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Lesson 1
Introduction

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

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

m Start a SolidWorks session

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

m  Add the folder Race Car Design Project Files 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 T R
Before you begin the F1 in Schools™ Design — .
Project you should review and complete the e
following SolidWorks tutorials that are integrated ks

in the SolidWorks software:

Special Types

m Lesson 1-Parts ) Getting Startea [SPEC)

m Lesson 2 - Assemblies jBu“dmgﬁMe's e

m Lesson 3 -Drawings — " [Enhancements
:::;:::g it Design Analysis

Click Help, Student Curriculum to access the . -
| All SolidWorks Tutorials

Race Car Design Project folder. Click Help,

Instructors Curriculum to access the Educator 30 Minute Lesson
Resources. AutoCAD and SolidWorks

Lesgon 1- Parts
Lessiin 2 - Assemblies

Lesson 3 - Drawings

2 Using This Book
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As an alternative, you can complete the following lessons from An Introduction to
Engineering Design With SolidWorks:

Lesson 1: Using the Interface

Lesson 2: Basic Functionality

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

Lesson 5: Drawing Basics

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

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

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

Note: Ifyou created the SolidWorks icon on your desktop, click the icon to
start a SolidWorks session.

Conventions Used in This Book
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2 Copy the Race Car Design Project folder. —
Click the SolidWorks Resources tab from the Task e
Pane. i '

1% Open 8 Dozumert

il Btudert Curricuim

Click the Student Curricullum folder as illustrated.

F hstructors Cunictiun
éﬂ | Tuorias

1% s hew
| L Gereral Informetion

Double-click the Race Car Design Project —— e
folder. @ o 4

o ol Design Libray
il k30
#ll GearsEducamonalsystms
&l soldworks-vex2
&l Fnal smpifed version
T Teuliux
+ @ 3D ContentCentral
12 0 snlvinrks Conrenr
41 0 mourng
# ' SpkWorks Educator Curriculum
" Vieldments

[/
EDU Curricuhanm
Introduction

¥,

Ancge Design
rrojecs

'
Race J’;ﬁ* Design

Project
Ctrl-click the Race Car Design Project folder. A Dewgn Chrary =
dialog box is displayed. a0 e a0
I 3 soldworks Contenk ~
= Bluchs

Ruuling

SulilvWorks Eduratur Caisiculy
EDU Curiculur Irtroduct

B-dge Desgn Project

= 002 Car Desicr Project

= COSMOS Student Guidss

5 wountair Loard Design Hro

T amaboti RN Degign Froe

I o Works Stdent Glde. >
< *

Haca Car Design
Prajacl

4 Before You Begin
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Tip:

Note:

Download the zip file.
Press the Ctrl key.

Browse For Folder

FPlease select a folder to download the ZIP file to:

Click the icon. You will be prompted for a

Lesson 1: Introduction

21X

folder in which to save the Zip file. ) Deskiog

My Documents
Ask your teacher where you should save the
zip file. Remember where you saved the & 2007
d 1 d d . fl () 2007FormulaRaceCar-backup
ownloaded zip file. @ £ 2008
[ 2008 Budget
) 2008 Curriculum

Open the zip file.

Browse to the folder where you saved the 22 2008 Goals v
zip file. K 2
Double-click the Race Car Design o ] ¥ Doorne

Project files.zip file. [ Make New Fotder | [_ox__ | [ cancel

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

Mle Actions VYiew Jobs Options llelp

o

B @ ® @ @9 ® o & ¢ B

Ivewr Open Favorilzs Add Exlracl Enciypl e CheckOul  Weaid  View Slyle

Name Type Modfied S..| R.  Packed | Fath =
W \Whee.SLDPRT SolidWorks Part Document  3/13/2008 4:48 PM 1. 2. 985236 RacaCarDe
" Race Car Dock.SLDPRT SolidWorks Part Document  3/14/2008 9:01 AM 2.. 6. B30611 RaceCerDe
B \vwhiee-A SLDPRT SulidWorks Parl Ducumment  3/15/2008 11:55AM 1., 2. 1,060,.. RadizCer De
Q& Hace ar docc-asLORR ] soldvworks Hart Document 31502008 11:5 AM L. 3. 35/ 18) Hacazr De
"B Race Car ASLDASH SolidWorks Assembly Doc...  3/15/2008 11:Z€ AM 5. 2. 412,020 RaczCaor De
R Axle-A.SLDPRT SolidWorks Part Document  3/17/2008 2:20 PM 2 P 53,001 o2 Car De
Q&Axle_SLL)FHI =olidvworks Hart Document 31502008 2:41 PM Sl 91,794 Hace CarbDe g
4 *

Extract all files.
Browse to the location where you want to save the files. The system

Extract

will automatically create a folder named Race Car Design

Project files in whatever location you specify.

For example, you might want to save it in the My Documents folder.

You now have a folder named Race Car Design Project files on your

hard drive. The data in this folder is used in this book.

Before You Begin
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Add the Folder to the Design Library Path

Note:

SolidWorks
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The SolidWorks Design Library is aconvenient way to access the partsused 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 Ti les folder to

the search path of the Design Library.

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

m Lang

m Race Car Design Project SolidWorks files

Open the Task Pane.
Click the Design Library || tab.

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

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

Click the Race Car Design Project
Files folder.

Click the Race Car Design Project
SolidWorks fTiles folder.

Click OK.

Results.

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

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

-

I Race Car Design Project SolidWorks

Lang

Files

@

Design Library i

< Trebuchet Design Project -
7 Wedments
Wl Design Lbrary
Wl 'ego
il GezrsEducatioralSystems
Wl saldveods-vex2
Wl Final smplfizc verson
ol Vax Starter Kt v

58l Race Car Design Project SoldWorks Fies
- B Toobox &
= @ 3D CortertCentra
-
~ @
Al Rzce Car Block
@ g
L
whesl Anchymk

Register

S0 DESIGN, FAF

wrw {lrmchooks coul  contactus®f ) rechooks ook +44[0§20 7344 8449

SolidWorks

now for SolidWorks™ 3D Design
TING ANE

1 SIULATICN BOFTWIRE

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

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

Describe important factors to the performance of a CO,-powered Race Car
Create the Race Car assembly from an existing model using the following
Feature and Sketch tools: Extruded Boss/Base, Extruded Cut, 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

Note:

Engineering Design and Technology Series

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.

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

Important Design Considerations
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About Balsa .. ‘' , Ecuador

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

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

harvest it.
Start SolidWorks and open an existing part S ——
1 Start the SolidWorks application. Getting Started e
Click All Programs, SolidWorks, SolidWorks ! 1[] Mew Document
from the Start menu. The SolidWorks graphics area ¥ Open a Documert
is displayed. S Making My First Part

ﬂ Making by First Dravwing
2 Open the Design Library. S Tutorials
Click the Design Library || tab from the Task

Pane.

.i/' General Information

BREEEE

o

Community

About Balsa 9
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Note:
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Open the Race Car Block.
Click the Race Car Design Project SolidWorks
Files 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.

Design Ly B
#oa  a
127 Trabucnet Dasign Project ]
< Weldmants
= ) Desian | kA

A en
- ¥ 2z e durannnalspetema
& soacvors vexd
1 Fralsnpiiod version
] iex St 1L v
G il Raue Car Design Prosel SuiWorks Fes]

-4 Tookox s
=i 30 CantentCanee
= o
Ak Ry Cor Bk
@ e
Wi Bligysy

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

either pane.

B © \-0-n-i

@SnlidWorks . File  Edit View Insert Tools Window Help QlD -E-EH-B8 2- -8 =%

% Race Car Block
: @ Sensors
@E Annotations
3= Baksa
% Front Plane
: \<§\ Top Plane
% might Plane
I_, Crigin
[+ @ EBalsa Block
# @ Screw Eve Slob
@ COZ Cartridge Hole
# Axle Hole Cut Qut
B () sketchs
B () Sketchs
- sketchy

[ sketchs

lawaf

BEehB et T Comvert " s
Dimension a- f;:h D _@ 5 A unes Enfities s "f; 5
z - ©@-0 - . . B
Features | Sketch [ Evaluate | Dimxpert | Office Producis | o
®[FlRI®] > QASHE o @R H-
(€ —

BREAEER

Salidorks Premium 2009

Editing Part [7] &

Start SolidWorks and open an existing part
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Note:

Review the created features and

sketches in the model.

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

The Balsa Block feature is displayed.

Double-click the Bal sa Block feature
in the FeatureManager. The feature is
displayed in blue in the graphics area
and Sketchl1 is displayed. View the
dimensions. If needed, press the z key to
fit the model to the graphics area.

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

Lesson 2: Designing the Race Car

STIRlel ~
(T

% Race Car Block
ﬁl Sensars
(e} il Annokations
§E Balsa
\<§\ Front Plane
Top Plane
Right Plane
I.. Qrigin
=] @ Balsa Block
77| Screw Eye Slot
=] COZ Cartridge Haole
- ([@] Axle Hole Cut ut
B () sketchs
EZ () sketche
B sketch?

&
&

emiglel »
h .

[ |A] Annotations
3= Balsa
%> Front Plane
%> Top Plane
% Right Plane
I.. Origin

=) @

crew Eve Slab

02 Cartridge Hole
xle Hole Cuk Qut

<) Sketchs

B sketchs £\

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
Hol e feature in the FeatureManager.
The feature is displayed in blue and
Sketch3 is displayed.

s EIR® ~
P

% Race Car Block
[#] sensars

[ il Annotations
3= Baksa
% Front Plane
% Top Plane
%> Right Plane
I.. Origin

= @ Balsa Block
= sketchi

tchz
Cartridge Hole

oz

SF[Ble] >
(T

% Race Car Block
'ﬁl Sensors

[+ .&I Annokations
3= Balsa
% Front Plane
% Top Plane
%> Right Plane
I.. Crigin

= @ Balsa Block

[ sketchi

= Screw Eve Slob

-} Sketchi
" Sketch?

& Ghatcha

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

Start SolidWorks and open an existing part

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

Drag the rollback bar downwards to a position

before (-)Sketchb5.

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

(-)Sketch5 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.

SolidWorks

Engineering Design and Technology Series

Splines are very useful for modeling free-form shapes, “body of the Race Car”

that are smooth.

(-)Sketch5 is not fully defined, because a spline is free-form and will vary by

the designer.

Dimension

@SnlldWorkslﬁle Edit View Insert Toos Window Help QlD Z-H-8 2--8 =

E & N-O-pn-E
Sketch  Smart O- g @ A
. - ©8:8 - #

D

Convert _
Entites |
- 3o

Features | Sketch | Evaluate | DimXpert | Office Products | - & %

b

Y (Edl =YD
&3

% Race Car Block
: @I Sensors

@ Annotations
3= Baksa
% Front Plane
%5 Top Plane
% Right Plane
I.. Qrigin

= @ Balsa Block
- ket

é @ Screw Eve Slok
B sketchz

= @ COZ Cartridge Hole
- Sketeha

E| @ Axle Hole Cub Out
- ket
2 () sketchs

7 () Shetch &

~

PP

QLA HE--F-6o- @ £-E-

SoldWorks Premium 2009

Editing Part [7] &

Start SolidWorks and open an existing part
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Drag the rollback bar downwards to a position below
Sketchs8.

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

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

= @ Balsa Block
[ Sketchi
= Screw Eye Slot
[ sketchz
= [@ coz cartridae Hale
[ sketcha
= Axle Hole Cut Out
[ sketchd
EZ () sketchs
EZ () sketchs
B sketch?

EZ sketchs &

Body. B o ~ 0 ~ =
1 Create the first Extruded Cut Feature. et O-2-8 - A
Right-click (-)Sketch5 from the == R
FeatureManager. e e [ BT
sFE® >

Click Edit Sketch from the Context

@SnlidWofks | File Edit View Insert Tools Wi

toolbar. The Sketch toolbar is displayed

i @
in the CommandManager. e AR

Boss/Baze Boss/Base

Click the Features tab from the

Extruded
Cut

CommandManager. The Features

Features | Sketch | Evaluate | Dimxpert | Office Products

toolbar is displayed.

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

Select Through All for the End
Condition in Direction 1.

Extruded Cut Feature

[0 Extrude

¥ K G

:-Erom ®
ESkBtCh Flane v/ |

[ pirection 1 a |

[ | [through an [ _ _

vl

||£‘L| Up To Body

| pirectionz

&« |

| 1hin Feature

&« |

|Selected Contours

i

|2 |

13
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Click the two surfaces as illustrated in the graphic area. Sketch5-
Region<1> and Sketch5-Region<2> are displayed in the Selected
Contours dialog box.

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

Click inside the graphics area. View the results.

WnlidWorkslﬂe Edit View Insert Tools Window Help 59[_, -+ B8 2-- 0%

" B Swept Cut

Features | Sketch | Evaluate | DimXpert | Office Products |

LT N

2 -'i}-% Race Car Block

(2] [Throuch sl v &

|

[CFlip side to cut

V| I

Draft outward

o

[ pirection 2

£

[ Thin Feature

Ed

SketchS-Region<1 =

_Picka sketch entity... Under Defined  Editing SketchS [2]

Note: Pin E the i _
Menu.bar |F“’E Edit View Insert Tools W"f‘d"““ﬂﬂ@m'ﬁ’"@'w)'liﬁvl
toolbar and
the Menu
bar menu to
obtain access to both menus in this book.

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

3 Create the second Extruded Cut

Lesson 2: Designing the Race Car

@SnlidWorkleﬂe Edit View Insert Tools Window Help Qleﬁ’vv R 2--H8x%

o @ Swept Boss/Base ) Swept Cut @ - @ Rib
Extruded Revalved & Lofted Boss/Base Extruded Hole Revolved m Lofted Cut et FI,';T__:::” @ Draft 2
Boss/Base Boss/Base Cut Wizard Cut

@ Boundary Boss/Base @ Boundary Cut - = a Shell
Features | Sketch | Evaluate | DimXpert | Office Products | = %

@IRl®l >
(7 '
% Race Car Block ~
@l Sensars

El Annokations

§E Balsa

% Front Plane

%5 Top Plane

; \<§\ Right Plame

= I.. Crigin

g @ Balsa Block

- sketcht

Screw Eyve Slot

- sketehz

g - 02 Cartridge Hole
K sketchs
E| Axle Hole Cut Qut

- sketchd

B () shetehe

[ sketchy

Q@ F o @R H-

|Gl 5] [C [ e

Solidworks Premium 2009

Editing Part 2]

Feature.

Right-click (-)Sketch6 from

the FeatureManager.

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

Click Right [ 8] view from the

Heads-up View toolbar. The Right

view is displayed.

Extruded Cut Feature

B 12 =
ad
“|Feature (Sketche)

Raoll to Previous

Comment

Rotates and zooms the model to the right
wigw orientation,

15
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Note:

16

Press the z key to Zoom out. Press the Z
key to Zoom in. Press thef key to fit the
model to Graphics area.

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

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

Through Al 'l is selected for End
Condition in Direction 1 and
Direction 2.

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

Click OK [#] from the Extrude
PropertyManager. Extrude2 is
displayed.

Click Save [k from the Menu bar
toolbar.

SolidWorks

Engineering Design and Technology Series

—. i Swept BossBase = 3

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

Sketch Flane v

@ Through Al L
”

Flip side to cut
3

Draft outward

Through Al »

Extruded Cut Feature
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4

Note:

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

Right-click Sketch7 from the
FeatureManager.

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

Click Back |#| view from the Heads-up
View toolbar.

Click Hidden Lines Visible [3] from the
Heads-up View toolbar.

View the dimensions of the sketch.

Sketch7 is the sketch for the

Lesson 2: Designing the Race Car

Feature (Sketch?)

Rall to Previous

Comment

Ao ¥ m @'f@'i?.r'

=1

Hidden Lines Yisible

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

CO, cartridge hole.

R14

RS

PR A ——

21.50

Extruded Cut Feature

17
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Note:

18

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

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

Click Through All for End
Condition in Direction 1 and
Direction 2.

Check the Flip side to cut box.

View the direction of the Extrude
feature arrows.

SolidWorks

Engineering Design and Technology Series

Bl o N0 -~-
slsemn; Dinsﬂﬁ';ton a-2-0-

= 2.0 -

Fea%res | Sketch | Evaluate | Dim
e 1

Extruded Revolved fted B 5 Extruded
Boss/Base Boss/Base Cut

Features | Sketch | Evaluate | DimXpert | Office Prdf

Direction 1

b3

|7.{| [Through all _!_.
1 |
Iip side ko cut

|E| [__lChange the side to.be cuk

i Direction 2 ¥ |
iD Thin Feature ¥ |
| 1
|§elected Contours ¥ | b

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

Click OK from the
Extrude
PropertyManager.
Extrude3 is displayed.

Click Shaded With

Edges from the

Heads-up View toolbar.
5 Savethe model.

Click Save [id]

@SnlidWorks I File Edit View Insert Tools Window Help Qll:'l -F-EH-8 2-- 8 %

elFIRI® >
(F )

QE Race Car Block

= @ Sensars
@ El Annokations

: §E Balsa

% Front Plane

: \<§\ Top Plane

&y Right Plane

; I.. Qrigin

[+ @ Balsa Block

=] Screw Eye Slot
- sketehz

= [@) coz Cartridae Hole
K sketchs

=] Axle Hole Cut Out
 sketchd

[ sketchs
- {[@] Extrudel

*lsometric

=5 '\% Swept Boss/Base = Swept Cut @ HH @ Rib
Extruded Revolved ﬂ Lofted Boss/Base Extruded Hole Revolved m Lofted Cut et I!‘-;Errn @ Draft »
Boss/Base Boss/Base Cut ‘Wizard Cut
| Boundary Boss/Base ) Boundary Cut = - @ Shell
Features | Sketch | Evaluate | Dimipert | Office Products | a2 %

@M@ Do @R 8-

00 11| Model [Wotion Study1 ]

Solid_Works Premium 2009

]

Editing Part

Extruded Cut Feature
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Create the Front Wing

20

1 Create a MidPlane Extruded Boss Feature.
Right-click Sketch8 from the FeatureManager.
Sketch8 is the Sketch for the front wing of the car.

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

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

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

View the sketch dimensions.

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

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

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

Select Mid Plane for End Condition in
Direction 1.

Enter 50.00mm for Depth.

SolidWorks

Engineering Design and Technology Series

arbridne Haols

P 1 e
Sl&a g
4_[Edit Sketch]

i —
Feature {Sketch8)

Rall to Previou

Comrment

8

g SolidWorks || Fie Edt

Extruded Revolved
Boss/Baze Boss/Base T

Feaires | Sketch f Evaluate i I}

|5ketch Flane b

Direction 1 A]

Mid Plane ———Jppr

1
o |E0.00mm <4—|=
==  — &

Merge resit
®

Craft outward

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

Click OK [¢] from the
Extrude
PropertyManager.
Extrude4 is displayed.

