
a
a
a
|
|
|
|
|
|
|
|
|
|

[z - Component of Force

,P‘»x | Global Coardinate System

®/r7|R’|=

W8y Initial Block (1)
=} @ Input Daka
@ Computational Domain
- Fluid Subdomains
Eﬁ Boundary Conditions
= # Goals

? GG £ - 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.

SolidWorks

Engineering Design and Technology Series

Parameter A
Parameter Min | Av | Max | Bulk Av|Use | A
Turbulent Length Fl [MIF (" 0
Turbulent Intensity Fl_ [MIFE
Turbulent Energy Fl_ [MIFE
Turbulent: Dissipation F [FIF [F
Heat Flux [Fl_[F]F
¥ - Component of Heat Flux F [FIH
Y - Component of Heat Flux F [FIH
Z - Component of Heat Flux F [FIH
Heat Transfer Rate O
¥ - Component of Heat Transfe ]

Y - Component of Heat Transfe ]
Z - Component of Heat Transfe ]
Mormal Force O
¥ - Component of Mormal Force ]
i - Component of Mormal Force ]
Z - Component of Mormal Force ]
Force O q
¥ - Component. of Force ] -
Y - Component of Force
Z - Component of Force g [l
ShearForea O [ - Component of Force
¥ - Component of Shear Force ]
Y - Component of Shear Force (] ha
< |2
}—»x | Global Coordinate Spstem i
M EIENEE]

Initial Block (1)
= @ Input Daka

Rename the GGZ - Component of Force 1 to Drag.

Rename the GGY - Component of Force 1 to Lift.

@ Computational Domain
Fluid Subdomains
Eﬁ Boundary Conditions
= ? Goals
i l'ﬁ GG Z - Component of Force 1
? GG Y - Component of Force 1

= % Resulks

Initial Block (1)
= @ Input Daka
@ Computational Domainy
- - Fluid Subdomains
Eﬁ Boundary Conditions
= ? Goals
? Drag
# L
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Running the Analysis

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

Click the Run button.

2 Solver information.
The Solver 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 25

minutes.

3 Pause the calculation.
After about 60 interrelations,
click the Suspend [n] 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.

SolidWorks Flow Simulation

B, c @ ® & B &
Flow = 3| Flow
@ flun Lo'ade'stLlthlgad & 2 Simjg... @' Simuloaj;j..
@ __%_ »« - &E o @ % ¥
Pifice Prijucts | Flow Simulation
Run
Solve the defined task
Run 2
Startup
[#] Salve
(&) Mew calculation
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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

=0 2 BOR
N suspendictri+s)

Parameter | Yalue
Fluid cells 71050
Partial cells 3563
Iterations 60
Last iteration fini,.. 09:16:39
CPU time per last,.. 00:00:04
Travels 0.706197
Ikerations per 1 k... &84
Cpu kime 0:3:10
Calculation time left 0:17 : 47
Status Calculation
Preview Settings E‘
Definition ] Sett\ngs} Image Attnbutasl Dptlons] Heglon] =
Plane definition
Cancel
Flane name:
Help
Flane offset:
Minax mode Mode
* Contours
" Manual min/max X
" lsolines
+ ALko min/maz
" elocity wectors
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Click the Settings tab from the

. . . Pieview Setti %]
Preview Settings dialog e '"gs ~ B
Diefirition  Settings \magamtlihules] Dplinns] Fleg\nn}
box. 0K
i~ Contours/lzolines options 4‘
. C |
Select Velocity for Parameter T
. Help
Parameter. View your
options.
Turbulent Viscozity
C]ick OK 1~ Welocity vectors options Turbulent Time

5 View the Preview

4 Velocity( Right Plane 640x480,Auto Update )

box.
The Plot preview is L
dlsplay.ed in its ]
own window. . ]
. 0 milejh
o
Note: The scale may vary
slightly.
Close the Preview
WindOW Min=0 milefh Max=72.3998 milejh
* Iteration = 60
< 3.
6 Preview the S F
Preview Settings ['5_<|
Pressure. S| ] ] 1 =
. . Definition =ettngs | image Attibutes | Options | Region
Click the Insert Preview [:] tool ok
Contowrs/lsolines options
on the Solver toolbar. The S e  Cancl |
Preview Settings dialog TR e |
box is displayed.
Select Right Plane for Plane Velocily vectors aptions
name. B
Select Contours for Mode.

Click the Settings tab.

Select Pressure for Parameter.
Click OK.

View the results.

Close the Preview window.
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7 Resume the
Calculation.
Close the
Preview
window.

Click the
Suspend [u]
button on the
Solver
toolbar.

8 Completion.
The status bar at
the bottom of
the window
indicates when
the Solver is
finished.

Lesson 5: Analysis

& Pressure(Right Plane 640480 Auto Update )

Pressure (Pa) a

.—mzlnn Pa

100459 Pa

Min=100453 Pa Max=102140 Pa
Iteration = 60

i ]

==

28 Solver: Initial Block (1){Race Car.SLDASM)

File Calculation Wiew Insert  Window Help

mn 02 BB e
5. spend(Cir+5)

=020 [Bl@E He |2

EEEfo

Iterations Date Parameter Walue
Mesh generation started 13:37:39,, Dec 10 Fiuid cells 71085
Mesh generation normally finished 13:38:01, Dec 10 Partial cells 3575
Preparing data for calculation 13:36:07 , Dec 10 Tterations 120
Caleulation started 0 13:38:16 , Dec 10 Last iteration Fini...  13:51:35
Calculation has converged since k.. 119 13:51:35 , Dec 10 CPL time per last.., 00:00:03
Goals are converged 113 Travels 1.41201
Caleulation finished 120 13:51:42, Dec 10 Tterations per 1 £... 85
Cpu time 0:6:10
Calculation time left 0:0:0
Seatus Solver is finished.
& il 5
WWarning | Comment
Ho warnings
< i | 3
| B 2
I8 Log
Ready Tterations : 120 P

SolidWorks Flow Simulation
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9 Close the Solver vindow.
Click File, Close from the
Solver dialog box.

8 Solver: Initial Block (1){Race Car.SLDASM)

8 Calculation Vi

Insert  ‘Window Help

Message Iterations Date
I Mesh generation starked 13:37:39, Dec 10

! Mesh generation normally finished 13:38:01 , Dec 10
| Preparing data For calculation 13:38:07 , Dec 10
| Calculation started 1] 13:38:16, Dec 10

Calculation has converged since £, 119 13:51:35, Dec 10

| Goals are converged 119
| Calculation finished 120 13:51:42 , Dec 10

10 Hide the Computational
Domain.
Right-click the Computational
Domain folder.

Blr|R|<|

8, Initial Block (1)

B@ Input Daka

3 i a Comru tkatinnal Minmain
: @ Flui Edit Definition, ..

Click Hide. -
11 Save the document. ; E:‘g

Click Save from the Menu
bar toolbar.
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Viewing the Results

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:

Cut Plots (section view of parameter
distribution)

Section Plots (generates contours of the results
on the specified sections)

Flow Trajectories (streamlines and particle
trajectories)

Goal Plot (behavior of the specified goals during
the calculation)

XY Plots (parameter change along a curve, sketch)
Surface Parameters (getting parameters at
specified surfaces)

Point Parameters (getting parameters at
specified points)

Report (project report output into Microsoft
Word)

Animation of results

We will view Section plots, Surface plots and
Flow trajectories next.

Viewing the Results

Lesson 5: Analysis

[®Blry|il <=
T, Initial Block (1)
= @ Input Daka

@ Computational Domain

Fluid Subdomains

Eﬁ Boundary Conditions

=2 FR Goals
? Drag

BLife

i
= % Results

ﬁ Mesh
=Bk Cut Plots
& CutPlat 1
& CutPlat 2
() 30-Profile Plots
= {) Surface Plots
@ Surface Plot 1
& Isosurfaces
= % Flows Trajectaries

% Flows Trajectories 1
% Flow Trajectories 2
% Flow Trajectories 3
@ Particle Studies
T v plots
& Paint Parameters
@ Surface Parameters
WYolume Parameters
ﬁ Goals
@ Report

a1 Animations
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Accessing the Results

1

Note:

Note:
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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.