Click inside the graphics
area.

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

the created features.

Lesson 2: Designing the Race Car

.Wﬂliﬂ_wﬂlkslﬁe Edit View Insert Tooks Window Help Ql[] -2-H-8 2--8

5

Boss/Base Boss/Base

@ Swept Boss/Base
Extruded Revolved a Lofted Boss/Base
) Boundary Boss/Base

— Swept Cut @
oo Fillet Li
| Extruded Hole Revolved m Lofted Cut
Cut Wizard Cut
@ Boundary Cut =

R

near
o Wy oraft »

. (B shel

Features | Sketch | Evaluate | Dimxpert | Office Products |

;% FlElel >
v )

% Race Car Block
i -- Sensars
@@l Annotations
3= Baka
% Front Plane
% Top Plane
% Right Plane
= I.. Crigin
& @ Balsa Elock
5@ Screw Eyve Slot
- sketehz
é @ COZ Cartridge Hole
B sketchs
5@ Axle Hole Cub Out
- sketehd
m@ Extrudel
rﬂ @ ExtrudeZ
@ Extrude3

@gg Extruded

Q@ @ o @R 8-

- 8 %

ik fat

al )

Create the Front Wing
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3 Save the model.

Click Save from the Menu bar toolbar.

Create the Rear Wing

22

1 Create a Sketch.

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

Right-click Right Plane from the
FeatureManager.

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-28-K-J%-9-K])8 =-

wept Cut
fted Cut

bundary Cut

Fill

Save (Ctrl+S)
Saves the active document.

- o Rb @l wrap

Linear :
ome

irrar

S EE® »
7 ~
% Race Car Block

£ [A] Annatations

= |E| St

| #] Sensors

Seckion Yiew

\.:41%(‘ WE-@D-oo-© B-E-

Zoom to Area
Zooms to the area you select with a
bounding bo.

Sketches a line.

Coincident /

2 @ O &

-|.§ §ele_ct

Sketch E%.ti.!i_es_

[ | Corner Rectangle

Create the Rear Wing
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3 Apply the Sketch Fillet tool.

: : -~-3) D
Click the Sketch Fillet | 3)] tool from the Sketch toolbar. Ll | T s
The Sketch Fi l let PropertyManager is displayed. IT—W%* ..

_ e T | Sketch Fillet <—E
Enter 2mm for Radius. [ ™ stetch charier |
ST Rle] |
4 3( ) .
Filet Parameters A
A 'z.pomm |-
k..--- onstrained

Click the left endpoint of the horizontal
line.

Click the right endpoint of the
horizontal line.

Click OK [¢] from the Sketch
Fillet PropertyManager.

4 Dimension the Rear Wing. e

) _ _ 2 IN-@-
Click the Smart Dimension ‘sfé“éq Dirsnrg:ﬁi Gl
tool from the Sketch toolbar. The . - - O

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.

——

-t
/

J_—S
T

Create the Rear Wing 23
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Click the illustrated edge and point.
Click a position to the right.
Enter the 8mm dimension. { e

R2—— < %%T

/T
J_—S
‘l

- §+ +

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

24 Create the Rear Wing
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Click the illustrated two edges.

Enter the 6mm dimension.

Click a position above and to the /lﬂ—é—
L3

right. = 3 4 L
Sketch is fully defined and is R2 A L
displayed in black. 3
Note: Ifneeded, clickthe Reverse the
sense of dimension icon in the 18
Modify dialog box. s
}
s
2 +) *
R2 L,
Click OK from the s@ Revolved Boss/Base
Dimension Reverse the sense of the dimension. EXtrUdEU
PropertyManager. e
VI X azle Features [SKeich | Evaluate [ D

5 Create an Extruded Boss
Feature.
Click the Features tab from the CommandManager. The
Features toolbar is displayed.

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

Click Isometric view from the Heads-up View
toolbar.

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

Enter 50mm for Depth.

Click OK from the Extrude PropertyManager.
Extrudeb5 is displayed.

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

Click inside the graphics area. View the results.

Create the Rear Wing

From A
SI.<etc.h F;I;ane v
f.Dirtal:lzion 1 2|
Mid Flane ! |
o | 50.00mm <+ £
Merge k.
&)

E D Thin Feature

| &

“

E Selected Contours
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Bl SolidWorks jj Fle Edt Vew insert Took indow Help Qll:] -F-EH-8 2-- 0 %
&

= . (5 sweptB Ly — [ sweptcut i Rib
& \g nept Boss/Base @ = wept Cu a Liﬁ;;r @ i
Extruded Revolved & Lofted Boss/Base Extruded Hole Revolved m Lofted Cut Bt % Draft »
Boss/Base Boss/Base Cut ‘Wizard Cut
@ Boundary Boss/Base @ Boundary Cut o - a Shell
Features | Sketch | Evaluate | DimXpert | Office Products | - A %
S Elelel QANAE Do @B F-
(T )
% Race Car Block
2 |\§| Sensors
- [‘A—I Annotations
3= Baksa

i \<§\ Front Plane

% Top Plane

% might Plane

i I_, Crigin

=+ @ Balsa Block

& @ Screw Eve Slot
'§| @ COZ Cartridge Hole
& Axle Hole Cut Qut
[{:J-@ Extrudel

& @ Extrude2

'§| @ Extrude3

@-@ Extruded

_rg-@ ExtrudeS

*lsometric

WY Mode! [ Wofion Study 1]
Salidvarks Premium 2009 Editing Part (7]

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

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

Note: Press the g key to activate the Magnifying
glass tool. Use the Magnifying glass tool
to inspect a model and make selections
without changing the overall view of the
model.
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SolidWorks Lesson 2: Designing the Race Car
Engineering Design and Technology Series

Insert Fillets —

1 Insert a Fillet Feature. R
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.

[ tanual | Filletpert |
[Filet Type: _

/@ Constant radius

() Yariable radius

Click Hidden Lines Removed from the Heads-up

View toolbar. ;J Face filet

() Full round filet
Click the Fillet |#|tool from the Features toolbar. The Frm— =
Fillet PropertyManager is displayed. [ >\ [5.00mm E
Click the Manual tab in the Fi 1 et PropertyManager. P Fige<its =
Check the Constant radius Fillet Type box. Edge<15> '

Enter 3mm for Radius. Pl it

Click the 8 edges on the top right of the car. The selected [ Tangent
edges are displayed in the 1tems To Fi llet box. i el

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.

@Snlidkas | Fle Edit View Insert Todls Window Help ;,QL | 2 - - %

>

Features | Sketch | Evaluate | DimXpert | Office Products |

HER NS - QoS W@ o
e =

ﬁEE: % Race Car Block
¥ R

Manual Fillet¥pert ‘
Tillak Type AN
| (5) Constant radius

() Variable radius

() Face Fillet :|
1

) Full raund Fillet i

EDEEEEE

[ Ttems To Fillet A
A [ 2.00mm |

@ ‘Edge<15> A-.
|Edge <163 -

Multiple radius
DFlHet
‘_“_“Tangsnt o
[RIS1 5151 Model [Wolion Study1 ]|
Select a callout to modify parameters Total Length: 457.89mm Editing Part E[ @
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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
e the two back
curved edges
or the two back
straight edges.

Click OK |«] from the Fi 1 let PropertyManager. View the Fi l letl feature in
the FeatureManager.

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

2 Insert a second Fillet Feature. Fillet the Cockpit

Area. Fille

Click the Fillet tool from the Features toolbar. The R

Fillet PropertyManager is displayed. |y Manual | Filetxpert |
/| Fillet Type A

Click the Manual tab in the Fi I et PropertyManager.
Constant radius Fillet type is selected by default.

(®) Constant radius
() wariable radius

Enter 12mm for Radius. (O Face fllet

() Full round filet

| Items To Fillet A

?\]" e
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Click the illustrated back edge.
Edgel is displayed in the 1tems
To Fillet box.

Click OK [¢] from the Fil let

PropertyManager. View the
Fillet2 feature in the
FeatureManager.

3 Save the model.

Click Save [l | from the Menu bar toolbar. o an ' '
4 Create a Variable Fillet. T
Rotate the model using the middle mouse button to i F-M??- —
view the back curved edges with the middle mouse T _
() Constant radius
button. %Variable radius
(¥Face filet:

Cl_ick the Fillet tool from thfe Features toolbar. The E G
Fillet PropertyManager is displayed.

&

i._Items To Fillet

Click the Manual tab in the Fi I let PropertyManager. | :
Constant radius Fil let Type is selected by adale Badius
default. -

Check the Variable radius box for Fillet Type.

&£ |

&

| Setback Parameters

&«

| Fillet Options

Insert Fillets 29
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Click the two curved

edges.

Click and drag the
Variable radius boxes
off the model.

Wariable radius:

Wariable radius:

Click inside the top left
Unassigned box.

Enter 15mm.

Click inside the topright
Unassigned box.

[Variabls ractus: [1mm
Enter 15mm.

f
ariakle radius: '

ick insi ¢ || e e o
Click inside the bottom . Variable radis: |5

left Unassigned box.

Wariahle radius: t
A

Enter 5mm.

Click inside the bottom
right Unassigned box.

Enter 5mm.
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Click OK |« | from the Fi I l et PropertyManager. View the
VarFilletl feature in the FeatureManager.

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

Click Shaded from the Heads-up View toolbar.

5 Savethe model.
Click Save (ld| from the Menu bar toolbar.

View the model.

Lesson 2: Designing the Race Car

¥ R

farial Filetxpert

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

Ttems To Fillet
u g Edge< 1>

&
1

Tangent
propagation

() Full presview
() Partial preview

(@) No preview

»

Variable Radius
Parameters

A 12.00mm |
0 [vi, smm ~
w2, 15mm )
Set Unassigned
Set All

¥ s

>

il
I

(®) sSmooth transition
() Straight transition

Setback Parameters ¥

S i
T y
% Race Car Block Ead
- @ Sensors
& [‘A—I Annokations
3= Balsa
&y Front Plane
- @ Top Plane
&y Right Plane
I_. Crigin
rq@ Eialsa Block
[+ @ Screw Eye Slot
[ @ COF Cartridge Hole
- @ Axle Hole Cut Qut
rq@ Extrudel
[+ @ Extrudez
[ @ Extrude3
@@ Extruded
rq@ ExtrudeS
) Fillet1
7] Filletz

| Pivarfilett Y] “lsometric

GDSolidWorks | Fie Edt Vew Inrt Toos Window Hep & [0 8 K. 82 -8x
i (3 Swept Boss/Base ) ® Swept Cut & dire
) ; ] 3
Extruded Revolved .Jj. Lofted Boss/Base Extruded Hole Revolved m Lofted Cut 2= F‘L:{E:rrn Q Draft »
BossfBase Boss/Base Cut Wizard Cut
@ Boundary Boss/Base @ Boundary Cut 5 = a Shell
Features | Sketch | Evaluate | Dimxpert | Office Products | - B X

AW E-F-oo-@B-H-

B EEEEER

L1 | Model [ Tiofion SuayT ]

Solidworks Premiumn 2009

Editing Part
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Create an Assembly

. Dhg-H-%-9-[K]-8
Create an assembly with the Race Car Block. ;E%;w |
Insert the Wheels and Axles. BB | Make Drawing from Part Asserbly
% Make Assembly from Part/Assembly

1 Create an assembly. 7 ————m s
Click the Make Assembly from Part/Assembly QG M
tool from the Menu bar toolbar. Begin Assembly

v % =
Click OK to accept the default Assembly S >
template. The Begin Assembly o
PropertyManager is displayed. E’;‘;g t"-‘ssemb'\" to &
The Race Car Block part file is listed in the  open docurmerts:
Open documents box. :
2 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.

3 Deactivate the Planes. Thumbnail Preview
If needed, click View, un-check Planes from the — =
Menu bar menu. : C)I:);Itoar:tS command when

creating new assembly
[]@raphics preview
Note: The initial component added to the assembly is —
fixed by default. A fixed component cannot be ?.W 52 2
mOVed unleSS you ﬂoat lt @ assemnl (Defaulk<Display State-1]
[#] sensars

4 Set Isometric view with Hidden Lines 1 [A] Annctatiors
Rem OVed . % :ron;lPIane
Click Isometric [@] from the Heads-up View L
toolbar. L, orign

[ % ({F) Race Car Block<1 >
Click Hidden Lines Removed from the 00 e
Heads-up View toolbar. O3 4@@ -9 - [§]-|8 &
5 Save the assembly. a IN\Ne ® =
eatures  Geonf gave ¥ : =g
Click Save |ld| from the Menu bar menu. - |
Save the assembly under the name Race Car in
the downloaded folder.
Note: Ifneeded, click View, un-check All Annotations.

32
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6

7

Insert the Axles.
Click and drag the Axle part from the Design Library window.

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

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

Click Cancel from the Insert Components PropertyManager. View the
FeatureManager.

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

@SulidWo{ks || File Edit View Insert Tools Window Help ,y||'_] - . -8 2-- 0%
e 44 & B %@ 7] i

B 4
Insert Linear e, Move Assembly Reference 3
Mate Smart Show | New Bill of =
Components Compon... Fasiers Component Fidden Features Geometry Mitian | i
- - - Components - - Study

Assembly | Layout | Sketch | Evaluate | Office Producls | - A%

e » LAYHE-D-o-@L8-B-
e s

@ Race Car (Defaul<Display Sl
[ Sensors
) [A] Annotations
\<§>\ Front Plane
Q Top Plane
\<§>\ Right Plane
1, origin
& (F) Race Car Block<1> 4
& % (-) Axle<1> ‘:J
5 () Adde<2s
[ mates

CREEDES

£ ¥
] Moded [ Motion Study 1T
Salidarks Premium 2003 Under Defined  Editing Assembly E[ (3

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

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

Insert the other three Wheels.
Insert the second Wheel near the right front of the car; Whee l<2>.

Insert the third Wheel near the left rear of the car; Whee 1<3>.
Insert the fourth Wheel near the left front of the car; Whee 1<4>.
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Click Cancel from the Insert Components PropertyManager. View the
updated FeatureManager.

@SnlidWofks || File Edit Wiew Insert Tools Window Help Q‘ID - Lj}‘v H - ! 7 - - O &%

* bk = i
‘_-% % (33 @ © é’@ ¥ o F
Insert Mate Linear Smart Mave Show Assembly Reference Mew Bil of oS
. Components Compon... i Component Hidden Features Geometry Mation: | Materals
= - - Components - = Study
Assembly | Layout | Sketch | Evaluate | Office Producis | 5 =
- 5 ®
G . AN - Do @B-H-
P Race Car (Default<Display i il
ﬁl Sensars ﬁ
= @ Annotations 'D
\<>\ Front Plane ,’"@—
\<§ Top Plane '........
Q Right Plane | E
Origin |
[ % ) gRace Car Block<1 > I e
[k [
]

= () Ade <1
3-8 () Ade <z
T8 () Wheel<1>
-9 () Whesl<2>
= % (-1 Wheel<3>
- T% () Wheel<4>

@[m IMates
AL 0]]_Model [ Wotion Study 1]
Solidorks Premium 2003 Under Defined  Editing Assembly (7] &)

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

Save the model.
Click Save [l | from the Menu bar toolbar.
Click Yes to rebuild the model.

Apply the Rotate Component tool.
Rotate the two Wheels located on the left side of the e T

W (-) Wheel< 1>
model. 1B () Wheel<2=
Click the Assembly tab from the SO
CommandManager. ) Mates
Click Whee 1<3> from the FeatureManager. This is T & "

ey :
the rear left wheel. | o ST
‘omponent Hidd. . Feat'ures
Click the Rotate Component || tool from the 5 bve Comporent 1 |
Assembly toolbar. The Rotate Component S Rotate Component
PropertyManager is displayed. \

Create an Assembly
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Rotate Whee 1<3> as illustrated.

. W Eace Car {Default<Display 5. |
Click Whee 1<4> from the fly-out FeatureManager. (2] sensors.
This is the front left wheel. T <%>I :rnon:tt:f:nf
Rotate Wheel <4> as illustrated. g ;iogphtm;:.:e
I—» Crigin
Click OK [+| from the Rotate Component i %tf) Race Car Blork<1>
+ -1 Axlel
PropertyManager. +§ E; e
12 Rebuild the model. .
Click Rebuild E from the Menu bar. e
Makes

Create an Assembly 35
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Insert Mates

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

There are three types of mates; Standard Mates,

Mate

Advanced Mates and Mechanical Mates. > x
Standard Mates e
m Coincident E : |
| Mate Selections A
m Parallel =
m Perpendicular =1
m Tangent — .
. Standard Mates A

m  Concentric [ -
= Lock |\%| Parallel
= Distance | mE
" Ang le |§ | Tangent
Advanced Mates (©)] concentic
m  Symmetric |tk
= Width )
m Path Mate ey el
m Linear/Linear Coupler
m Distance/Angle Limit
You can select many different types of geometry to create S -
a mate: |E| Symmetric
m Faces (195w
m Planes |E| Path Mate
- Edges |g| Linear/Linear Coupler
m  Vertices il
m  Sketch lines and points Iél
m  Axes and Origins -

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

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

1 Mate the Axles to the body.

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

Click the Mate tool from the
Assembly toolbar. The Mate
PropertyManager is displayed.
Zoom and/or rotate the view to make

it easier to select the faces or edges
you want to mate.

Expand the fly-out Race Car

FeatureManager in the graphics area.

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

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

The selected

Lesson 2: Designing the Race Car

=
Insert
Components

it & £
Linear ik Move
Cotn... Fasteners ©OM pvon ent|

Assembly [Tayout | Skffch [ Evaluate

-9

+

+ % ({Fy Race Car Block<1>=
!ﬁl Sensors = % g-) Axle<l=
!il Annotations ﬁl Sensors
\<>\ Front Plane 4 iA_I Annotations
£ % Top Plane %E 2024 Alloy

\<> Right: Plane
Crigin
% (f) Race Car Black<1>
&I Sensors
+-[A] Annatations
§E Balsa
\<> Front Plane
:<>\ Top Plane

s Ori.k
-+ Da Balsa Block

\<> Front Plane
<> Top Plane

2 Right Plane
I—» Or%w

H @ Extrudel
B () Ade<z>

B () whesl<1>

LOINCIGder

¥ R 9

% Mates éa Analysis
Mate Selections £

@ | Riﬁht Pl.ane@Race i

|(§I Il light Plane@ix=-1a}

planes are
displayed in the
Mate
Selections
box.

Click Add/Finish

Mate |+ ] to accept
the mate.

Insert Mates

37



Lesson 2: Designing the Race Car

2

Note:

38

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

Drag Axle<1> as
illustrated.

Click the inside cylindrical
face of the rear hole.

Click the cylindrical
outside face of Axle<1>.