Change the View
settings.
Right-click the

View Settings

__Isosurfaces.

Contours
Results folder. | - Setings
. Parameter:
Click View Settings.
Min:  100749.082 Pa
Cth the Contours Max: 102534.819 Pa
tab.

Palette:
Select Pressure from

Mumber of colars:

the drop-down menu -
for Parameter s
Settings.

Izolines

SolidWorks

Engineering Design and Technology Series

= % Resulks
i
= & Slazck Results

& Flot Manager...
Parameter List...
Batch Resulks Processing..

h % Flow Trajectories

> & @
Ddresuts_tmp
[=)1.cpt

=) _noonon.Ad

File name: i1 bl Open

Files of type: [F it = Cancel

Dptiorjs_ ;i

10

E_o_ordi_n_@te System 30-Profile

: Wectors . Flo;v Traie&:tor.ies |
| Pressure M
100900 Pa
| 101700 Pa -
L Reset Min/Max

Enter 100900 for Min.
Enter 101700 for Max.
Click the Apply button.

Click OK from the View Settings dialog box.

The reason we do not use the default values is because if we make a design change
to the car and re-run the analysis, the minimum and maximum pressure values
will be different. That means red would represent one pressure on one plot and a
different pressure on a different plot. Using the same minimum and maximum
settings for each analysis allows for meaningful comparisons between different

iterations of the design.

Viewing the Results
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3 Create a Section Plot.

Lesson 5: Analysis

Right-click the Cut Plots folder. '_:'@Efz;zgni”a' Rt

. (A nnotations
Click Insert. The Cut Plot . é‘ s
PropertyManager is displayed. Front . | K opere
Plane is selected by default. C @EEE + % o
Expand Race Car from the fly-out i [Righ Flane ‘ LR () flet > (A Long)
FeatureManager. View the features. N i %E; e e

. o Om . : + -1 'Wheel<l =
Click Right Plane from the fly-out — % E; x:ee::gi
FeatureManager. Right Plane is : - () whesl<4>
displayed in the Selection Plane F;iﬁ'a' AL 00 maes
or Planer Face box. M 2%t

|@)| Isolines
Click the View Settings button in the IEI o
Cut Plot PropertyManager. The -
View Settings dialog box is (B8] vesh I
displayed. Options ¥ M
Region %
View Settings... *__
Click the Contours tab.
Select Velocity from the drop- View Settings FES)
down menu for the o | Gnr |t | S0
Parameter Settings. jree— |
Click the Apply button. | e Do
Max 720079253 mile/h
Click OK from the View —
Settings dialog box. e o TR
4 View the Section Plot. J |
Click OK from the Cut 7
Plot PropertyManager. View -
the plot in the graphics area. %
. ®

You may need to Clle the [Hide FeatureManager Tree Area

Hide FeatureManager Tree
Area tab to view the total plot.

Viewing the Results

155



Lesson 5: Analysis

5

Note:

Note:
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View the results.

Click Right[#] view from the
Heads-up View toolbar. View the
results.

Click the FeatureManager tree tab
if needed to view the Velocity scale
in the graphics area.

View the high velocity areas around
the model in red and orange.

SolidWorks

Engineering Design and Technology Series

721039
64.8835
576831
50.4728
432624
36.052

288416
21.6312
14.4208
721039

0
Welocity [milelh]

721039
64.8835
576831
50.4728
432624
36.052
288416
21.6312
14.4208
721039
0

Welocity [milelh]
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o

6 Create a second Cut Plot.
--% Results ‘

Right-click the Cut Plots folder. L mesh
. . o CutPo -
Click Insert. Front Plane is selected by default. i EF
3 ﬁf_pr e Al

: <» Swfa  Clear and Hide Al

H 9 50sU Djete al
=2 Flow T — ]

7 Change the Selected Plane.
Expand the Race Car assembly from the fly-out
FeatureManager.

=

Click Right Plane from the fly-out FeatureManager. P

Right Plane is displayed in the Selection Plane or B e @ @
Planer Face box. i it plare
Click the View Settings button. Apn |8
: Y
Display A

@ Contaurs
|@| Isolines
|z| Veckars

|§| Mesh

«

| Options

«

| Region

Wiew Sethngs. ..

{

Click the Contours

View Settings

tab.
_ lsosufaces | Options |  Coordinate System || 3D-FProfile |
8 View the Settings_ Contowrs | lsolines |  Wectars | Flow Trajectoies |
i
Select Pressure from ot el
- E—
the drop-down menu G g — —— pen
for Parameter -
. Max 102534819 F. | e e
Settings. ) [ Sliglil
. . Palette: Palette 6 v
View the Min 100900 [Potcs  ¥] T
Value. Mumber of colors: 10 .
: o
View the Max
101700 value.
Click the Apply button.
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Click OK from the View Settings dialog box.

Click OK from the Cut P1lot PropertyManager. Cut _ _
Plot 2 is displayed in the Flow Simulation analysis tree. % o

| Boundary Canditions

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.
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10 Hide the Section Plots.
Right-click the Cut Plots folder.

Click Hide All. View the model in the

1"

12

graphics area.

Display an Isometric view.
Click Isometric from the Hands-on

View toolbar.

Save the document.

Click Save from the Menu bar toolbar.

Viewing the Results
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SFlRl=|

=] @ Input Data

= % Results

Initial Block (1)

@ Computational Domain
: - Fluid Subdomains
Eﬁ Boundary Conditions
= l'“ Goals
- ? Drag
B L

: [ﬂE Mesh

= & el Insert...
|

3x
S 3R r and Hide Al
P sufe pefete al

s é Isosurrace:

% Flow Trajectories
: @ Particle Studies
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Flow Trajectories

Tip:

160

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.

They are analogous to the
streamers of smoke in a
wind tunnel.

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 trajectories.

SolidWorks

Engineering Design and Technology Series

:

F?: @ - Bu Flow
imulati. . @ Run, | SR & O Simula. .

uate | Office Products FlowS;mm;&I

Results

HJ

»

Starting Points

@l"v (&)

Face<3»@Race Car Bl
Face<4:»@Race Car Bl

Face<3>@Race CarBl
Eii oD b e )

% =§=S o

w Trajec

¢ X &

b3

Starting Points

@ (@

G2

7
7] o —

Options ~
I

& Pipes w

N !'6.'0'63_ m |:

& U oo
Use CAD geometry

|Eonstraints ¥ |

Revalvel of Wheel=1
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Note:

Select Line with Arrow from the Draw
trajectories 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

Lesson 5: Analysis

8-H

Pipes .

=

A oGe

Arrows (Flat)

Constraints ¥ |

View Settings...

turbulence around the front wheels and behind the block.

Click the Flow Trajectories [ tool in the Simulation
toolbar to insert a new trajectory.

Save the document.

& & HE &
Flow = Flow
¥ Simula... | Simulati...

B - Ee
2

0 .35'%
low Trajectories
Insert Flow trajectories

Click Save from the Menu bar toolbar.

B 2--0x

S SolidWorks [ Fie Edt View et Tods FowSmishon Vindow Hep i3 lD - B
S Wizard Bh i L+ a5 > B b3 & B B &
O ew (8 seneral [13 gt | @ un ||Loacilrioad | e e i
¥ Settings Results @ == BT
Clane Project @ h - = - Eﬂ - =8 - % -
Assembly | Layout | Sketch [ Evaluate [ Office Producis | Flow Simulation |
> 101700 Qv m@E @ - S8-0-
~ 101620
" 101540
E 101460
! 101380
b
] 101300
101220
101140
101060
i 100880
q- 100900
3 Pressure [Pa]
b
L
5
@ Y - v
a9 ZAK
€3 *lsometric

GSFEEC &)

Under Defined

Edting Assembly

2 €]
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Experiment With Other Flow Trajectories

162

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.