Concentric mate is selected
by default.

Click Add/Finish Mate
to accept the mate.

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

Zoom to Area tool, the
middle mouse button, and
the f and z keys.

SolidWorks

Engineering Design and Technology Series

)

=

] |

| Mate Selections "

& MFace<i>@Race Cor Blocl

-1

2

Insert Mates
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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
FeatureManager.

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

Coincident mate is selected by
default.

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

Insert Mates

Lesson 2: Designing the Race Car

% Race Car (Default<Display 5..
ILS_‘I Sensors
+-[A] Annatations
\<> Front Plane
\<> Top Plane
\<> Right Plane
I—» Crigin
+ i§| Mates in Race Car
i_"ﬁl Sensars
+-[A] Annatations
§E Balsa
\<> Front Plane
:<>\ Top Plane

Q
I—» O%n

4] @ Balsa Elock.

) Filet2

@) varFilet1
e

=8 () Ade<z>
i_ﬁl Sensors
+ E Annokations
3= 2024 alloy
\<> Front Plane
:<>\ Top Plane

@
L Orit;l}\
+ @ Extrudel
B () whesl<1>

R 9

=

i Mate Selections ]

| & [P [Rioht Plane@Race Car Bl
@Rad|

< d,l’F\nish Mat=
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4

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

Drag Axle<2> as illustrated.

Click the inside cylindrical face
of the front hole.

Click the cylindrical outside
face of Axle<2>.

Concentric mate is selected by
default.

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

In the next section mate the
Wheels with the Axles.

SolidWorks

Engineering Design and Technology Series

=

)

i Mate Selections £

B [Facezoonie
race i

| (@2 Face Car Bloch
183 | |

Insert Mates
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1

Note:

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

Click the cylindrical outside face of
Axle<2>,

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

Concentric is selected by default.

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

Position the model to view the correct
sketch entity.

Insert Mates
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S A
-
Extrudel of Axle<2>

Extrudel of Whesl<Z:= |

LONC

R 9

=

| Mate Selections
@ I EFace “2x@Axle-2

] |

x

ace <4 =@Wheel-2

AddiFinish Mate
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2 Create A Distance Mate.
Create a Distance mate between the outside end
face ofthe frontright Axle<2> and the outside
face of the front right Whee 1<2>.

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

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

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

Click the Distance Mate || tool.

Enter 7mm.

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

3 Mate the three remaining Wheels to the
Front and Rear Axles.
Repeat the above procedures to create
Concentric mates between the Axles and the
Wheels.

Create Distance mates between the outside end

SolidWorks

Engineering Design and Technology Series

N

Extrudel of Axle<Z=

evolvel of Wheel<lx

face of the Axles and the outside face of the Wheels.

Click OK from the Mate PropertyManager.

4  View the Created Mates.

= @ Mates
EXpand the Ma‘tes fOIder from the ﬂ( Coincidentl (Axle <1, Right Plane)
FeatureManager. (O Concentricl (Race Car Block=13>, Axle<1>)

View the created mates.

i A CoincidentZ (Race Car Block<1 =, Axle<2>)
© ConcentricZ (Race Car Block<1 =, Axle<Z=)
@ Concentricd (Axle <2 =, Wheel<2=)
H Distancel {Axle<2 =, Wheel<2>)
5 @ Concentricd (Axle<1 =, Wheel<1 =}
H Distancez (Axle<1 =, Wheel<1>}
@ Concentrics (Axle <2 =, Wheel<4:)
H Distance3 (Axle <2 =, Wheel<4>)
i @ Concentrict (Axle <l =, Wheel<3=)
H Distanced (Axle<1 >, Wheel<3=)

Insert Mates
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@SnlidWoIks.He Edit View Insert Tools Window Help Qtavﬁvﬁvﬁvmv 2~ - 080X

e br : Iy = w : .
133 i 4 3
nee % Linear g ove @ Azzembly Refer\ence @ ﬁ -

Insert M 2 5 ;
Mate Smart Show New Bill of Exploded E g
. Components Compon... Sy Component Hidden Features Geometry Mibac | it View
- - - Components - - Study z
Assembly | Layout | Sketch | Evaluate | Office Products | O ST EB Db @ B E- _ A%
Blerle] >
- .

]
: @I Sensors
@ Annotations
H @ Lights, Cameras and Scene
- 5 Front Plane
&5 Top Plane
&y Right Plane
;.. Origin
=] % (F) Race Car Block<1>
T () Axdext =
w0 T () Adde <2
8 () Wheel<1>
& () Wheel<2>
& & () Wheel<3=
8y () Wheel <4
a@@ Mates e
J< Coincidentl (Axle<1>,Right Plane
i @ Concentricl {Race Car Block<1=,
J< Coincident2 (Race Car Block=<1>,§ I
@ Concentricz (Race Car Block<12,/ I
: @ Concentricd (Axle <2 =, Wheel <2 > i
- f| istancel (axle<z=, Wheel<23) ¥
|

PO

A > *Isometric
4| | Model [ Motion Study 1
SalidWarks Premium 2009 Under Defined  Editing Assembly @ &

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

Insert Mates
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Note:

Note:
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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 = 54.9839 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 Axlepart using 2024
Alloy is .9896 grams. If the Axle part

SolidWorks

Engineering Design and Technology Series

Gt q
H W 8 B
Interference  Clearance Haole Measure Mass Section
Detection  Verification Alignment Properties Properties

Assembly | Layout | Sketch | Eval te Office Products
Sl L e i

Units
[ 5cientific Motation

C) Use document settings

%Use custorm settings
Length:

Decimal places:
Millimeters b a

-
b

£l Mass Pro perties

Print... H Copy H Close ” options... H Recalculate I

Output coordingte system: | -- default - w
Race Car SLDASM
Selected items:

Include hidden bodies/components
Show output coordinate system in corner of window
I:l Assigned mass properties
Mass propetties of ﬁace Car { Assembly Configuration - DeFauit ] ~
Cutput coordingte System: - defaulk --
Mass = 54.9339 grams
Wolumne = 200509,4509 cubic millimeters
Surfare arsa = 61452, 0488 milimeters~2
Center of mass: { milimeters )
¥ =0.0006
¥=11.9619
Z=199.5052
Principal axes of inertia and principal moments of inertia: { grams * square mill
Taken at the center of mass,
Txx = (0,0000, -0.0358, 0.9994)

Ty = (1,000, -0,0000, -0.0000)
Iz = (0.0000, 0.9994, 0.0358)

Px = 28332.017¢
Py = 206294, 11
Pz = 225129.68¢

Maments of inertia: { grams * square milimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxx = 206294.1135 Lxy =-0.1106 Lxz = 0,8557

Lyz = -7042.642

Lzz = 28554,370

Lyx = -0.1106
Lzx = 0.8557

Lyy = 224877.3312
Lzy = -7042.6420

Maments 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. This is explored in the Analysis section of the book.

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 od T 8 @B I
. Interference  Clearance Hole  Measure  Mass Section
Whel’l you are ﬁnlshed al’ld ready to Detection  Verification Alignment Properties Properties|

Note:

race, your car can’t exceed 210mm in Assembly | Layout | Skefch | Evaluate m
length and the Wheels have a
minimum of 26mm and a maximum
of 34mm. Apply the Measure tool to obtain these measurements of the Race
Car assembly.

Measure the Overall Length of the Car.

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

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

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

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

Distance: 211.21mm
Delta X: 8.58mm
Deltay: 20.91mm

Delta Z: 210.00mm
Tokal Length: 52, 76mm /

Center Dist. [EyRIvATul]

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

Calculate the Overall Length of the Race Car 45
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2 Measure the Wheel<2> diameter.
Right-click inside of the Selection box.

Click Clear Selections.

Click the diameter of the front Wheel<2>.
The diameter of Whee 1<2> is 32mm.

Note: Remember your wheels need to be between

26mm and 34mm in diameter.

SolidWorks

Engineering Design and Technology Series

| Clear Selections

_DgDeIete

Edge<2=@F

Distance: 21
Delta ¥: 8.5¢
Delta ¥ 20.% o
Delta 2: 210.00mm

Customize Menu

SSolidWorks || Fe et vew mnsert Tods widow Hep @[ (F-ld-% -9 k-

BTt 3

a8

Measure

E &
Mass Section
Properties Properties

&F W
Interference  Clearance Hole
Detection  Verification Alignment

Sensor  AssemblyXpert | Curvature | SimulationXpress FloXpress

=

Analysic Wizard  Analysis
Wizard

assembly | Layout | Sketch | Evaluate | Office Products

I
m
¥

»

@ Race Car (Default<Display 5

o @ Sensors

e E] Annokations

lg @ Lights, Cameras and Scer
j Q Fronkt Plane

: %} Taop Flane

: ‘<>\ Right Plane

Length: 100,53mm
Diameter: 32mm

: ;., Crrigin

(=6 Q& (F) Race Car Block<1=
#- () Aot

% () Aoz

G () whesl<1z

[ % {-) Whesl<2>

-5 () Wheel<3>

+- N8y (-] Wheel <4

Iﬂ @@ Mates

waf

“|Revobeel of Whesl<2:>
—

Diameter:
Ceniter:

AEEEEEE

35mm 1 0mm 1 70mm

Changes the visibility of items in the graphics area.

Under Defined  Editing Assembly 7]
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3 Measure the center distance between the
two Wheel hubs.
Right-click inside of the Selection box.

Click Clear Selections.

Click the front hub face of front Whee l<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.

Lesson 2: Designing the Race Car

%efr Selections
— — D |
Distance
Delta X
Delta ¥ Lo -

v

Customize Menu

[l SolidWorks  Fle Edt View Insert Tools Window Help ‘ O-2-B-2-9-- 2--0O%
2 W | 8| B =
Interference  Clearance Hole Measure Mass Section  Sensor AssemblyXpert | Curvature | SimulationXpress FloXpress »
Detection  Verification Alignment Properties Properties Analysis Wizard  Analysis
Wizard
Assembly | Layout | Sketch | Evaluate | Office Products | & x
@ ﬁ Eﬁ? » Measure - Race Car Bl - @ & - BEi-
= |
T @
@ Race Car {Default<Display 5
3] Sensors 'ﬂ
 [A] Annatations “3
el Distance: 135.50mm !
1+ |s%] Lights, Cameras and Scer, Delta #: 11.65mm |@
- Front Plane Delka ¥: 0,00mm e
% Top Flane Delta Z: 135.00mm
£ Right Plane | e
I_, Origin I
&

=) % (F) Race Car Block<1>
# E& (-] Axle<1z

aauf

= % () Aoz
= WG (-) Wheel<1>

=5 () Wheel2x
& Ty () Wheel <3
% () Wheel<4>

Changes the wisibility of itgmg in thg_graphic_s_areﬁ.

& [ Mates
v
ZC—I
[ | 3] *Right
(8] Model [ Motion Study 1
Unider Dgﬁned Editing Assembly E_‘
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Create an Exploded view

Note:

Note:
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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 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/yellow Triad arrow to the right.

| Explode Steps ¥

Settings &

®

@ |

o | 20.00mm

[ Apply ] I Cone ]

| Options "

Autc-space
components after
drag
- i
s S

Select sub-assembly's
parts

Revse Sub-assembly
Explode

[BlTiRe— |

IFations

=] @ Race Car Configuration(s;

)ﬁ ﬁ Advanced Select

- "ﬁ;@g;aaaea'mew.

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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Crag to edit the explode distance

2 Create Explode Step2.
Click the left front Whee 1<4> of the model. A Triad is displayed.

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

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

Click and drag the red/yellow 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.

Create an Exploded view 49
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4 Create Explode Step4.

Click the left back Whee 1<3> of the model. A Triad is displayed.

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

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

5 Create Explode Step5.
Click the front Axle<2> of the model. A Triad is
displayed.

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

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

displayed.
Click and drag the red/yellow Triad arrow to the right.

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

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

I Step
% wheel-2
= .ﬂ Explode Stepz
% Wheel-4
= .ﬂ Explode Step3
% Wheel-1
= .ﬂ Explode Stepd
% Wheel-3
= .ﬂ Explode Steps
% Axle-2
= .ﬂ Explode Stepé

% Axle-1

Create an Exploded view
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7 Return to the ConfigurationManager.

Click OK [¢] from the Explode
PropertyManager.

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

Right-click ExplView1.

Click Animate collapse. View the results.

Create an Exploded view

____Configurations
= 9 Race Car Configurationi&)
= T2 Default=Display State- 1~

+ o S

I Collapse

%\mate collapse
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10

Click the Play button

SolidWorks

Engineering Design and Technology Series

from the
Animation
Controller

Animation Controller

<l BB

l# =@ & b

4,00 [ 4,00 sec,

dialog box. View the
Animation of the
Race Car.

Close the
Animation
Controller
dialog box.

Return to the
FeatureManager.

Click the FeatureManager | @ tab.

Save the model.
Click Isometric |@ | from the Heads-up

FeatureManager design tree |-
s (8] quracia

- ﬂ.ﬂ wpliview

View toolbar.

Click Save [] from Menu bar.

You are finished with the assembly.

% B (@] F-or- @ - B~

0D @
& @ dim
@ 1t

Isometric

EH B | Raotates and zooms the model ko the
isometric view orientation.

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

Create an Exploded view
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EiSolidWorks || Fie Ed Vew It Toos Widow Hep ,-gl[] EF-EH-2-9-G] 2--0%

@ Race Car (Default<Display 5
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I+ LA—I Annotations
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- & Front Plane
%5 Top Plane
- &% Right Plane
: I_. arigin
[+ % f) Race Car Block<1>
T8 () Ade 1>

B
saf
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Ty ) Wheel<d

@ [ Mates \.\)\
¥
IA%
< | > *lsomatric

= A ¥ @ & £
Interference Clearance Hole Measure Mass Section  Sensor AssemblyXpert | Curvature | Simulation¥press FloXpress >
Detection  Verification Alignment Properties Properties Analysis Wizard ~ Analysis
Wizard

Assembly | Layout | Sketch | Evaluate | Office Products | 8 %
e T o —
B 7R » LANM@B-F-00- @ 8-E-
T

\
TG () A2 f i
[ % -1 Wheel<1> 4 .
5 () Wheel<zs
# % () Wheel<3

W a ] s e[ Model | Motion Study 1

SolidWorks Fremium 2009

Under Defined  Edit

ting Assembly 7] @

1 Open the Race Car Block Part from the
Assembly.
Right-click (¥) Race Car Block<1> from
the FeatureManager.

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

Create an Exploded view

- |A| Annotations |

% Front Blan -

5 TopR (B 8B 6 1R S e B
% Right] ¢

L o

D& Invert Selection

Go Ta...

Wy
'Component {Race Car Block}

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 Axle<1> from the FeatureManager.
Click Open Part [¥| from the Context toolbar. The
Ax e 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.

W TQ,I]HE'D ,.v’leLj}v

Viewport

:‘g Mew Window
Cascade

E Tile Horizontally

3 | Tile vertically
Arrange Icons
Close all

Race Car 4—
[T| Race Car Block.

Browse Open Documents. .,

Customize Menu

S B

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

Click the left edge of
Axle<1>.

Distance: 50.00mm
Delta % 50.00mm
Delta ¥; 0.00mm

Delta Z: 0.00mm

Total Length: 18.85mm

Zoom in if needed to
select the edge.

Certer Dist:

Click the right edge of
Axle<1>.

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.

Measure - Axle *

5 - (ol - @ -

Edge«2=
%elete
Distance: St
Delta X 50, Clstomize Menu

(Clear Selectons

Delta 2: 0.00mm

Delta ¥ Q.00
/|
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Click the circumference of the
Axle<1>. The diameter is 3mm.

|Measur@ - Axle * _‘

L in | . .
Diarneter: | 3mm &b~ mn xyzl}’ &
Center: 25mm Ormm Ormm ;

Length: 9.42mm w

Close the Measure - Axle
dialog box.

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

Diameter: 3mm

6 Return to the Race Car — S—
assembly. [ win oy Help l|_] - -

Click Window, Race Car from the Menu bar 5 f::::i::ntdow

menu. Cascade
E Tile Horizontally

The Race Car assembly is displayed. 0

Tile Vertically
Arrange Icons
Close all

Race Car 4—

Race Car Block

r;“| Axle

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

scene [&] tool in the Heads-up View toolbar.

| S -
"Backdrop - Ambient White
| Backdrop - Black with Fill Lights
| Backdrop - Grey with Overhead Light
| Backdrop - Studio Room
| Backdrop - Studia with Fill Lights

Click Plain White. [¥] warm kitchen

| Plain White

View your options.
Click Backdrop - Studio Room.

View the results in the graphics area.

View the results in the graphics area.
Click Warm Kitchen.
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Click the drop-down arrow from the View settings
@ tool in the Heads-up View toolbar.
Click the Shadows In Shaded Mode [@)| icon.

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

2 Savethe model.
Click Isometric [@ | from the Heads-up View toolbar.

Click Shaded from the Heads-up View toolbar.

2~

R

| Realview Graphics
| Shadaws In Shaded Made

| Perspective

@Snlidkas . File Edit WView Insert Tools Window Help Lgll—_] -F-EH-8 2 - -

Lt W

aF 2
Interference  Clearance Hale

A3

Measure

3 Lty

Mass Section

Sensor  AssemblyXpert | Curvature | SimulationXpress g

Detection  Verification Alignment

Properties Properties

Analysis Wizard

Assembly | Layout | Sketch | Evaluate | Office Products |

- A

¥

QUSAE F-ov- @R H-

9FlR] »
(T~ j

@ Race Car (Default<Display State-
= IQ Sensors
[+ @ Annokations
[+ L;i’:l Lights, Cameras and Scene
% Front Plane
%5 Top Plane
% Right Plane
I.. Origin
= % ({FY Race Car Block<1>=
#- () A1 >
# T () Axle<z>
#  (-) whesl<1>
- 98 (-) whesl<2>
#-% (-) whesl<3>
+-%8 (-) whesl<4>

[+ @@ Mates

| P

< | B

EHOFEEERY

SolidWorks Premium 2009

lﬂﬁ?}i’»’]’[’i T[_Model [ Wotion Sy 1

Under Defined

)

Editing Assembly

Click Save [fg| 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

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
2008 - 2009 Rules and Regulations
folder from the Flinschools.co.uk

site. No. Stucture Min. Manx.
3a. Fullbody length * 170 210
3b. Body height above the track” 3 10
(excluding eyelets) including
side pods and wings
3dc.  Bodywidth at side pods” 50 65
3d. Total body width, including wheels * 60 85
(all dimensions stated in millimetres, mm.)
No. Structure Min. Weight
3e. Body weight withoutthe CO, cartridge 55.0
(all weight values stated in grams, g.)
3 No 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.