Hide the flow trajectory.
Right-click Flow Trajectories 1.

Click Hide.

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 trajectories.

Select Lines from the Draw trajectories drop-down
menu.

Click OK from the Flow Trajectories
PropertyManager.

Display the Right view.

Click Right view from the Heads-up View toolbar.

=<3k Cut Plots

(F! {) Surface Plots

1= % Flows Trajectories

¥ CutPlat 1

& CutPlat 2
(S5 3D-Profile Plots

é Isosurfaces

@ Particle = Edit Definition. .

T v Plots
F e lear and Hide

= & Cuk Plots
& CutPlat 1
¥ CutPlat 2
€23 3D-Profile Plots
+ {) Surface Ploks
é Isosurfaces

= @ Flow T
% Fl
Particlg  Shtw Al

Starting Paints |

@~F

Nl Rich Plane

Sl L

.e/;' éDm

4

B [0
%] [

thions ﬁ.

Use CAD geometry
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Hom
B ..
®

' Wizard B
[ mew E General
Clone Project @

B2
Initial Block (1)
= (B Input Data
a Computational
@ Fluid Subdoma
Ff Boundary Con
= ﬁ Goals
P! Drag
LB LR
= % Resulks
Mesh
Cut Ploks
{,‘g Cut Plat 1l
% CutPlotz
{23 30-Profile Plot
® <P Suface Flots
& Tsosurfaces
EJ-% Flow Trajector
& Particle Studie
B v Plots
& Point Paramet
¢ Surface Patarr]
‘olurne: Paran
B Goals
-} Report

~Tm Animations

Note: Notice the turbulence in front and behind the
body of the block.

1 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.
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Tip:
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Enter 50 for the Number of trajectories.

Select Lines from the Draw trajectories drop-down

menu.

Click OK from the Flow Trajectories

PropertyManager.

The lower number of trajectory lines makes it easier to see
if there is significant turbulence surrounding the model.

SolidWorks

Engineering Design and Technology Series

Starting Poii

nts

»

&) ()

Use CAD geometry

EfiSolidWorks I Fle Edt View Insert Tools FiowSmlation

vindow tep 2|01 -2l -%-9 B 2 -0 %]
% Wizard B H & B B o & & BEY &
O wew | & General | B33 S\an.Iuloa“é..‘ | Run | LozdjUnload B | = it | Sian.Iuloa“é...
Clone Project @ fieteas h = heaits Ea " % @J -
Assembly | Layout | Sketch | Evaluate | Office Products | Flow Si |

el =Y E
Ty Initial Black (1) |
E ﬁ Input Data
@ Computational Domai
Ly Fluid Subdomains
Eﬂ Boundary Conditions
E|- Pt Goals
£ F Drag
1 L LR
E?E Results
ﬂEF Mesh
=3 CutPloks
T
- B CutPltz =
{23 3D-Profile Plats
<> Surface Plots
Yy Isosurfaces
B % Flow Trajectaties
i % Flow Trajectarie

o % Flow Trajectarie
- % Flow Trajectarie
@ Patticle Studies
P v plots
A Poirt Parameters
> Suface Parameters —
[ volume Parameters

& Goals
i

I | =

101700
101620
101540
101460
101380
101300
101220
101140
101080
100880

100900
Fressure [Pa]

*lsometric

QOSHEB-F-ov- @ 8- O-

rks Premium 2010

Under Defined  Editing Assembly

]
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The flow trajectories reveal several conditions:

Lesson 5: Analysis

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.
Right-click the Flow Trajectories folder.

Click Hide All.
3 Save the document.
Click Save from the Menu bar toolbar.

Quantitative Results

The preceding examples of
Surface plots and Flow
trajectories are excellent
tools for visualizing how air
flows around a body.

! é Isosurfaces
= B& Flow Trgmsmi

| Insert...
i % Flaj

= I
S Flo thow Al

s @ Particle|  Clear and Hide &l

: @ Bty Delete Al
o Paink Par

3, e > s E
@ Aun Load/Unload | | ¢ Simula... J
| e e o T g e

fiice Products | Flow Si

¢

Generate goals plot

However, they are more Ceals a3
qualitative than quantitative. i |G°a' i |
Al v
Let’s move on to a more .
quantitative interpretation of
results.
Note: Microsoft® Excel is needed St
for the next section. [ﬁmsa:
Iterations v
1 Create a Goals plot. Templete
. Add &l EMOve oals. x v
Click the Goals tool 5 Fr—
from the Flow C o 1 ooen [ F ]

Simulation tab. The
Goals dialog box is displayed.

Click the Add All button.
Click OK.

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.

Viewing the Results
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Race Car.SLDASM [Initial Block (1)]

Goal Name Unit Value Averaged Value [Mini Value
Drag 1] -150.1185448 -150.1506867 -150.4329523
Lift 1] 2.023015116 8.630707817 5.051034856

lterations: 120
Analysis interval: 43

Note: Numbers may vary slightly.

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 -150.11 grams.

The correct way to state the results is to say we have a drag force of approximately
150.11 grams-force and a downward lift force of approximately 9.08 grams-force.
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Changing the Design

Based on the analysis of the Race Car (Initial Block) e? &E 'B!Ef :mm'ahc —
assembly configuration using SolidWorks Flow =B E Rebuild
Simulation, we conclude that the shape of the body can [l e
be greatly improved. Eq Elr:rtﬂconefniwgpulc::i;H
The easiest way to redo an analysis is to clone the e Bl Dy
SolidWorks Flow Simulation project we created for the | = B8 Re:  pasic tesh color...
Initial Block design. This way we don’t have to repeat g L —

the work of adding the goals and defining the B e
Computational Domain, but we can not reuse plots & Eg_;o”;l:';tofs

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 Tnitial Block (1) Clouz Hioifaot
configuration in the Flow Simulation O Create new
analysis tree. © add o eristing

Click Clone Project.

Chck Add to existing' .Existing configuration:

Default »
Select Default for Existing configuration. E{j\kf”” i '
Check the Copy results box. [ ok J[ cancel |[ Hei

Click OK. The system will ask you if you
want to reset the Computational Domain.

Click No.
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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.

Reset Mesh settings.

Do you want to reset mesh settings? Click Yes.

Run the solver.
Click Run from the Flow Simulation
CommandManager toolbar.

Click Run from the Run dialog box.
This can take 10 - 15 minutes.

Completion.
The status bar at the bottom of the

window indicates when the Solver is
finished.

Close the Solver dialog box.

v Run E”E

@ Run | Load/Unload & &
s Results :
@ " %=

fice Priducts | Flow Simulation

Run
Solve the defined task

Startup
e

Mesh [ Take previous results
Solve
(@ Naw cakolstion

CPU and memory usage

Fiun at: | This computer [CAD session] %
Use [q + | CPUGs)

Results processing after finishing the calculation

Load results

Batch Results.

@ Solver: Default(Race Car.SLDASM)

File Calculation Wiew Insert ‘Window Help

> 2 BleB| e 2

E Log

| Message Iterations Date Parameter

[[Mesh generation started 14:55:35 , Dec 23 Fluid cells
14:56:07 , Dec 23
14:56:16, Dec 23
14:56:27 , Dec 23

15:04:23 , Dec 23

Mesh generation normally finished
Preparing data for calculation
Calculation started ]
Calculation has converged since ... 131
Goals are converged 131
Calculation finished 132 15:04:33 , Dec 23
Calculation time left
Status

Partisl cells 3393
Iterations 132
Last ikeration fini...  15:04:23
CPUtime per last... 00:00:03
Travels 1,55403
Iterations per 1t... 85

Cpu time: 0:6:52

0:0:0
Saolver is finished.

& | 3
MWarning Comment
o warnings

< | >

[ e (B Log

Resdy

[Iterations : 132
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Examine the Results
1 Load the results.
Click the Flow Simulation analysis tree
Examine the results for the Default configuration.
The Default configuration is the final configuration
of the Race Car assembly.