3Jo. measured from side-to-side of the car body - the side pods are the
part of the car that flanks the sides of the cockpit area of the car. The
outside face of the side pods when viewed from the side the pods must
present a surface measuring not less than 30X15 mm - a sticker of
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
2008 - 2009 Rules and Regulations
folder from the Flinschools.co.uk
site.

Wheel Dimensions

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

4b. All wheele must fit the following criteria:

No. Structure Min. Max.

4c.  Front wheel diameter * 26 34

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

4e. Rearwheel diameter * 26 34

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

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

* Additional Notes

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

Wheel to Body dimensional
design requirements copied

from the 2008 - 2009 Rules and Wheel to Body Dimensions
Regulations folder from the
Flinschools.co.uk site. The wheels ars not allowed to bs inzids the car

body and 100% of the wheel should be visible from
the plan, side and views.

No. Stucture

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

(from the plan/side view)
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Power Plant dimensional design
requirements copied from the
2008 - 2009 Rules and
Regulations folder from the
Flinschools.co.uk site.

Car Body and Wings
dimensional design requirements
copied from the 2008 - 2009
Rules and Regulations folder
from the Flinschools.co.uk site

Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

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

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 *

6c. Depthof hole 50 60

6d. Wallthickness around cartridge * 31

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

* Additional Notes

mm the car wil

not be allowed to race and loose marke acoordingly

Car Body and Wings

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

8b. The design of the completed R-TYPE car should resemble
an actual F1 car and shall include the following features:
An aerofoil on the front nose of the car, an aerofoil on the rear of
the car and side pods on both sides of the car
No. Structure Min. Max.
8c. Rear/Front Wing width 40 65
{where the wing is split by the body of the car,
the width is calculated as a sum of both parts.)

8d. Rear/Front wing depth 15 25
8e. Frontwing thickness 1 12
8f  Rearwing thickness 3 12

* Additional Notes

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

A driver cockpit/driver is an opptional feature

Designs will be tested and examined for any implants or
voids hidden within the car body.
Be/8f. The minimum depth of both front and rear wings is to be
measured at the narrowest point on each wing.
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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 Agsembly. s =T
Click File, Open, or click Open i ;
iles of type: | A bly [*.azm;” sldasm) —p ancel
from the Menu bar toolbar. e !

Description;  <MNaone>

BI‘OWSe to the Race Car [ Quick view ¢ Selective open
assembly folder. [ Lightwsight

Open the Race Car assembly.

The Race Car assembly
FeatureManager is displayed.

2 Create an Assembly Drawing.
Click the Make Drawing from

DRl - -5 -9 K-8 E 4

| e

Part/Assemb Iy tOOl from the —n E Make Drawing from PartfAssembly ‘ -
Menu bar tOOlbar g@ Make Assembly from Part/Assembly l
Accept the standard Drawing New SolidWarks Document

Template. Templates | Tutorial |

Click OK from the New
SolidWorks Documents

dialog box. :
Sheet Format/Size @
Click OK from the Sheet = ettt aae
_ . Preview:
Format/Size dialog box. mEETETE

B - Landscape
C-landscape =
[ - Landscape

E - Landscape

AN - | andsrane

- landscape siddrt

Display sheet Format. Width: 279 .40mm

() Custom sheet size Height: 215.90mm
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Right-click inside the drawing sheet.

Click Properties. The Sheet Properties dialog box is displayed.

SfisolidWorks | Fe Edt view Imet Toos window tep § [1 - (¥ |

- s -

- (BT

2-- 0%

© N-O-n-x o
Smart Trim
ey 12 ol Entities P
- S0 e

Offeet B38 Linear Sketch Pattern

ﬂ Mirror Entities

_ Display/Delete
Relations

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

Bl >
A

Race Car
[A] Annotations

Gy | Select Other
Zoom/Pan/Ratate

0 | Smart Dimension
More Dimensions
Annotations
Drawing Yiews
Tables
Sheet (Sheet1)
Edit Sheet Format
Lack Shest Focus

h mE AN B

EoEE

Race Cat

[ Impart Annatatin:

Auto-start projecte:

View Palette 5

Options

Gl

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

The default name of the
Sheet is Sheetl.

The Type of
projectionis Third
angle.

| 5et Lightweight ko Resolved -
{5 copy
X |Delete *Front
& Properties..‘% —
Relations/Snaps Options. .. e ﬁ
Comment
srE oW e i
¥ A Roced %
STAIENL WEDuL
s :
< Ed (=9 ™
AT Lo sheet1 [0 3 »
ShowyEdit the Properties of the current selection. Under Defined  Editing Sheetl 1:5 [7]
Sheet Properties @
gy 4_ Type of projection :
Marne: Sheet1 . Mext view label: A
(IFirst angle
Scale: 1 5 (%) Third angle Hext datum

The Sheet Scale size is
1:5.

Check the Display sheet
format box.

Click OK from theSheet
Properties dialogbox.

The drawing sheet is displayed.

Create an Assembly Drawing

Sheet Format)Size

(%) standard sheet size
&= Lanl‘j‘scapa
| A - Portrait

|C - Lanlagrape
|D - Landscape
|E - Landscape
lan -1 anderane

| b- Iandscape.slddrt

— " Display sheet format

() Custom shest size

| DeFault

Pl

Browse. ..

Use custom property values from maodel shown in:

-

Preview

Width: 431.80mm  Height; 279.40mm

Caneel
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4 Set Document
Properties.
Click Tools,
Options, or click

SolidWorks

Engineering Design and Technology Series

Race Car - Sheet1

nter Mark ==z
Tables

Options
Changes options settings for Solidwiorks,

the Menu bar

tOOlbaI‘ & nnntatlons
(¥ Dimensions

Click the

Document 1) Tables

System Options | Document Properties |

[ arist

Centerlines/Center Marks

Overall drafting standard

Properties tab.

Select ANSI for
Overall
drafting standard.

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 | Document Properties
D.r.aFting Sta!ﬂdard Creerall drafting standard
[#- Annaokations 4— ARSI
[#- Dimensions
Centerlines/Center Marks Text
Dimzpert :
- Tables Font Century Gothic
[#- View Labels Attachients
Choose Font E‘
Font: Font Style: Height:
Century Gothic | Reguiar O Units
T [CT— | i
Century Schoolbook. Italic . —
() chiller Bold (%) Points
0 Colorna MT Biold Ttalic m
0 Coric 5ans M3 bt o %
Sample o] @
Effects
AOBDYYZZ [Cstrikeout  []underline
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B SolidWorks jf Fle Edt View Insett Toos window Heb ;;a'?‘l'_'] -F-H-080 2-- 8 %

o s ,439 é A Q Balloon VF Surface Finish

Smart o g

Dinesion Model | Spell  Format | Hote $B autoBalloon /7% Weld Symbol
Items | Checker Painter

= t UZ Hole Callout

Geometric Tolerance v

Datum Feature Area bed
Hatch/Fill

@ Datum Target

View Layout | Annotation | Skeich | Evaluate | Office Producis | -
_ ﬁ’ » aEavEeEw
(F )

Race Car
[A] Anrotations
= el
Sheet Format1

B Face Car

[ & sheet1 [0

SolidWorks Premiurn 2009 Under Defined

Editing Sheetl 1:5  [7] &

8 Insert an Isometric view.
Use the View Palette to insert drawing views. The View
Palette contains images of standard views, annotation
views, section views, and flat patterns (sheetmetal parts)
of the selected model. You can drag views into an active
drawing sheet to create a drawing view.

If needed click the View Palette [52| tab from the Task
Pane.

Drag the *Isometric icon into Sheetl.

The Isometric view is displayed. The Drawing Viewl
PropertyManager is displayed.

Create an Assembly Drawing

Dirag views onto drawing sheet
[ﬁj i
(A Front *Right
*Top *Back
m
*Left *Bottom
*Current *lzometric
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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.

SolidWorks

Engineering Design and Technology Series

Display Sty A
o ey
Scale = A

() Use sheet scale
() Use custom scale

i

_User Drefined

User Defined
Ise model text sca

~

@SulidWorks i File Edit View Insert Tools Window Help QlD - R

@l-&-9-F-] 2--0%
& N-@ -k 2k I} L\ mirror Entities 5
Smart Trim L1 1A . Display/Delets
Dimension .1 - ‘i} & @ Z Entities S_‘Eits L Linear Sketch Pattern Relat’:ons
ks -2 - - o >
View Layout | Annotation | Sketch | Evaluate | Office Produds | .8 %
E8IeT » CROR N1 N5 B
(" b P
|
= 2l —
\ll Annotations !ﬁ
@ [Y sheett E
>
P
|
€
- E
&

W[5 Sheett

Solidarks Premium 2009

Under Defined

Editing Drawing viewl 1:5

)
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11

12

13

14

Edit the Title block.
The title of the drawing sheet is automatically filled in

Lesson 3: Create an Assembly Drawing

Sheet (Sheet1)
Editg:eet Format

with information that is in the file properties of the Lock'sheet Focus
assembly. Set Resolved to Lightweight]
Right-click inside Sheetl. Do not click inside the attitea
Isometric view.
Click Edit Sheet Format. [
. A1 | century Gothic ¥ |2c 3smn] AB I U S

Zoom in on the Title = — SILC | L 1
block B
Double-click Race Car in SCALE: 1:5 |WEIGHT: " SHES
the Title box.
Select 22 from the drop-down menu. Sheet (Sheet Format1)]

. Edit Sheet
Click OK [«] from the Note PropertyManager. e
Return to the drawing. B3 |copy
Right—CIiCk Edit Sheet. X | Delete

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 changesif 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

< Bill of Materials,_|

W B
| Message i
;_.TaI_JIe Template &

bom-standard | [Z[3)

il ”
| BOM Type 2
(@) Top level only
() Parts only

() Indented assemblies

&«

ERCRICHTEHOR

i Part Configuration ¥
Grouping

il -

£«

| Border

»

ot i

= ;.-None- b
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1

Note:

68

Create a Bill of Materials.

SolidWorks
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Click inside the Isometric view. The Drawing Viewl fard
PropertyManager is displayed.
Click the Annotation tab from the CommandManager. fGenerc‘-' Table

HJa] | Hole Table
Click Tables, Bill of Materials. The Bi Il of — P il o Materias
Material PropertyManager is displayed. Accept the % cel b Slofareas

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

Template box. ik

| Table Template A
Cth OK from the B i I I Of Mater i a.l :bom-standard |@|
PropertyManager. [Table Position A
Click a position in the top right corner of Sheetl. S
View the results. | #

You select a Sheet format when you open a new
drawing. The standard Sheet formats include links to

Top-level only
(O Parts only
(O Indented

System properties and Custom properties.

Save the drawing.

Click Save .
HflSelidWorks J e et vew e Tods wncow vep @0 - -H-2-9 ~| ?- - F %
s @ A $3 Balloon v surface Finish Geometric Tolerance
v
DS"“" Model | Spell  Format | Note $3¥ AutoBaloon /7 Weld Symbol | H&] Datum Feature A i »
IMENSION Ttams | Checker Painter ~ Hatch/Fil
" Ay UZ Hole Callout | fA) Datum Target 2
[ View Layout | Annotation | Sketch [ Evaluate | Office Products | E
: = = = i
| |FT » 8,9 5§ 2 - G-
(7 ) o e e S ' (@
Race Car e b —— b
[A] Annotations ! s L ! ! Qﬂi
= [ Sheett 2 E
|
%
|
&
=

B Race car

(RIS (2 sheett [FE7]

Solidwarks Prermium 2009 32.95mm  219.38mm  Omm Under Defined  Editing Sheeti 1:5

2
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Add a Sheet to the drawing.

son 3: Create an Assembly Drawing

Sheet (Sheetl)

1 Add a Sheet in the drawing. Edit Sheet Format
Right-click Add Sheet. Do not click inside the Lock Sheet Focus
Isometric view. Sheet2 is displayed. | SetResolved o Lightweight

- Adq S_heet...
Insert a Front, Top, and Right view using the View Palette. £y cop

1 In sert a Fro nt Vi ew. Dirag views onto drawing sheet
Click the View Palette [5] tab from the Task Pane. :

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

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

3 Insert a Right view.

Click a position directly to the left of the Front view. Eirie m
The Right view is displayed. o o
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
. . . . I e | Type of projection
inside a drawing view. Mame: | Shest2 i s
Cllck Properties. Scale: |1 | 2|% () Third angle
Enter 1:2 for Scale. ngtt::;:;ti:t e
Click OK from the Sheet Properties et A [[rebad ]
dialog box. § Landscape

|D - Landscape
Click and drag each view into position. i v

5 Rebu | I d th e d I’aWi n g . [ .C:'l,Documents and Settings'l,..f.
Click Rebuild [ g ] from the Menu bar [Ploiey shest forme
toolbar.

6 Save the drawing.

Click Save [i]
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1

H-2-9 -] 2 - B
o) NGO o 23 I Mirror Entities [
oo E1- - @ | i, S o oo | /B
o -8 - - e ;
View Layout | Annotation | Sketch | Evaluate | oOffice Products | .
B . : : AN (- 6
—— el
3 Sheet! |
+ Sheet Farmat E
rawing View ==
% Bill of Materizls1 !'_J__
= [ sheetz < |
= Sheet Farmat &=l
B Dirawing Wiew:! 1 :ﬁ
: Drawing \l'\ew':
#- 5 Drawing \l'\ew-J
Kl'i r‘I":.c":_;.e Car
4 >
W[5 sheetl ] [bsheet2 [T0]
Solidwiarks Premium 2009 Under Defined  Editing Drawing Yiewz 112 [7] (2
Insert a Right Drawing View Dimension.
. — . . © N-O@-n-o#
Insert a Dimension into the Right view on Sheet2. i o [ R, I
Zoom in on the Right View. . N o
View Layout | Annotation | Sketch

Note:
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@SnlidWorks i File Edit View Insert Tools Window Help ,,v‘l\:l - lj’

Click Smart Dimension [@] from the Sketch toolbar.

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

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.

Create an Assembly Drawing
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2 Insert two Dimensions into the Front view.
Press the f key to fit the model to the Sheet.

Zoom in on the Front View.

Click the left front edge of the Wheel.

Click the right front edge of the Wheel.

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

Click the top of the Top Wing.

Click a position to the left to place the dimension.

Click OK [«] from the Dimension PropertyManager.

Press the f key to fit the model to the Sheet. View the results.

Create an Assembly Drawing
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Note: The objective of this lesson is not to produce a completely dimensioned
engineering drawing. Rather it is to introduce some of thebasic steps engineers go
through when producing documentation for a product. Add additional dimensions
and information on the drawing if needed for the contest.

3 Edit the Title block on Sheet2. Sheet (Sheet2)
The title of the drawing sheet is automatically filled in | |gditsheet Format
with information that is in the file properties of the Il Lotf&iheet Focus
assembly. Set Resolved to Lightweight

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

Click Edit Sheet Format. e &
. Al | Century Gothic v2<v8.35mn | A u =sE=EaEi-==

Zoom in on the Title et SIS =

block. MRace Car

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

Car.

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

. Edit Sheet
Click OK [«| from the Note PropertyManager. —
Right-click Edit Sheet. & copy

Rebuild [g] the drawing.
4  Fit the model to the Sheet.

Press the f key.
5 Save the drawing.
Click Save [i]
Open a Part from the Assembly ==
1 Openthe Race Car Assembly from Sheet?2. % ;D
Right-click inside the Front view. e 70—
Click Open race car.sldasm. The Race Car assembly St Lightwaight o Resdlved
1 1 1 . BOpen race car sidasm
is displayed s
2 Return to the Race Car assembly drawing. R
Click File, Close from the Menu bar menu. The F— )
Race Car drawing is displayed. =
File | Edit View
In the next section, return to Sheetl and create an E T
Exploded Isometric view. e oo
Il C'DS?.Q..
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@SD"I‘WGIKS || Fle Edit View Insert Tools Window Help ¥ | |_] - L}? - H - @ - [z) - T}_-| 7 SO i 5
oy \ A ] o & =k M ssiecer Cons ) b

3-
Smart = Sheet1
Dimension

. @

View Layout |

nnnnnnnn

'ﬁrientatiun "

Standa;:l v}
\
(] |=]i
\

IMare views

Cis[eBloEsE *|

“Dimatr|
*Trimets

| tmport aption B [Flte Car | M

Display State

'%mﬂ ’ , . _ | ’ : )

w
CVEN] llIHlI_IE_S%J [Sheet2 [T ]
Solidiorks Premium 2009 229.53mm  -16.69mm O Under Defined  Editing Drawing View2 1:2 [7] @

Create an Exploded

Assembl Yy view Corfiguration information
1 Return to Sheetl. () Use model's "in-use" or last saved configuration

. @u d configuration:
Click the Sheet1 tab at o st

| Defauit v
the bottom of the T
hi ; — Show in exploded state
grapnics arca to return to DiSl@y_ State .
Sheetl. Diplay State-1 2

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 73
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Click OK from the Drawing View Properties .
dialog box RETTA i —
: ElE = E]
3 Modify the View Scale.

Click inside the Isometric view in Sheetl. The Drawing
View1 PropertyManager is displayed.

»

.))Z

Scale
() Use sheet scale
(@) Use custom scale

Check the Use custom scale box. (User Defined |+
Select User Defined. | 115 N
Enter 1:1.5.

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

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

G SelidWorks jf Fle Edt ves Inset Toos window Hep 9 | O-&-B-&-9-[B]- 2--0%
& \ - @ - r\J -k B j & Mirror Entities
s | (B, B+ Usk; ozet S22 linenr Sketch Patiern - | DiSpiY/Delete
Dimension Gk Entities : mEn Relations
Entities
= @-0 - = ] =
.VIE!W Layout | Annotation | Sketch | Evaluate | Office Producis | B NS E P b - A %
“ﬁ » ]
(7 e e | [T | ‘@
Race Car = I {5 =
[A] Annotations 2 . ﬁ
= =
&
3 : = - Lo E’
4 =
[ 5) " 3
4 e o .
S, | lf«r
: - o N
‘ ~
P LT M :
B Rece Cor
R[5 sheett Sheetd [ o0
SolidWorks Premium 2009 25.05mrm 173.92mm  Orrn Under Defined  Editing Sheetl 1:5 71 @
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Lesson 4
PhotoWorks ™

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

Load the PhotoWorks Add-in

Create a PhotoWorks assembly configuration

Apply 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:
| Scene =] Scene
m Appearances | ARehrs _
#-|__] Appearances (default plastic)
| Decal S J Decals {empty)
= = =1 |ste] Lighting
m Lighting 9
| I mage Output fO rmatS S Directionall
S Directional2

Activate PhotoWorks
Rendering is the process of
applying the appearances, scene,
lighting, and decal information to O Q’DH — ]
D B

the model. [
1 Open the Race Car Assembly. gt o S e
Opens an existing document,

Click Open from the Menu
bar toolbar. We=T
Files of type: .Assemb.ly [f.asm;;‘.slc.l.asm]. v Cancel

Browse to the location of the
Race Car assembly.

Description;  <Nane>

] Quick view /# Selective open References...

Open the Race Car assembly. [ Lightweight

The Race Car assembly is
displayed in the graphics area.
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2 Load the PhotoWorks Add-in.

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

toolbar. The Add-ins dialog box is displayed.

Check the PhotoWorks box.

Click OK from the Add-1ns dialog box.

The Render Manager [i&| 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.

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.

Activate PhotoWorks

Lesson 4: PhotoWorks™

PhotoWorks

EE aEEEG @48 %%

=] F% Race Car
=] | Options
Clstomize...
Add-Ins ——
Add:-Ins
active Add-ins |start up |
= SolidWorks Premium Add-ins
138 30 Instant Website O
IR Circuitworks .|
[  eDrawings 2009 ]
[ &8 Featurevarks il
E PhatatWarks F
#ill scanTo3D O
] salidwarks Design Checker O
[]4# salidwiorks Mation .|
DE Salidwarks Routing |
[0 solidiworks Simulation .|
[ solidwarks Toolbox ]
[T salidwarks Taclhax Brawser il
[ salidwarks Utiities O
[0  solidwarks Workgroup PDM 2009 F
BT Talnakyst |
= SolidWorks Add-ins
[0 Autctrace |
[0 solidwarks 20 Emulator |
[0 solidwarks Flaw Simulation 2009 .|
[0 solidwarks MTS [
[ Ok ] [ Cancel ] él
ﬂg Macro
Mold Tools
m_ MotionManager
B Photoworks
-%juicESnaps
‘6}:* Reference Geometry
ﬂ Screen Capture
Q? Selection Filker
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Create a Configuration for Rendering

It is good practice to make a configuration of

the assembly specifically for the purposes of m
rendering. This way you can make changes to e )
. . . . Top Assembly {(Race Car)
the assembly without effecting things like the T R —
draWing. Comment »
Tree Displa r
1 Create anew configuration. Explod: ’
lick th nfigurationManager || . Enimae explode
Click the ConfigurationManage tab NI o
Right-click Race Car.
% BT 2] &
Click Add Configuration. The Add = Add Configuration
Configuration PropertyManager is displayed. 7 R
Note: The new configuration will be a copy of the SE-“'-‘E‘-‘“r?t‘““ -
. ONFIgUration narme:
active one. [Photoworks <
Enter PhotoWorks in the Configuration ResEe:
name box. ZC.P'””"":*S -
Enter PhotoWorks in the Description '
box.
[Bill of Materials Options 4 |
Click OK [] from the Add Sy e
Configuration PropertyManager. i
View the new configuration. [Document Name ~]

Don't show child components in
[1BoM when used as
sub-assembly

|

| Advanced Dptions

“«

| Parent/Child Dptions

78 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 Scene, Appearances, and Lighting. |§||.@_5.|||-§.|@.|
VieW the detaﬂs. b Ec;c::e

3 Return to the FeatureManager. B warm Kiechen _
=] Appearances (default plastij

Click the FeatureManager [sg] tab. Sl i i
W (p) Axle (DeFault )
Note: The present configuration is PhotoWorks. (] Decals (empty)
=) [sk] Lighting
@ Ambient
% Directionall
% Directional?

Bl SalidWorks jf Fie Edt vew Inset Toos PhotoWorks Window Heb o | O-~-F-B-&- 2--82%2
[ N 1 @& W ¥ n om (>
Inzert Mate Linear mart Move Show Assembly Reference Nieow Bilof | Exploded ¥
Components Compon... i Component Hidden Features Geometry Motion: | Matirials View
* - = Components * - Study
Assembly | Layout | Sketch | Evaluate | Office Products | - A%
®7|[2@ QA WE-(F-oo- @ B- B~
I:gm p—
=t C‘ Sceng [@__
& wiakn Kitchen i ﬁ
=] Appearances (default plasti |—E
= e =atin Finish aluminum (fa p—
R (p} fude (Dafault ) (&
[_] Decals (empty) | 3t
=) 3] Lighting {i
@ Ambient =
S Directionalt |ﬁ
& Directionalz
< | >| *lsometric
W el vl ni] Model | Motion Study T ]
IﬂgolidWorks Premium 2009 Under Defined  Editing Assembly @
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Appearance
PhotoWorks can use the appearance you applied when  Appearances
modeling the Race Car for the rendering. However, v % 4=
that isn’t always what’s best for a rendering. For T oot |
example, when you modeled the Race Car Block,
. [l ColorfImage
balsa material was used so we could calculate the mass.
And to do that, you needed the correct material j2slested Geometyy, A

properties such as density. Ortey & oo o
() apply at part document level
In the case of a rendering, you are more interested in [Race CarSiDASM
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. Appearance ¥ |
Color ¥ |
Display States (linked) ¥ |

4 Apply Appearance to the Tires.

PhotoWo [X]
Click the Appearance El tool EE CEERD RLE %%
from the PhotoWorks toolbar. The
Appearances PropertyManager P
iS dlsplayed g:g;z; appearance for selected ]
Click the Basic tab from the SRR |
Appearances PropertyManager. T :
% 42
[ Eiasic Advanced |
[l cal orfImage
Selected Geometry fou| 2

(&) Apply at component level

Apply at part document
o level

[Phototorks
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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 configuration box.

Click the Select Faces in the Selected Geometry
box.

Click the top face of a tire in the

Lesson 4: PhotoWorks™

f Color{Image

Selected Geometry R >

(%) Apply at component level

Apply at part document
vl

|Apply changes at part document level

Configurations

%Zhis configuration
Il configurations
() Specify configurations

»

Selected Geometry "

) apply at component level

Apply at part document
® leeel

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 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 Appearances
PropertyManager.

View the results in the graphics area.

Appearances/PhotoWorks 5

.—_?h = 3% @ ?

é = @ Appearances -

Ll

E\."

£

? :".'q"‘Texture

ﬁ @ Lights T
< S 5

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

BB 2 »
@ Race Car (PhotoWorks <Display
:E Sensors
Annotations
- |sk] Lights, Cameras and Scene
% Front Plane
3 Top Plane
5 Right Plane
I., Crigin
= % (F) Race Car Block<1>
=T () A1
W [ dudesz
T () Wheel=1 >
T ) Whesl =z

aaf

tire tread

GiSolidWorks | Fie Edt Ve It Teds Photoloris Widew Hep @0 - -kl ?- - O %
) - © % W - B>

Insert Mate Linear Froome Move Show Assembly Reference I\e-v Bl of | Exploded »‘ -

Components Compon... P Component Hidden Features Geometry Motion | Materials View
- - - Components - - Study

Assembly [ Lavout | Sketch | Evaluate | Office Products | Appearances... 55
LAYH@E-F-6v-@ 8- L R=A=

L@ Miscellan
B () Whesl<a> 2B Seenes
o Ty () Whesl <4 I Decas
&l [ Mates o [2 Lights
¥ >
A Drag and drop
z appearances
orto the mode!
< *| “lsemetric
fudy T ]

T E= e Appearance:

T Model [ Woton
Select entities ko modify their sppearance

Under Defined

Editing Assembly

82

Appearance



SolidWorks Lesson 4: PhotoWorks™

Engineering Design and Technology Series

7 Apply Appearance to the Front

and Rear Wing. PR
Click the Edit Appearance El tool o R
from the Head-up View toolbar. The
Appearances PropertyManager e ? )
iS dlSplayed Selected Geometry ﬁ
(&) apply at companent level
8 Apply changes at the part level. Apply at part document level

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

|Apply changes at part document level

Click the Apply at part document

Configurations P | Selected Geometry )
|eVe| bOX. %’;his configuration (O apply at component level
3l configurations (&) apply at part document level
9 A p p | y Cc h an g es to th e () Specify configurations
PhotoWorks Configuration. 9 |:
Check the This configuration box. ° &=
&
Click the Select Features box. T,;
- '
Expand Race Car from the fly-out /r@ T
FeatureManager. (& sensors
-+ '_ Annotations
EXpand Race Car B I OCk +] \<_9i;| Lights, Cameras and Scene
% Front Plane
Click Extrude4. Extrude4 is the front wing. & Top Plane
Extrude4 is displayed in the Selected <§ z'rgi'g’itnp'a”e
Geomet I"y dlalog bOX. X % {F) Race Car Block=1
. . . Ve + _il Mates in Race Car
Click Extrude5. Extrude5 is the rear wing. :II sensors.
Extrude5 is displayed in the Selected o
Geometry dlalog box. :<>\ Frant Plane
<> Top Plane
Select a CO|OI’. \<>\ Right Plane
I—» Crigin
Note: A custom color can be selected and created by using i
. . +] Screw Eye Slat
the color palette in the Color dialog box. 4 (@ oz Cartridge Hole
H Axle Hole Cut Out
» +] Extrudel
ﬂ +] Extrudez
+ @ Extrude3
+ wtrudes <—

Appearance 83
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Click OK . from the
Appearances
PropertyManager.

View the results.

SolidWorks

Engineering Design and Technology Series

TR Color 3
¥ X = 4
H .standard Vj
[ Basic ] Advanced | ———— 5
(5]
Toommeee ||| 5
L
Selected Geometry 3

) apply at component level

(&) apply at part document level

B EI Annotations

i+ IE Lights, Cameras and Scene
; \é> Front Plane

: @ Top Plane

; \6) Right: Plane

1. origin

= Q (F) Race Car Block<1>

i @ (=) Axle<1=

=8 % (-) Axle<2>

lasaf

@SulidWo[ks . File Edit View [nsert Tools PhotoWorks \Window Help & lD E-E-&- ?2-- 8%

? o B & 5] i # | : (o

Insert Mate Linear oo Move Show Assembly Reference News Bilof | Exploded -

. Components Compon... el Companent Hidden Features Geometry Miabar: | Matersls e
o - - Compaonents - = Study

Assembly | Layout | Sketch | Evaluate | Office Products | Appearanc... —IFH
S —— s 42 — P—
SR » LB @B-F-o- @ BB L=
(T~ ) Appeatanc
% Race Car (Photoborks <Display & \.Ma Plastic
] sensors L@ Metal

EeEBEE

W () wheelz1> g
5 T () whesla2> [ g Miscel
B ) heel<3> i 8 Scenes
Y () wheel<d 5 B Decals
& [ Makes (- [s5] Lights
< | ¥
Drag and drop
appearances
onto the model
< | 3 *fisometric
W] 4] ¥][m]| Model otion Study 1 < b
Select entities ko modify their appearance Under Defined Editing_.j\s_se_mbly E @

Appearance
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Rendering ;
Rendering is the process of applying EE jEERE @28 % &

Lesson 4: PhotoWorks™

the appearance, scene, lighting, and
decal information to the model. Full L
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.

2 - - B X

@SnlidWorks . File Edit View Insert Tools PhotoWorks Window Help (& \. D - Lj} - H -

o bR = P i
o 44 il 5] ) o 5 o8 LB o>
Insert Mate Linear Smart Maove S Assembly Reference Hew Bilof | Exploded | -
. Components Compon... it Component Fidden Features Geomefry Motion | Materials s
= - - Components - o Study

Assembly | Layout | Sketch | Evaluate | Office Products |
@ r7 [ ] | i
(T~ v,
@ Race Car (Photobivorks <Display
@ Sensars
I+ Ill Annaotations
= 'Lﬂ Lights, Cameras and Scene
%} Front: Plane
Q Top Flane
\6>\ Right Plane
I_. rigin
(et Q& ({F) Race Car Block<1>
H @ (=) Axle<l=
! Q& (=) Axle=2=
-y () wheelx1>
T () Wheel<2>
T () Wheel<3=
i+ Ty () wheel<a>
i+

m@ Mates

laaaf

4 | ¥

Gl 58| C &2

|[]lij[_4']'ﬁ';'ﬁ|j[' Model [ Wioton Study 1]

Select entities to modify their appearance Under Defined  Editing A'ssembly @ @

Rendering
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Modify the Appearance

86

1 Modify the Appearance to the Race Car Block.

Press the z key to exit the render mode.

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

Click the Apply at part document level box.

Click This Configuration in the Configurations
dialog box.

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

Expand the Appearances folder.
Expand the Metal folder.

Click Silver.

Click matte silver.

Click OK from the Appearances
PropertyManager.

Render the model.

Click the Render tool from the PhotoWorks toolbar.

View the results.

Selected Geometry

»
>

() apply at companent level

(&) apply at part document level

3

Configurations
This configuration
(13l configurations
() specify configurations

] @ Race Car {PhotoWorks <Displ. .

gﬁ Sensars

] il Annotations

+ ﬁl Lights, Cameras and Scene
\<> Front Plane
\<> Top Plane
\<> Right Plane
I—» Qrigin

+ E@"Iates in Race Car

(3] cepsor

Appearances;PhotoWorks 4=
- Wl |§] %

= ? Appearances -
(- og Plastic
=R A Metal
L@ Steel
@ Chrome
L Alurinum
L@ Bronze
L@ Brass
_\é Copper

BREREER

Ll bliclal

Modify the Appearance
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EiSolidWorks | Fie et vew et Tods Prowioss widow rep (1 - (¥ -l 8- 7 - 0%

£ i © % 5 ¢ | @ ‘B>
e GUSX e M| gy |t S| ey | omor | epkoes
e POM:+  Easteners s Hidden ¥ | Motion | Materials | View
- - - Components - - Study

Assembly | Layout | Sketch [ Evaluate | Office Products |

Q Race Car (PhotaWorks <Display
- Sensars
- Annotations
& @ Lights, Cameras and Scene
\<§>\ Fronk Plane
\<§ Top Flane
\<§>\ Right Plane
I., Crrigin
& % (F) Race Car Black<1=
By () Adle<lz
= 8 () Adex2
9 () whesl<1>
5 9 () Wheel<z>
# 9y (-) Wheel<a>
=9 () Wheel<d>
e @ml Mates

e

Under Defined.

3 Save the model.

Press the z key to exit the render mode.

Click Save [H]

Scenes

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

PE DEERD @R8 %% &

Scene

Choose a scenery For the active
document

make initial renderings quick and easy.

Scenes

87



Lesson 4: PhotoWorks™ SolidWorks

Engineering Design and Technology Series

1 Apply the Scene tool.

Click the Scene [#]to01 [~ e
f the PhotoWorkS ?na-?ff | Fiool:n I Backa"Fpregrpund | Enwironment | Lighting |
rom LY T
toolbar. The Scene
Editor dialog box is T e —
1 i Presentation Scenes
displayed. SRl ; %
Cth the Man ag er ta’b & E S Reflective Floor Black Reflective Floor
Checkered
Click Studio Scenes.
Click Reflective Floor ﬂ @ A
Checkered. 4 ,
. Factary Floor Dusty Antigue
Click Apply. ’ o
Click Close.

2 Render the model. . - -
Chck the Rend er 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
m_SnlidW_orks | = Edt Vew Insert Toos PhotoWorks Window Help & “j ~F-EH-2- 2--08x
I"L% § 5 B 2] % T k. L@ >
nsert 8 Linar s Move chay | Assembly Reference | (S| B | S0l
Components Compon... Eolinars Component Fidden Features Geometry Motion | Matzrials View
- - = Components = - Study

Assemtﬂy[ Layout ‘ Sketch | Evaluate [ Office Products l

BirS @ i

B Race Car (PhotoWorks <Display
@"] Sensars

[+ m Annotations

QEQ Lights, Cameras and Scene
% Front Plane
\é} Top Plane
<% Right Plane
;_, Cvigin

e % {F) Race Car Block<1> ’

[ @ (-] Axle<l= ﬂ

o B () Axlesz

- () Wheel<1»

(+-8 (-) Wheel<2>

-5 () Wheel<3>

-8 () Wheel<4>

i [ Mates

e i LK

W » Model | Motion Study 1

_Ss\ec@ entities ta mD\:_IiFy' their appearance Under Defined Ed_itir!g Assembly E
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Decals

Decals

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

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

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

m  Windows bitmap (*.bmp)
m  Tagged Image File (*.tiT)
m Joint Photographic Expert Group (*. Jpg)

Apply a decal. n
PhotoWa _ &

Click the New Decal [B]too] |w@ BB @25 %% &
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.
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Click the Decals folder.

Appearances;/PhotoWorks ~
Cick e Sol iworks ceze T
decal- = e Appearances “E;AF(.:;;.Q. ) K

) g Plastic

The decal is displayed on

the Race Car Block. i (@ Fainted 7
- \-a s %ﬁmw
g & ‘
g = Selidvorks

- g Stone

[ L@ Miscellaneous
+ & Scenes
2%

el

& l3e) Lig
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Check the This configuration box.

Position the Decal.

Tip:

Decals

Click the Mapping tab from the
Decals PropertyManager.

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

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

Select ZX from the drop-down
menu for AX1S direction.

Enter 20.00mm for Horizontal
location.

Enter -12.50mm for Vertical
location.

Enter 180.00deg for Rotation.

Click inside the graphics area.
View the results.

Lesson 4: PhotoWorks™

Configurations

This configuration
Il configurations

() Specify configurations

[Photaovarks

*

Size/Orientation

S

-I.Viapping

|3 |

| Projection |
& |z v
=+ [ 20.00mm -
T [-2.50mm

I

= i ;
1= Fixed aspect ratio

[CIFit width o selection
f‘é Tlumination ] [CIFit height ko selection
[ tmege | <4 tapping || O [z1z.43107e19mm %]
..Selected Geomekry ~ .: i ¥
= ——— | 1EO |92.40137852mm = |

Aspectratio: 2,301
<> |180.00deg
[CIirror horizontally
[ tirrar vertically

Resel ko Image

| >

|

Click OK from the Decal PropertyManager.

View the results.

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

file path.