1 Create a Flow Trajectory plot.
Right-click the Flow Trajectories folder.

Click Insert.

Click Isometric view from the Heads-up View &5 particest.
toolbar.

’ AL R Flows Simulation analysis tree
(=] @ Race Car Configuration(s) (D
& 1__[@ Default <Display State-1=
{F® Final<Display State-3= [ F

P Initial Block (1) <Display St

{F® Initial Block<Display State

tab.

GfiSolidWorks | rle Edt Vew Insert Toos Fowsmdaon Wndow Hep S| - (¥ -ld-%-9 -8 2~ - O

Nowd B Hog @, e @ % o BE &
[ New [ General |[13 o, 79% | @ run [loadfosd B | O 720 i [@), T
a Settings Results L
Clone Project | [@ B =] ; & &

Wes . .
| Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation | _ 8%
SIrIET| LA¥AE-F-o- @8- O
@, Default A

= (B InputData
) Computational Domain
Fluid Subdomains
| Boundary Conditions
o R Goals
# Drag
& LR

= b CukPlots
- Cut Plok 1
&k Cuk Plak 2
2 30-Profile Plots
[+ <P SufaceFots
& Isosurfaces
= =& Flow Trajectories

=T Flow Trajectories |

=% Fow Trajectories 2

=& Flow Trajsctories 3
{5 Particle Studies

T v Plots
A Point Parameters v
& Surface Parameters
Volume Parameters s
B Gosl 8
R t .
._L_ | *isomefric

Solidvarks Pramium 2010 Undsr Defined  Editing Assembly 2]

- é Isosurfaces
= @ Flow Trajgekaria-

Flow ?
Flow o All

Flow

BB

Delete Al

T v pots

Point Parameters

If needed, right-click Clear Selections.
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Click the front face of the Race
Car.

Enter 50 for the Number of
trajectories.

Select Lines from the Draw trajectories
drop-down menu.

Click OK from the Flow Trajectories
PropertyManager.

Below are the two Flow Trajectory plots Race
Car (Initial Block) vs. the final Default Race
Car configuration. View the pressure areas.

b3

Starting Points

&) (@

Options ~
IS

o I v

X 2

f g oo

Use CAD geometry

| Constraints ¥ |

View Setbings...
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mﬁﬁiﬁhmwm Mwﬁmmmﬁlﬁ Be-E-8-8- 2. \A%
S Wizard =) w -
0 New |E General \E]‘ I ‘@ p..m | Loaciie
Settings
B clone Project | [@ o He
WW|W|WIE\&MI ice Products. ,‘IWSmHlam|
o100

i 101620
pocl) L 101540
nput Diata "
|1 Computational Domain

Fluid Subdomains 101380

Boundary Conditions 101300
2 Goals 101220
B Drag 101140
B L 101060

esults

EE Mesh

e Cut Plats
& CutPlot1 ]
| ¥ CutPlotz 4
D aD-Profile Plots

> Surface Flots

- Surface Fiot |

0y Isosurfaces

& Flow Trajectories
=% Flow Trajectories 1
=T Flow Trajectories 2
| =B Flow Trajectories 3
Particle Studies T

BV Plats
Tz Poink Parameters 7

“Isometric
D

100980

SolidWorks | fie Edt Vew imert Tods Fowsindion Widow bep |- ¥ -fd-%- -8 7 - - O«
‘(’W\mrd % m @ @ m n & @ ﬁ

Fi Fi Fi
O vew ‘E Srinn ‘D‘ Simuiati. 'Q R“” |osdjunlozd | e |<;' smia.. B B st
Settings [