Image file path:
[ | uresidecals\logo.bmp

Save Decal...
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Bl SolidWorks jf Fi= Edit Vew insert Toos PholoWorks Window Help Q}l[] R A =

2 - - 08X

palERl
-
% Race Car (Photo'works=Display
- @ Sensors
i @ Annotations
|2 Lights, Cameras and Scens
@ Front Plane
- \é> Top Plane
@ Right: Plane
- l_. arigin
=+ % (F} Race Car Block<1>
@ T ) Axext>
"R ) Axle<z>
&3] % (-3 wheel<1=
[+ TGy () Wheelz2>
@ B () Wheel=3>
B % (=) Wheel<d =
i+ [ mates

»

S

*| *lsometric

" =] ot £
_® % E; @ @ ¥ 33 E % : @ »
Insert Mate Linear oo Move Show Assembly Reference New Bilof | Exploded . 1
Components Compon... o terrs Component Hidden Features Geometry Motion | Materials View
= - - Companents - = Study
Asaembly! Layout | Skelch | Evaluate | Office Products \ B %

LA WB- F-ov- @ BB~

el [ 8 0 (B[

[ Wodel | Motion Study 1

M) ]k
Select entities to modify tl;a_ir decal Un_der Defined Eqiting_ngsembly @ @
2 Render the model.
Click the Render tool from the PhotoWorks toolbar.
View the model in the graphics area.
Decals
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@SnlidWolks . File Edit Vview Insert Tools PhotoWorks Window Help Ql[] - Lﬂ‘ - H - @ - ? - - 0 X

I = e
B o M & 12 ) ? ED) w |[B2
Insert Linear Move Assembly Reference 2 4
Components Mate Compon Smart Component Show Features Geometry New il of Exploded
""" Fasteners Hidden Motion | Materials View
- - - Components - 7 Study

Assembly | Layout | Sketch | Evaluate | Office Products |

@ (72| =
€
@ Race Car {PhatoWorks<Display
& @ Sensars
i Iﬂ Annotations
B @ Lights, Cameras and Srene
i Q Front Plane
i @ Top Plane
%% Right Plane
I_, Cigin
el Q (f) Race Car Block<1>
T () Al
# T () Al cz>
-9 () Wheel<1>
Y () wheel<z>
- () Wheel<3=
1+ W () wheel<4>

]

2l @@ Mates
Sl I [

DN Model ofion Study 1]

Select entities ko modify their decal ‘Under Defined  Editing Assembly 7]

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 5[ 0eak |

Right-click logo <1>. f ® %’aender...
Click Edit. The Decal's PropertyManager is e g“ﬂ:fbier;P
displayed. 8% Directi{  Copy

% Directij  Detach

Move Decal Up
Reverse Order of Decals

Hide: Decal

Edit the Decal 93
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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.

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

[ElDecals
« ¥ 42
f\é‘ Tlumination ]

| 1 mage W@F

Decal Preview

b3

»

| Projection

& [z ::

= [10.6646638mm &

T [ootoeesoemm 3|

X

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

B [sv.879256320m 3|

[CIMirror horizontally
[ tierar vertically

Reset ko Image

Click OK from the Decal's PropertyManager.

Return to the FeatureManager.

Click the FeatureManager tab.
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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¥

S |

Do B

H kg %
Assembly Reference

Mew Bil of
Features  GeOMMY | yotion | Materials

Study

@SnlidWorks . File Edit View Insert Tools PhotoWorks Window Help &
[ 3
PR

2 o | ®
Insert Mate Linear il Move
. Components Compon... Eibia Component

P
B
Show
Hidden
Components - -

Exploded

View

Assembly | Layout | Sketch | Evaluate | Office Produdis |
gl (el
(i :
@ Race Car (Photoworks <Display

@ Sensors
[& Il[ Annatations
[+ IQ Lights, Cameras and Scene
% Front Plane
Q Top Plane
<>\ Right Plane
I_, Origin

= % (f) Race Car Block<1>
=T () Aol
[+ () ple<z>
] -] Whesel<1>
el (=) Wheel<2>
| -] wheel <3

} (=) Wheel<4>
[+ @@ Mates

QAACHE F-oo-@ B

»

PO

B
B
%
S

A

< >| *1sometric

[Bl0]S[E

o
o

G]®

WA H1|_Model [ Wotion Study 1
Sn_a_\E_(t entities to rnn_d\Fy their decal

LUnder Defingd Editing Assgmhly

(2]

Output Options

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

m  To visualize the effects of appearances and scenes. This is generally an
intermediate step en route to the final output.
m To capture the image with screen capture software for use in other programs.

The images for this manual were made as screen captures.

This is rarely the final output though.

Render to a Printer

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

have to be converted into a graphics file.

Some common uses of printer renderings might be for:

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

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 (*.mi)

JPEG (*.jp9)

PostScript (* - ps)

Encapsulated PostScript (* . eps)

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

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

Alias color (*.al 1as)

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

Methods to Increase Rendering Quality

Note:

96

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

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

Output Options
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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.

Increase the number of pixels rendered.

Use a high dot per inch setting to render more pixels.

Enable ray tracing.

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

Use a higher anti-aliasing setting.

Higher settings for anti-aliasing reduce the jagged appearance of edges that
are not vertical or horizontal.

Increase shadow quality.

Increasing shadow quality improves the edges of shadows.

Enable indirect lighting.

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

Enable caustics.

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

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 causesloss of definition. Images may be scaled down, butthe
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
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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
this image as a TIFF file. This
will result in a large file but
with excellent definition.

Click Render to File from
the PhotoWorks toolbar.

E

Bl EEEBG @28 %

Render to File
Render active document into file

Render

File name: Face Car »

Format [8-bit RGBA TIFF r1if v Schedule

Set the Look in directory to the
Race Car folder.

Cancel

Help

il

Irmage size

Select 8-bit RGBA TIFF for the
Format.

Name the file Race
Car.tit.

Select Fixed aspect ratio.
Select Inches for Image size.
Enter 5.00 for Width.

Enter 3.75 for Height.

() Pixels
~
() Centimeters

@) Inches at (300

= Dats perinch

“Wiclth:
|5 00in

Height:
2 |378in = [FIFixed aspectratic
Approximate file size: 6591KB

Irnage guality

Compress using run length encaoding

1331
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Example #2

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

To maintain the same aspect ratio, calculate the correct height: S I -
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.

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

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

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

Apply the Mass Properties tool

Apply SolidWorks SimulationXpress™ to the Axle-A part

Modify the material on the Axle-A part and re-run SimulationXpress
Save the SolidWorks SimulationXpress™ analysis

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

Apply SolidWorks Flow Simulation to the final Race Car assembly
Compare the results

Save the SolidWorks Flow Simulation analysis
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Modify the Rear Wing

SolidWorks

Engineering Design and Technology Series

In Lesson 2, you created the File name: | Race Car v| [Copen J-]
Race Car assembly, You Files of type: !_.A_§§_nembly [*.asm;" sldasm) vl [ Cancel ]
applied the Mass Properties tool Description:  <Nene>

and calculated the mass of the

] Quick view / Selective open

[ Lightweight

References...

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 Openthe Race Car Assembly.
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.

@sﬂ"dWOIks ] Fle Edit WView Insert Tools Window Help & | O-F-H-2-%9

Gl 2. -08%

R ey =

(T~ o

% Race Car (Default<Display State
@ Sensors

= IE Annokations
e @ Lights, Cameras and Scene
G Front Plane
\<§‘ Top Flane
- @ Right Plane
- I_. Drigin
[ % (f) Race Car Block=1 >
T () Aol
I Q& (-) Axle <2
+ ¥y (-] wheel <1
T () Wheel<2>
e} % () wheel <35>
Y () wheel<4>
[+ @ Mates

{

X

z‘i‘y
< |

[— *Isometric

= A ] <@
Interference  Clearance Hole Measure Mass Section  Sensor AssemblyXpert | Curvature | SimulationXpress FloXpress »
Detection  Verification Alignment Properties  Properties Analysic Wizard  Analysis
Wizard
Assembly | Layout | Sketch | Evaluate | Office Products | A %

A B-TF-oo- @ A-B-

~

1] Model | Wotion Study1 ]

SolidWorks Premium 2003

Under Defined

zl

Editing A'ssembly
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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.

3 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

Extrudeb.

Expand Extrudeb5.
Right-click Sketch9.

Click Exit Sketch [&] from the
Context toolbar.

Modify the Rear Wing

Lesson 5: Analysis

| »

KIE
T

3] sensors

@ Race Car (Default<Display State-1

| A] Annotations

% Front Pl
%> Top Fla

£ Right Pl

B9 ®a 18§ BT

Le-

D& Invert Selection

Go To..,
lfomj_mnent (Race Car Block)

Hidden Tree Items

SElR®] >
T

% Race Car Block
(] sensors
A | Annotations

+-|2%] Lights, Cameras and Scene
§E Balsa
\<§\ Front Plane
\<§\ Top Plane
\<§\ Right Plane
I.. Crigin
[+ @ Balsa Block
i+ Screw Eye Slot
# CO2 Cartridge Hole
(e Axle Hole Cut Qut
[+ Extrudel
#-|[@] Extrude2

= Extrude3
[+ @ Extrudes
=] @ Extrudes
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Zoom in on the rear wing.
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4 Modify the Height of the Rear
Wing. # il :
Double-click the 8 text dimension. 51
f I
Enter 10 in the Mod i Fy dialog box. R 1
Click the Rebuild [8] tool.
Click the Green check mark || in
the Mod i fy dialog box.
5 Modify the Width of the Rear Wing.
Double-click the 18 text dimension.
Enter 22 in the Mod i fy dialog box. & 4
Click the Rebuild [8] tool. L 10
Click the Green check mark |¢]in L i 1
the Mod 1 fy dialog box. L ko
Click OK [¢] from the Dimension
PropertyManager. View the modified rear wing dimensions.
Click the Rebuild [8] tool. T
Drag the Rollback bar below VarFi Il letl in the ig;”;j:;:j;?:m
FeatureManager as illustrated. i (&) Axle Hole Cut Out
= Extrudel
Click Shaded @] from the Heads-up View toolbar. o
6 Save the model. % .
Click Isometric [@ | view from the Heads-up View toolbar. @getslketc'“g
Click Save from the Menu bar toolbar. .@@ :!::;etl &\
7 Return to the Race Car Assembly.

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

Click Yes to rebuild.

Calculate the new Mass

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

of the Race Car assembly.

104
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1 Apply the Mass Properties tool.

Click the Evaluate tab.

Click the Mass Properties || 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 theRace
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 jf Fle Edt vew insert Td

Gt q
= W B/ I
Interference  Clearance Hale Measure /¥ Mass
Detection  Verification  Alignment Properties

Assembly | Layout | Sketch | Evalﬁate Office Pr
= o — - |

Mass/Section Property Options
Units
[ seiertific Motation
() Use document settings

':&_} Lze custom setings

/ Length: Decimal
Milimeters v ] %
Mass: . )
grams v
Per unit

milimeters~3 «

W Mass Properties

[

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

Output coordinate system: | -- default -- eV
[Race Car.5LOASM
Selected items:

Include hidden bodiesfcomponents
Show output coordinate system in corner of window
|:| Assigned mass properties
I\';Iéss propef.tiés 6F ﬁace .C.ar"( Assembiy Col-ﬂf.i.éurat.ion -D.P;F.au.l.t bl ~
Qutput coordinate System; -- default --
Mass = 55,3132 grams 4—
Wolume = 2028679695 cubic milimeters
Surface area = 61946,3602 milimeters~2
Center of mass: { milimeters 3
* = 0.0006
¥ =12.1600
£=99.0175
Principal axes of inertia and principal moments of inertia: { grams * square mill
Taken at the center of mass,
Ix = (0,000, -0.0400, 0,9992)

Ty = {1,0000, -0.0000, -0,0000)
Iz = (0.0000, 0,9992, 0,0400)

P = 28704.053¢
Py = Z05571.95¢
Pz = 227451.55%

Moments of inertia: { grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system,

Lix = 208871,9598 Ly =-0,1248 Lxz = 0,9356
Lyx =-0,1248 Lyy = 227163.8654 Lyz = -7940,313
Lzx = 0,9356 Lzy = -7940,3133 Lzz = 29021,742

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

4 | >
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1 Apply the Measure tool.

LT i v s
Click the Measure | 8| tool from the Evaluate Clesrance _|E i r»%s_
toolbar. The Measure - Race Car dialog box i i iduaalica
is displayed. Layaut | Sketch | Evaluate [ Ofice Pro

Right-click Clear Selections in the I

Selections box.

Race Car SLOWSM

Click Top |&] view from the Heads-up View j@m
toolbar.

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

H

Click the back edge of the rear

wing. 22mm is displayed. “1 Rt
3 Measure the height of the ‘F e +
i The b lected it llel.
rear wing. 4 e e
Distance: £3.09mm

Right-click Clear Selections in Vi sl

- |f: elta mm
the Selections box. | S
Click Right [@] view.

Total Length: 7Smm ;L
Click Hidden Lines Removed

from the Heads-up View
toolbar.

Click the bottom edge of the

rear Wlng Mormal Distance: 10mm
: Detok: hoom
Click the top point of the rear Deka : 10.00mm

Delka 2: 2.00rmm

wing. View the dimensions.

7

Close the Measure - Race i g

Car dialog box.

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

Click Isometric [@] view.

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

Click Window, Close All from the Menu bar menu. All models are closed.
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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
five steps required:

Optimize the part, (Optional).

. View the results.

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

1. Define material on the part.

2. Apply restraints. o e @ B

3. Apply loads. pritostrder il sl i sl e
4. Analyze the part. —

5.

6

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

m  Will the part break?

m  How will it deform?

m Can 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 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 107
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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

108

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.

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

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

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

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

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

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

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

m  Show deformed shape of the model.

m  Generate an HTML report.

m  Generate eDrawings files for the analysis results.

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

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

Analyze the Axle-A Part

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

Perform a stress analysis on the
Axle-A part.

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

Analyze the Axle-A Part 109
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Open the Axle-A Part

110

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 Fi les of type: Part.

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

View toolbar.

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

Click Edit Material. The physical material %ﬁlﬁ“ﬁ LYEY el
properties are displayed in the Materials R ades :
dialog bOX. (2] sensors

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

click Isometric view from the Heads-up

SolidWorks

Engineering Design and Technology Series

E Look in: [‘_]' Analysis | (] ¥ = @
: [=2ppe
My Recent ";’ XF;
Drocuments + Ale-h
« Race Car Block Flow
e
L£
Desktop
My Documents
File name: [« 3 Open | =
) L & Lo 1)
25 Files of type: | |

[ [A] Annotations

s gl

\<§ Front _§E E.dit Matﬂ

‘<>: Top Bl _%emove IMaterial
%> Right Manage Favorites
I.. Origin

Plain Carbon Steel
[+ [ a Extrud

Analyze the Axle-A Part
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Alurminium Alloys

3= 1080-0(55)

3= 1345 Alloy
3= 1350 Alloy

i
3= =140
§= 201414
3= s
$= 2013 Alloy
3= 2024 Alloy
$= 2024 Alloy (5M)
- 82 zoz40

3= 1060 Alloy
3= 1060-H12
$= 1060-H12 Rod (55)
§= 1080-H14
$= 1nan-H1s
$= 10a0-H1E

$= 1060-H18 Rod (55)

- 8= 1100-H12 Rod (55)
$= 1100-H16 Rod (55)
$= 1100-Hz6 Rod (55
$= 1100-0 Rod (55)

§E 201.0-T43 Insulated Mold Casting (55)
§E 201.0-T6& Insulated Mold Casting (557
& §E 201,0-T7 Insulated Mold Casting (55)

=

Properties. | Appearance || CrossHatch || Custom | Application Dats | Favorites |

fd aterial properties

I aterialz in the default library can not be edited. ‘Y'ou must first copy the material to

a custom libramy to edit it.

Lesson 5: Analysis

X)

Property I\f’alue | Units:
Elastic Mocdulus 73000 MAnmE
Poizzons Ratio 033

Shear Modulus 25000 Minm*2
Thermal Expansion Coefficient 2.3e-005

Density 0.0028  gimm"3
Thermgl Con_c_!gcjivﬂy 4180 Ain K
Specific Heal_ 960 Jkg K

AB5445  Mimm*2
565055 Mimm'2

Té_ns‘ila Qtre_n_gth
*field Strength

Note: The 2024 Alloy material properties are used in SimulationXpress.

4 Return to the FeatureManager.

Click Close from the Materials dialog box.

Analyze the Axle-A Part
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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/lem?

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
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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.

Lesson 5: Analysis

SolidWorks SimulationXpress Q|§|@

%54 solidWorks SimulationXpress i Simusioriess com
Weloome. | el Rk g\ bodal el lotifiza] Reile)

welcome to Solidworks Simulations=press. This design analysis wizard guides you
step-by-step ta determine how your designs will perform under certain conditions. [t
can help you answer tough engineering questions like;

Wil the part break?

Hona will it deformn?

Can | use less material without affecting perfarmance?
This is a tool to provide stress analysis early in the design cycle ta catch patential
problems befare extensive work has been done. Mast analysis problems will require
a comprehensive analysis product for mare accwrate and complete real vworld
simulations before final sign-off on a design.

[ Mests I [ Close ] [Cance\] [ Help ]

Tip:  You can quickly run SimulationXpress by

clicking SimulationXpress Analysis
Wizard from the Evaluate tab in the
CommandManager.

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

Set System of unitsto SI,
(MMGS).

Set the Results location to
the Analysis folder.

Click Next>.

SolidWorks SimulationXpress

%]
Simulation¥press FloXpress DFMXpress DriveWorksXpress
Analysis Wizard  Analysis  Analysis Wizard
Wizard Wizard

SolidWorks SimulationXpress

554 SolidWorks SimulationXpress i Simuaorigress com

| ® Welcome Materizl | Restraint | Load | Analyze | Dptimize | Results |

Optionz

Systern of units: [ v‘—

Results location: [Canalysis [
] Show annatation far maximum and minimum in the result plots

[ <Back ]* Mexts ] [ Cloze ] [Camce\J [ Help ]

7/
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Assigning Material

SolidWorks SimulationXpress

The response of the part depends on 54 SolidWorks SimulationXpress e Sinulaiartioress com
the material it is made of. @ Welcome | Matziel | Festint | Losd | Anspee | Optiize | Resuts
SimulationXpress must know the Hos e s b specifed

elastic properties of the material of canet s vl e o b et [ =
your part. You can pick a material the Aol buton )

from the SolidWorks material I e Sostwrare Pt et o
library or define your own material <l | @
properties. SimulationXpress uses

the following material properties to [Beck | [t | [ Close ] [ Cancel | [ Hep |

perform stress analysis.

Elastic Modulus (EX). For a linear

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

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

Yield Strength (SIGYLD). 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.
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1 Assign Material.
Click 2024 Alloy as illustrated.

Click Apply.
Click Next>.

Applying Restraints
A part that is not restrained will
travel indefinitely in the direction
of the applied load as a rigid
body. In the Restraint section,
you define how the Axle-A part
is fastened in the analysis. The
restrained faces are fixed in
space. You must restrain one face
of the part to prevent the analysis
program from stopping, due to
instability caused by rigid body
motion.

Applying Restraints

Lesson 5: Analysis

SolidWorks SimulationXpress E]@lfg|
%54 SolidWorks SimulationXpress # SinualiorXaress com

2 welcome | Malerial | Restiint | Load || Andlyze | Optimize | Resuls|

Mo material has been specified.

Select 3 material from the list and click, el 4 o
the Apply buttan, _291 %
2015 Alloy
Mote that thiz change will get reflected
in the Solidworks part document. 5 _.&HD&J'[SN] <
< ¥ |

[<Eack] [ Mests ] [ Cloge ] [Eancel] [ Help ]

SolidWorks SimulationXpress

5§ SolidWorks SimulationXpress  ww Sinlori<press com

| @ wielcome| © Material | Restiint | Load | Analyze | Optimize | Resuls|

Current material 2024 Alloy

To change the material of the part, | EU} 4.‘-1“1." ~|
select from the list and click the Applp 2&}{1-.‘[8

button, 2018 Alloy

Mate that this change will get reflected

in the Solidworks part document. 2024 Alloy (SH] Sl

[ <Back] [ Nexl)% [ Close ] [Eancel] [ Help ]

SolidWorks SimulationXpress ['EIEI g|

554 SolidWorks SimulationXpress s Simiatoriaress com

& Welcome @VMratgrrlal: Restraint |Load | Analyes | Optimize | Results|

We will now collect information an where Axled, is fised. You can specify
multiple zets of Restraints, Each set can have multiple faces.

_’I ]

Click Nest to cortinug

[ <Eack] [ Hetr | [ Close ] [Can:eIJ [ Help ]
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Applying a Restraint

1

Note:

Note:

116

Apply arestraint.

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

Name the restraint.
Click Next>.

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

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

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

Click the outside left face of the Axle-

A part as illustrated.

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

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

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

SolidWorks

Engineering Design and Technology Series

SolidWorks SimulationXpress g|§|g]
55§ SolidWorks SimulationXpress s Sinilatiritpress com

& welcome | & Material Restraint |Load | Analyze | Optimize | Results|

W wil now collect information on where Axle-4 is fised. You can specify
multiple sets of Restraints, Each set can have multiple faces.

17

Click Mext to continue
[ Back | [New | [ Close | [ Cancel | [ Hep |

SolidWorks SimulationXpress
5§ SolidWorks SimulationXpress v Sinirpicss con

& Weloome | @ Material | Fiestraint | Load || Analyas | Dptimizs | Resuts

Enter a name far the restraint set:
[Fin et at the encls

Select one or more faces to be restrained for this set

Show symbol

[ <Ea|:k] [ Ment> ] [ Close ] [Eancel] [ Help ]

E S|
T5{ SolidWorks SimulationXpress s Sinulairipress com

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

Enter a name for the restraint set:
| Fix Al at the ends
Select ane or more faces to be restrained for this set

Face< 13

Show spmbal

[ ack | [ Mews | [ Owse | [ Cancel | [ Help |

Applying Restraints
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Applying a Load
Using the Load 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

354 SolidWorks SimulationXpress s Simuletioripress com

| & wielcome | @ Material| @ Restiairt [ Load | anabee | Optimize | Results|

Tao add a new restraint et, click Add. To edit or delete an existing zet,
select it from the list and click Edit or Delete

Add

[ <Back] [ Mkt ] [ Cloze ] [Cancal] [ Help ]

SolidWorks SimulationXpress

ﬁSolidWorks SimulationXpress wwwSimulatiori<press.com

@ ‘Welcome | @ Material | @ Restraint| Load :LAnaIyzE Optimize .Fhasu\ls:_

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

l g

Click Mest to continue

[ <Back] | Next | [ Close ] [Cance\] [ Help ]
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Applying a Load

118

1

Apply aload.

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

Click Next>.

Select a load type.
Select Force.

Click Next>.

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

Enter 1N for load text.
Select the face to which the force is

applied.
Click the cylindrical face of the Axle-A part.

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

Specify the direction and magnitude
of the force.

Check the Normal to a reference
plane box.

Click Top Plane from the
FeatureManager.

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

Click Next>.

Analyze the results.
Click Next>.

The Analyze tab opens.

SolidWorks

Engineering Design and Technology Series

SolidWorks SimulationXpress

B3{ SolidWorks SimulationX . com
 ‘welcomn | & Material | i Restaint Load | Anaben | Optivize | Resils

We row collect information on kads acting on Aadeh. You can specity
nnallihe sets of Forces and Fresaaes. Each sel can have mulliple laces.

I 4

Chch, Newd: b curirnse.

Cam ) i) (oo ) (o)

SalidWarks SimulationX press

ﬁ TR T T AT

® Weicoms | & Maleid | 5 Restrart| Load | Anspre | Uplimess | Resls

St the lype of load sclrg on Ak

(& Foed

O Pressure.

[goct ] (et | [ Gose ] [ Concet ] [ b ]

) Wiedeome | & Materinl | & Restoint | Losd | Anabon | Dpsimize | B

Srdect the dircticn for 14
) Nommal o sach seiected lace

”{G} Marmal in a sedeserce plore:
Seloct arelmence plae. ESEEENN
Specy the foee valie o be applied in aach i in the st

1 ] w
Iq1 drction
Ehov symbol

Com ] e ) =

SolidWorks SimulationXpress
i soli si

2 Wekcome | B Mateisl| @ Restiare| ) Losd | snshos | Optimize | 4 *

Xpress

To add & mew load set. chck Add To edi or delate an exitting sel. select i
from the st and chck Edit or Delete:

Applying a Load
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Running the Analysis

The Analyze tab allows you to
run the analysis.
SimulationXpress prepares the
model for analysis and then
calculates diSplacementS, strains, “we now have enough infarmation to iun the analysis of Axle-4, Da you
and stresses. want ko analyze it with the default settings?

SolidWorks SimulationXpress g|§|g]

¥5§ SolidWorks SimulationXpress i Simaicripress com
© Wekome | @ Material | @ Restiant | @ Load | Anabze | Dptinize | F ¢ >

The first phase in the analysis is i ]

meshing. Meshing iS basically () Mo, | want to change the seftings

splitting the geometry into small,

simple-shaped pieces called Fem Nt W o= B = B Fee )

finite elements.

Design analysis uses finite elements to
calculate the model’s response to the 5
applied loads and restraints. Nodes§.
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.

After meshing the model successfully, the ' A 3D Element:
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.

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

Running the Analysis 119
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Running the Analysis

1 Usethe default settings.

120

Check Yes (recommended).
Click Next>.

Run the analysis.
Click Run.

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

on the Analyze tab and the Results tab.

SolidWorks

Engineering Design and Technology Series

SolidWorks SimulationXpress Ql@@J

5§ SolidWorks SimulationXpress  tw Simuliaritpress com
& ‘welcame | @ Material | © Restraint | @ Load| Analyze | Optimize | F 4 *

“we now have enough information bo run the analysis of Axle-4. Do you
want ta analyze it with the default settings?

(O No, | want to changs the ssttings.

[ Back | [ Mes | [ Olose | [ Caneel | [ Help |

SolidWorks SimulationXpress

5] SolidWorks SimulationXpress % Smuidipress.com

| & ‘welcome | & Materal |  Restaint | & Load | Analze | Qptinize | FL£

Click Run ta perfarm analpsis. This process may take a few minutes...

[ <Back | [[New> ]| [ Close | [ Cancel | [ Hep |

SolidWorks SimulationXpress E]@I@]

54 SolidWorks SimulationXpress  # Simuafori<precs com
% Material | @ Restraint| @ Load | © Analyze | Optimize | & Results | ¢ L

Congratulationss. The analysis is complete

Based on the specified parameters, the lowest factor of safety
[FOS) found in your design is 68 9173

Show s critical areas of the model whers FOS s below: (]

Click Mext ta further review the results or click Close to exit the 'wizard

[ <Back | [(Mews | [ Cwse | [ Cancel | [ Help |

Running the Analysis
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Viewing Results

SolidWorks SimulationXpress Eﬂ§|®
Viewing results is an essentialstep B SolidWorks SimulationXpress i Simisiorprecscom
il’l the analySIS pI‘OCGSS ThlS IS the @ Mateiial | © Festraint | & Load| @ Analyze | Optimize| % Results | ¢ ¥
step in which you evaluate how _ _
; . Congratulations. The analysis is complete.
gOOd your deSIgn 1S at Based on the specified parameters. the lowest factor of safety
Wlthstandll’lg the SpGClﬁed [FOS) found in your design is 68.9173
Working COl’ldltlonS ThlS Step Show me critical areas of the model where FOS is below: [
should lead you to make important
.. Click Mext to further review the results or click Close to exit the wizard
decisions about whether to accept
the design and move to [[<gaok | [ew ] [[cose | (cancel | [_nep |

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

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

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

Interpretation of factor of safety values:

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

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

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

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

Viewing Results 121
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Viewing the Results

1 View the results. SolidWorks SimulationXpress WS

The factor of safety of the 554 SolidWorks SimulationXpress i Sinuatoripress com
AX I e_A part iS approximately &) Materisl | & Restraint | € Load | & Analyze | Optimize | & Results | < »

68 92 Congratulations. The analysis iz complste.
This indicated that the current ST i s o R S P ERIE:
deslgn IS Safe or OVCr—deSIgned Show me critical areas of the madel where FOS iz below: 1[‘

2 Modify the factor of safety. Iy

Click Met to further review the results or click Close to exit the Wizard,

Enter 10 in the Show me critical
areas of the model where FOS is
below box.

[ <Eack] [ Mexts ] [ Cloze ] [CGHDEIJ [ Help ]

Click the Show me button.

Model name: Axle-2

. . Study name: SimulationXpressStudy
The fOllOWlng plot 1S Plot type: Factor of Safety Plot4
. . . Criterion : Max von Mises Stress
displayed. Regions in blue Red« FOS =10 =<Blue

have factors of safety greater
than 10 (over-designed
regions).

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

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

m Factor of Safety
m  Maximum Stress
m  Maximum displacement

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

Optimizing the model

Lesson 5: Analysis

SolidWorks SimulationXpress

551 SclidWorks SimulationXpress e Simulaioripress.com
| @ Material | @ Festiaint | @ Load | @ Analyze | Dpimize | @ Resuts| (€%

Do you want to oplimize this dezign?

©es
O Mo

[ <Back] [ Mext> ] [ Close ] [Eannel] [ Help ]

SolidWorks SimulationXpress

15§ SolidWorks SimulationXpress i Smlatirikpress.con
| & Maerial | @ Reshaint | @ Load | & Anayze | Optimize | & Resuts| € *

Select one of the following criteria for the optimized part and then click.
Next. < » shows the curent value

(3 Factor of Safety FOS] > |1 | <SRBT
© Maximum Stress ¢ | N/m2 <1.400e+006>
() Maximum displacement ¢ [mooinaoa | mm <1.145e-003%

[ <Back I [ Mext> ] [ Close ] [ Cancel ] I Help ]
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Stresses

When loads are applied to a body,
the body tries to absorb its effects
by developing internal forces that,
in general, vary from one point to
another. The intensity of these
internal forces is called stress. The
unit of stress is force per unit area.

In SimulationXpress you can view
a stress quantity called the
equivalent (or von Mises) stress.

SolidWorks

Engineering Design and Technology Series

CE&X
ﬁ SolidWorks SimulationXpress *ww Simulationipress. com
2 Material | © Restraint| @ Load | & Analyes | Optimize | ¥ Resuls | ESE

SolidWorks SimulationXpress

Select one of the following result types and then click Next

(@ Show me the stress distibution in the modek

() Show me the digplacement distibution in the model
) Shaw me the deformed shape of the model
() Generate an HT ML report

() Generate eDrawings of the analysis results

[ <Eack] [ Mext> ] [ Close ] [ Cancal] [ Help I

While the equivalent stress at a point does not uniquely define the state of stress at
that point, it provides adequate information to assess the safety of the design for

many ductile materials.

The equivalent stress has no direction. It is fully defined by magnitude with stress
units (i.e., force/area). SimulationXpress uses the von Mises Yield Criterion to
calculate the factors of safety at different points of the model.

Stress Distribution

1 View the Stress distribution of the

part.
Click Next>.

Click the No box. Do not perform

the optimization process at this time.

Click Next>.

Check the Show me the stress
distribution in the model box.

Click Next>.

124

SolidWorks SimulationXpress

ﬁ SolidWorks SimulationXpress v Simulstioripress com

© Maleiial | @ Resraint | @ Load|| @ Analyze| Optinze | @ Resuls| (4%

Do you want to optimize this design?

O ¥es

[ <Eack] [ Mexts ] [ Close ] [Eance\] [ Help ]

SolidWorks SimulationXpress

ﬁSolidWorks SimulationXpress . Simulatiorepress. com
& Material | @ Restraint | @ Load | @ Analyze | Optimize | % Results |

Select one of the following result types and then click Next

()5 how me the stress distribution in the madel

() Show me the displacement distibution in the model
() Shaw me the defarmed shape of the model
() Generate an HTML report

() Generate eDrawings of the analysis results

[ <Eack] [ Mexts ] [ Close ] [Eamce\] [ Help ]

Stresses
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Lesson 5: Analysis

2 View the stresses.
The stress plOt iS Model name: Lxle-4,

graphics area.

Animating the Stress Plot
Start the animation.
Click Play.
Stop the animation.
Click Stop.
Save the animation.

Click Save. The Save
As dialog box opens.

Click Save from the

. . Study name: SimulationXpressStudy
dlsplayed in the Plot type: Static nodal stress Plat!
Deformation scale: 4367 49

von Mises (Nm'2)
1400371.9
I 12837864
1672008
. 10506153
. 9340286
6174442
| 7008586
| 5842731
| 467BE7 6

3511020

234516.5
11793.0
13454

— Yield strength: 75628096.0

Save As dialog box to

accept the file type and name for the animation file.

Note: SimulationXpress saves the animation file in the folder specified in the Options
dialog box unless you change this folder when you save the animation in the

previous step.

Save the Analysis Data and
Close SimulationXpress

1 Close SimulationXpress.
Click Close.

SolidWorks SimulationXpress

ﬁ SolidWorks SimulationXpress #ww Simulationipress. com

| @ Material | @ Restiaint | @ Load | @ Analee | Optinize| © Fesulis [ 1< >

Click. on one af the following buttons to play, stop or save the animation.

) [= (=&

[ <Eack] [ Mexts ] l Claze ] [Eancal] [ Help ]

Save the Analysis Data and Close SimulationXpress 125
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2 Save the analysis data.

Click Yes to the message window.

Modify the Axle-A Material

126

SimulationXpress provides the ability to
ask the question, can you reduce the
Axle-A material thickness without
affecting performance or even modify the

material?

Modify the material from 2014 Alloy to

AISI 304. Rerun the analysis and
compare the results.

Modify the material in the

FeatureManager. ? [Edl D z
Right-click 2024 Alloy in the FeatureManager. (R, et
Click Edit Material. The Materials dialog box is  |u (1) s
displayed. S s

% Top Pl REmOve Material
EXpand Steel. & ;igphtpp Manage Favorites
Cllck AIlSI 304. & % ;:Itgr:d Plain Carbon Steel
Click Ap pIY- 3= AISI 1035 Steel (55)
Click Close. 3= AISI 1045 Steel, cold drawn

Run Simulationpress.

Click Tools, SimulationXpress
from the Menu Bar menu.
Exclamation marks are displayed
on the Analyze and Results tabs to
indicate that you need to reanalyze
the model and that existing results
do not belong to the current model
geometry. An Update button is
displayed at the lower left corner of
the SimulationXpress window.

SolidWorks

Engineering Design and Technology Series

SolidWorks SimulationXpress g]

1] E Do you want to save Solidworks Simulationxpress data?
L

[ ves %[ mo || cancel

3= AI&!IS Annealed Stainless

354 SolidWorks SimulationXpress s Sinuaiori<press com

A=

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

Select one of the fallowing result types and then click Nest
(%) Show me the stress distibution in the madel
() Show me the displacement distibution in the model
) Show me the deformed shape of the modsl
() Generate an HTML repart

() Generate eDrawings of the analysis results

[Update] l <Back] | MNest> J [ Close ] [ Cancel] [ Help ]

Modify the Axle-A Material
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3 Update the analysis.
Click the Update button.

The analysis starts. When the
analysis is complete, the Results
tab opens and the Factor of Safety
for the modified model is now
approximately 146.65.

Click Next>.

Run the Optimization process

1 Run Optimization.
Check the Yes box.

Click Next>.
Enter 52 as illustrated.

Note: Remember, approximately 68.92
was calculated using 2014 Alloy.

Click Next>.

Click Extrudel in the
FeatureManager. View the
dimensions in the graphics area.

Run the Optimization process

Lesson 5: Analysis

SolidWorks SimulationXpress

551 SolidWorks SimulationXpress #wa.Simatiripress.com
| @ Material| @ Restisint | @ Load | @ Analpze | Optimize | % Resuks | < >

Congratulations. The analysis iz complete.

Based on the specified parameters. the lowest factor of safety
(FOS5) found in your design is 146.65

Shaw me critical areas of the model where FOS is below: "

Click Mest ta further review the results or click Close to exit the \Wizard,

[ <Back ] [ MNext> ] [ Close ] [Eancel] [ Help ]

SolidWorks SimulationXpress

551 SolidWorks SimulationXpress i Sinuslioripicss.com
% Material | & Restraint | @ Load | & Anga\yze' Optimize | & Results| (4 ¥

Do pou want to optimize this design?

Yes

ONo

[ <Back] [ Nexnt> l [ Cloge ] [Eancel] [ Help ]

SolidWorks SimulationXpress E”E|E|

WSoIidWorks SimulationXpress W Simdlatiori<press.com
| & Mateiial | & Reshaint | & Load | & Analyze | Optimize | @ Resuls | ¢ *

Select one of the following criteria for the optimized part and then click.
Mext. < » shows the curent value

(@) Factor of Safety FOS] > |62 1 <BEAD:
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Note:
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Click the 3 diameter in the graphics
area. D1@Sketchl@Axle-A
Part is displayed.

Click Next>.

Click the Optimize button. This
may take a few minutes.

In Lesson 2 the mass of the Axle
with 2014 Alloy was .9898 grams.
The diameter was 3.00mm.

The Optimized design with the
Axle using AISI 304 material has a
2.46mm diameter or 32.87% less

material with a Safety Factor of 52.

Click Close.
Click No.

View the new diameter of the
model.

Double-click Extrudel from the
FeatureManager to view the new
diameter.

Close all models.

Click Window, Close Al l from
the Menu bar menu. You are
finished with this section.
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SolidWorks SimulationXpress EHE|E|
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Click "Optimize". This process may take a few minutes.
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Optimization complete! New design weighs 32.87% less than the initial
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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 TransTer: 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?