Clone Project @ =

"Psniiuﬁﬂﬂowmm|
qayvmE-J - -0

101700
101620
101540
101460
101380
101300
101220
101140
101060
100930

100900
Pressure [Pa]

T=<

Y

PN

Flsometric

jcliciarks Premium 2010

Examine the Results 171



Lesson 5: Analysis

2 Modify the Flow Trajectory
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Plot Assembly | Layout | Sketch 100980
) . 1mzan . 100900
Place your mouse pointer over 101620 bPese X| =
Pressure (Pa) in the Graphics 101540 Pressure ~
. 101460 Temperature
area as illustrated. - Densi
. . 101300 X-velocity :
Click Pressure (Pa). View the Y-velocity
101220 Z-velocity
_ Mach Nurb
drop-down menu. 04D Heat Transter Coeficiert
. . 101060 Shear Stress =
Click Velocity. et
. : 100800
Click the green check mark. :PrESfure Pa]
=
View the new Flow Trajectory
Plot.
ms»liqu[ks |j Fie Edt Ve Insert Toos FionSimuaton Window Help el | B-2-A--%-8 2--8%
\ Wizard % corf Eﬁ @ @ > % ﬁ @ @ % E?‘ §
Do | ol 3 o | o it |0 5 (o5
Clone Project  [@ sl N =) felt B.g . @SB .
Assembly | Layoul | Skeich | Evaluate | Office Producis | Flow simulation | _ Ej"”:

721033
64.8835
57.6831
50.4728
43.2624
36.052

28.8416
21632
14.4208
7.21038

1}
Welocity [rilefh]

FIsemetric

AU SE D ov- @R O

04l s v Model [ Wotion Study 1

Solidworks Premium 2010

Under Defined 7]

Editing Assembly

3 Hide all Flow Trajectories.
Right-click the Flow Trajectories folder.

Click Hide All.
Save the document.
Click Save from the Menu bar toolbar.

172

&y Isosurfaces
= B8 Flow Trajectories
== q
~SE Flow Insert...
- ZZ Flow g
=% Flow "
% low | jow Al
CSE PR T e and Hide Al
E @ Particle Sty
@ i Plats Delete Al
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Quantitative Results
@ D‘ % Q & ?@'. E ..:o
Note: Microsoft® Excel is needed @ &un Lﬁﬂigﬂ"“:ad. I o, ®

for the next section. £ . @&

flice Products | Flow Si
Goals
Generate goals plot

1 Create a Goals plot.
Click the Goals | & | tool

fI‘OIIl the Flow Select goals Goal filker;
Simulation tab. The = al v
Goals dialog box is
displayed.
Click the Add All button.
Click OK. o

2 Excel spr(gadsheet. |T“‘H:|
Microsoft™ Excel is thint

Add gl [ goae.st v

launched and a spreadsheet R
opens. Pay particular ok [ coeat J[ b |

attention to the first three
columns. They show the
name of the goal, the units (gram-force, in this case) and the value.

| B [ ¢ | D | E | F
Race Car.SLDASM [Default]

Goal Name Unit Value Averaged Value |[Minimum Value
Drag [p] -64.03263036 -63.894424163 -64.11390354
Lift [p] -26.29219783 -26. 28678051 -26. 44672946
lterations: 132

Analysis interval: 43
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Race Car.SLDASM [Initial Block (1)]

Goal Name Unit Value Averaged Value [Mini Value
Drag 1] -150.1185448 -150.1506867 -150.4329523
Lift 1] 2.023015116 8.630707817 5.051034856

Iterations: 120
Analysis interval: 43

| B [ 6 | Bl | E F
Race Car.SLDASM [Default]

Goal Name Unit Value Averaged Value [Mini Value
Drag [p] -64.03263036 -63.894424163 -64.11390354
Lift [p] -26.29219783 -26. 28678051 -26. 44672946
Iterations: 132

Analysis interval: 43

Note: Numbers may vary slightly.
The drag value for the new design is 64.03 grams-force. The drag value of the
original block was 150.11 grams-force.

Percentage Improvement

To find the percentage of improvement use this formula:

(InitialValue —FinalValu

e —
TnitialValue ) x 100= PercentageChange

For simplicity we will round to 2 decimal places. Substituting we get:

The changes yielded about a 57.34% improvement in drag!

What About Lift?

It is interesting to note that the Initial Block design had a upward lift force of
approximately 9.02 grams-force. The modified design has an downward lift force
of about 26.29 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.
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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

176

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.

More to Explore
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