130

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

m  Will the part run quickly?
m  How will it handle air resistance?
m  Can | 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

Lesson 5: Analysis

Add:-Ins

Make sure SolidWorks Flow Simulation —
. Active Add-ins |Start Up |A
software is installed. & Solidworks Premium Add-ins
. . 138 30 Instant Website O
Click Tools, Add-ins... from the Menu bar IR Circuitworks 0O
[  eDrawings 2009 ]
menu. [ &8 Featurevarks il
. . . [ Photavarks O
Check the SolidWorks Flow Simulation Dpumc;?o;é 0
] salidwarks Design Checker O
2009 box. D& Salidwarks Mation .|
. _ . DE Solidwiorks Routing |
Click OK from the Add-Ins dialog box. IR itivic o =
. . . . . [ solidworks Toolb ]
Note: The Flow Simulation tab is display in the 0% Sl p 0
CommandManager with an active document. | | solworks ies Ol
[0  solidwarks Workgroup PDM 2009 F
. . . Tolanalyst
Tip:  Select tools from the Flow Simulation _D_EI_ e ¥
= SolidWorks Add-ins
CommandManager. [0 Adotrace O
[]  Solidwarks 20 Emulatar o
Salidwarks Flaw Simulation 2009 .|
olidWDrks MTS [
[ OF ] Cancel
e=nlly
@SulidWarks '] Fie Edit View Insert Tools FlowSimulation Window Help ¥ | O-F-A-%-99 Kl =k Race Car *
Nwed B o H OB B, g @ % & B
Dt | el |2 % | oot B [ & o0 (@
Clone Project @ et ﬁ - @ St »m .| B & @ % &
AANME @ - @R-8-

Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation
—— #
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Let’'s Analyze the Initial Race Car Block

1 Openthe Race Car assembly from the
Flow Simulation folder.

Click Open from the Menu bar toolbar.

Browse to the Flow Simulation
folder.

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.

SolidWorks

Engineering Design and Technology Series
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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 Configuration 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 Flow Smulation  Window Help &
= B &
b 2 B ® o H
L 7 ®» Flow

o P 1o Simula. .,
&
. B8 . &

Office Products | Flow .'ﬂmu‘]aﬁon ]
L3

GEiSolidWorks | Fie it view Incert
|§ \Wizard %_l E% o F}@ﬁ' I B
i ow

0 tew H i Simulati...

By = L
Wizard

g Create a new Flow Simulation project Office A

o Y Using the ‘Wizard

a Zomputational Domai
'E Companent Contral
B Fluid Subdomains
D Rotating Regions
% Solid Materials
Boundary Conditions
) Inlet Mass Flow
JE Static Pressure
.: Fans

ﬁ} Heat Sources

u Contact Resistances

@ Parous Media

ieat Sink Simulations

Configuration >>

() Create new 4—

() Use current

Configuration narne: )nit\al Elack (1] |

Curent configuration: |\nit\a| EBlock ‘

il Comments:

».
Back Newi> | [ Cancel | [ Heb
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Note: All required analysis data for
this project is saved in this
SolidWorks model

configuration.

5 Set the Unit System.
Click SI(m-kg-s) in theUnit
system box.
Click inside the Velocity/
Units box.

Select Mile/hour.

Scroll down to view the
Loads&Motion option.

Expand the Loads&Motion
folder.

Click inside the Force/Units
box.

Select Grams force.
Click Next>.

Gram-force
Gram-force is a unit of force,
approximately equal to the
weight of 1-gram mass on
earth. However, the local
gravitational acceleration g
varies with latitude, altitude,
and location on the planet. So
to be precise, one gram-force is
the force that a 1-gram mass
exerts at a place where the
acceleration due to gravity is
9.80665 meters per second per
second.
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Unit gypstem: 22
System Fath Comment
CGS [cm-g-s) Pre-Defined CGS [cm-g-s)
FPS [ft-lb-s) Pre-Defined FPS [ft-lb-s)
IPS [in-lb-z) Pre-Defined IPS [in-lb-z)
Mk [mm-g-z) Pre-Defined Mtk [mm-g-z)
Sl [m-ko-s) Fre-Defined 51 [m-kg-s)
us \ Pre-Defined Usa
[ Create new
Parameter Units | Decimal Places | 1.0 Unit Sl = |
= Main
Pressure & stress Pa o 1
velocity sl 9
Mass one 1
Length Kilometer hour 1
Temperature ileour €— i]
Phiysical time AL 9
Footizecond
(+ Geometrical Characteristic Inchizecond
+ Loadz&hdotion Yardizecond =
+ Heat Centimeterfzecond 3
Millimeter izecond
Footiminute
< Back Ne Custom Unit... Help
Lencth m 3 1
Tempersture K 1 u]
Physical time = 1 1
[# Geometrical Characteristic _»
—| Load=z&hdotion
/ Acceleration miz"2 1 1
Force ~o 1
Mazz flove rate 1
Mach number 1
Angular velocity 1 -
Cunce-farce _
< Back Pound-force Help
HKilopond

Unit system:
System Path Comment
CGS [em-g-s] Pre-Defined CGS [emeg-s]
FPS (ft-lb-5) Pre-Defined FPS [ft-lb-g]
IP5 [irvlb-g] Pre-Defined IPS (in-lb-g]
MbA [mr-g-z] Pre-Defined MMM [mm-g-z)
Sl [mrkg-s) Pre-Diefined Sl [m-kg-g]
Usa Pre-Defined US4
[[] Create new
Parameter Units | Decimal Places | 1.0 Unit Sl= | A
Pheysical time 5 1 1
\+ Geometrical Characteristic
=I Loads&hMation
Acceleration mis"2 1 1
Force v 101 87162
Mas= flowe rate kafs 3 1
Mach number 2 1
Angulatr velocity radis 3 1
Yolume flow rate m"3fs 4 1
Friction coefficient 4 1

v

< Back Mest » Cancel Help
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6 Set Analysis Type and Physical Features.
Click External as the Analysis type.

Check the Exclude cavities without flow conditions box.
Check the Exclude internal space box.
Select Z for Reference axis.

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

Wizard - Analysis Type

Analyziz type Congider clozed cavities .)"2
) Intemal Exclude cavities without flow conditions
f) External Exclude internal space
Physical Festures iVa\ua
Heat conduction in solids |:|
PRadiation (]
Time-dependent D
Gravity D
Rotation [l

Reference awis: Dependency... -_}}!

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

HE

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>.

SolidWorks Flow Simulation 135



Lesson 5: Analysis SolidWorks

7

Tip:

Note:

136

Engineering Design and Technology Series

Set Default Fluid.
Expand the Gases folder.

Click Air.
Click the Add button.

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

Wizard - Default Fluid

Fluicis Path A Mew...
P 172 2
Acetone Pre-Defined
Ammonia Pre-Defined
Argan Pre-Defined
Butane Pre-Defined
Catbaon dioxide Pre-Defined
Chiorine Pre-Defined
Ethane Pre-Defined
Ethancl Pre-Defined
Ethylzne Pre-Drefined
o Fluorine Pre-Defined o ad
Project Fluids Detautt Fluid | Remove
Air‘(‘ Gazes ) .

_ Flaw Characteristic ;Value ~
Flow type Latninar and Turbulert
High Mach number flow D B
Humidity [ w »
< Back ] k Mext » I [ Cancel ] [ Help
7

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.
Parameter Walue

ACCGpt the default ValU.GSZ Default wall thermal condition Adiabatic wall
Adiabatic wall and
Roughness = 0 micrometer.

Click Next>.

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

]

Roughness 0 micrometer

Crependency.., f:j)
< Back ] ‘1Next » J [ Cancel ] [ Help ]
7/
Enter -55 mile/h. )
. Parameter |Value | L2
ApprOXImately -2458 m/S. Parameter Definition User Defined
. . . . e [z Thermodynamic Parameters
NOte' The minus Slgn 18 lmportant! Parameters: Pressure, temperature
It indicates that the air is il 1152500
. i emperature :
flowing towards the car. = Velocity Parameters
: Parameter: “elocity
“elocity in % direction 0mis
“elocity in Y direction 0mis
“elocity in Z direction -S5mileth 4—
In the real Wor.ld’ the car [# Turbulence Parameters k
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. Thecaris ®»
stationary and the air is }N
moving [ < Back ] et > J [ Cancel ] [ Help ]
Click Next>.
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10 Set Results and Geometry Resolution.

11

SolidWorks

Engineering Design and Technology Series

Set the Result resolution to 4. This will yield acceptably accurate results in a

reasonable amount of time.

Wizard - Results and Geometry Resolution

Result resalution ¥

Minimum gap size

[[] Manual specification of the minimum gap size

Minimum gap size:

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

Mirirurm wall thickness:

[ Advanced nanow channel refinement

Optimize thin walls resolution Wi

[ <Back ]}‘Fimh ] [ cancel | [ Heb

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:

NHER R
™ S| ze Initial Car Block
. . @ Input Daka
We are going to reduce the size of the o5 1 cmnesnapion
Computational Domain in order to reduce solving L
. i Eﬁ Boundary Conditions
time, at the expense of accuracy. A smaller domain B Goals
means there are fewer fluid cells to calculate. Using & B Resuts
. . . ;."$ Mesh
the default sizes for the domain could result in & Cut Flots
solving times in excess of 1.5 hours even on a g szmf“:l"t'“ts
. . urface Ploks
moderately fast computer. Such solving times are & oo
not practical in a school environment, o TR
fi% Particle Studies
1 Display the Flow Simulation analysis tree. B v plots
. . . . & Paink Parameters
Click the Flow Simulation analysis tree [z T s
Wolume Parameters
Expand the Input Data folder. R Gosls
@ Report
B Animations
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2 Set the Computational =
Domain size. %'ﬁﬁj!itf'
nght'chck the = @ Input Data
Computational Domain O o

Ly Fluir
folder. ;Lu HiE
. . e B Goals
Click Edit Definition.
Computational Domain EJS|
Input the fOIIOWIHg Values on Size B oundary Condition | Color Setting
the Size tab: o "".'0_15}“ — =
m Xmin = -0.16m Xner  [0%m .
m Xmax = 0.16m Y i Mo x
m Ymin = -015m G P B
m Ymax = 0.15m i - .
m Zmin = -0.21m 2an *
B Zmax = 031m = o3t m =
Click OK.
3 Results.

The resulting Computational Domain is displayed
in the graphics area.

Setting Goals

You can specify the following four engineering
goals:

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

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

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

m Equation Goal
A goal defined by an equation with the specified goals or parameters of the
specified project’s input data features as variables.
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4 Insert Global Goals.
Right-click the Goals folder.

Click Insert Global Goals. The Global Goals
PropertyManager is displayed.

Tip:  Drag the boundary of the PropertyManager window to
the right to make it wider. This makes it easier to read
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 Global
Goal's PropertyManager. View the
update in the FeatureManager.

6 Insert asecond Global Goal.
Right-click the Goals folder.

Click Insert Global Goals in the
Flow Simulation analysis tree.

SolidWorks Flow Simulation
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polledl-N e
Initial Car Block
= @ Input Daka

= % Eesile sert Global Goals. ..
== {

@ Computational Domain
Fluid Subdomains

i Eﬁ Boundary Conditions
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lmgert Point Goals. ..

[ﬂE Mg

& - Insert Surface Goals,
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&3 3D

W R

Parameter

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
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£

1 o o o 5
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O
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&
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,P‘»x ;-E:'—Iab_a.l-ﬁadi.nate System
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Initial Car Block
= @ Input Daka

@ Computational Domain
Fluid Subdomains
i Eﬁ Boundary Conditions
= fﬁ Goals
? GG Z - Component of Force 1
= % Resulks
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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
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[+
Parameter A
Parameter Min | Av | Max | Bulk Av|Use |~
Turbulent Length F_MIF (" )
Turbulent Intensity F [FIFE [
Turbulent Energy Fl_[MiFE (¥
Turbulent Dissipation F [FIFE [
Heat Flux Fl ("]
¥ - 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 |
Y - 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
Shear Force O [ - Component of Force
¥ - Component of Shear Force |
Y - Component of Shear Force (] b
£ |2
B, [ Global Coordinate System

|E€|@'|5Tﬁ§'u%

T, Initial Block (1)
= @ Input Daka

Rename the GGZ - Component of Force 1 to Drag. Hld pubomans

Rename the GGY - Component of Force 1 to Lift. Ch o

I
= % Results

@ Computational Domain

. Eﬁ Boundary Conditions

? GG Z - Component of Force 1
®|oaEy- Component of Force 1

SIFIR[=]

T, Initial Block (1)
= @ Input Daka
@ Computational Domainy
Fluid Subdomains
Eﬁ Boundary Conditions
= ? Goals
? Drag

FLife
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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 [u] 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
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B,| ¢ B = ks H 2 &
@ Run | Load/Unload & Simjg... "] [$| Simuloa?j..
& %_ Results »« ol em v @ % 5
priice F; ucts | Flow Simulation ]
Run
Solve the defined task
Run R
Startup
Fun
[#] Salve
(&) Mew calculation

CPU and memory uzage

Fiun at: E.This computer [CAD zezzion) v.

Use [4 "! CPUs]
- :

Fesultz |2 Bfter finizhing the calculation
3

[#] Loagey

Batch Results...

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

File Calculation  Wiew Insert  Window Help
b OB W 7
=W | Suspend(Chri+-5)

Message

Iterations

Parameter | alue
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 017 : 47
Status Calculation

Preview Settings

Defintion ] Seftings | Image Attibutes | Options | Region |

oK

Plane definition
Cancel

Flane name:

Help
Plane offset:
Minax mode Mode

){-‘ Contours
" Manual min/max
" lsolines

+ Auto min/may
" elocity wectors
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Click the Settings tab from the
Preview Settings dialog
box.

Select Velocity for
Parameter. View your
options.

Click OK.

SolidWorks
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Preview Settings

Diefirition  Settings \magamtlihules] Dplinns] Fleg\nn}

Contours/lsolines options

Parameter

Turbulent Viscozity

1 Welocity vectors options Turbulent Time

5 View the Preview ; ; —
& Velocity[ Right Plane 640x480 Auto Update | X
box. Velocity [milc/) I
The Plot preview is w
displayed in its own -
window. — e ———— -
View the results. \ * ) ’ -
Close the Preview - -
window.
Min=0 milefh  Max=72.9376 milefh
Meration = 60 3
< ¥
6 Preview the ; ;
Preview Settings §|
Pressure. i ] i 1 =
. 3 Defintion  2etings | Image Atibutes | Options | Fegion
Clle the Insert Pre\”ew tOOI Contowrs/lsolines Dpllo:s D g *
on the Solver toolbar. The e  tareel |
Preview Settings dialog ek |
box is displayed.
Select Right Plane for Plane Velocity vectors optians
name.
Select Contours for Mode.

Click the Settings tab.

Select Pressure for Parameter.

Click OK.

View the results.
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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.

File Calculation View Insert Window Help

esson 5: Analysis

Pressure [Pa)

Min=100906 Pa Max=102024 Pa
Iteration = 60
£l il

.1 02024 Pa

100906 Pa

File Calculation  Wiew

Insert  Window Help

> o2 BOR| w2

g (4 Suspend(Ctri+S)

Message

RE R
FEX Lo

Iterations Date Parameter Value

IMesh generation started 09:12:25, Jan 13 Fluid cells 71050

Mesh generation normally finished 09:12:46, Jan 13 Partial cells 3563
Preparing data for calculation 09:12:52, Jan 13 Tterations 136

Calculation started [i] 09:12:59, Jan 13 Last iteration fini... 09:30:24
Calculstion has conwerged since t... 135 09:30:24, Jan 13 CPU tine per last,.. 00:00:04
Goals are converged 135 Travels 1.60071

Calculation finished

136 09:30:31 , Jan 13 .8
0:6:58
Caleulation time left 0:0:0
Status Sobver is finished,

< i ]
Warning | Comment
Mo warmings
< i 1 3
Bl Log
[Iterations ; 136 A

SolidWorks Flow Simulation
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9 Close the Solver vindow.

Click File, Close from the
Solver dialog box.

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

FN Calculation  Wiew  Insert  Window Help

Date

Mesh generation started 09:12:25, Jan 13
Mesh generation normally finished 09:12:46 , Jan 13
Preparing data for calculation 09:12:52 , Jan 13
Calculation started o 09:12:59, Jan 13
| Calculation has converged since k... 135 09:30:24 , Jan 13

Goals are converged 135
Calculation finished 136 09:30:31 , Jan 13

] Iterations

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

Click Hide.

11 Save the document.
Click Save (ld| from the Menu bar toolbar.

Bkl
&, Initial Block (1)
Ei-@ Input Data
@ comnurational Ramain
_ Flui Edit Definition. ..
o]
Eﬁ Bow
= ? Goals
? Drag

BLife
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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
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[BITB <]
T, Initial Block (1)
= @ Input Daka
@ Computational Domain
Fluid Subdomains
Eﬁ Boundary Conditions
= Fﬁ Goals
? Drag

FLife

= % Results
,ﬁ Mesh
=Bk Cut Plots
& CutPlat 1
¥ CutPlatz
(23 3D-Profile Plots
= {) Surface Plots
@ Surface Plot 1
{:\, Isosurfaces
= % Flows Trajectories
% Flows Trajectories 1
% Flow Trajectories 2
% Flow Trajectories 3
@ Particle Studies
T v plots
& Paint Parameters
@ Surface Parameters
Yolume Parameters
ﬁ Goals
@ Report

T Animations
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Accessing the Results

1

Note:

Note:

148

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 Resul ts is displayed, the
results have already been loaded.

Double-click 1. Fld.

Change the View
settings.

View Settings

SolidWorks

Engineering Design and Technology Series

= % Results
5
& Slazct Results

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

% Flow Trajectories

5§resulis_thp
=) 1.cpt

| = »_ooooon.fd

File name: "

Files of type: [ e

O | s S

E

» Cancel

Right-click the Isosurfaces ~ Optins Coordinate System _ 3D-Profile
Regsults folder | Contours lzolines WVectors Flows Trajectories |
. | - Setti |

. . . ;alrr;?nseter: i.Pressure -v“

Click View Settings.
Min:  100907.664 Pa ;iggggg Pa QJ

1 = Save Az
Click Pressure from o — = [ saveds. |
the drop-down menu : T =
for Parameter e (et o
Settlng Mumber of colors: 10
Enter 100900 for v
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.
Right-click the Cut Plots folder.

Click Insert. The Cut Plot
PropertyManager is displayed. Front
Plane is selected by default.

Expand Race Car from the fly-out
FeatureManager. View the features.

Click Right Plane from the fly-out
FeatureManager. Right Plane is
displayed inthe Selection Plane
or Planer Face box.

Click the View Settings button in the
Cut Plot PropertyManager. The
View Settings dialog box is
displayed.

Click the Contours tab.
Click Velocity from the drop-

Lesson 5: Analysis

] @ Race Car (Initial Block (1)<
@l Sensors
¥ 1‘ Annotations
Q Front Plane
I :<>. Top Plane

_§election ] 3
@ = (@ @) L own
= + % ({Fy Race Car Block<1 = {
|ﬂ | Right Plane | + % (- Axle <1 (Axle Long))
.- + % (-1 Axle <2 = (Axle Long))
& [om [2 | =% whesla>
: =— B () Wheel<z>
o 8 () whesl<3>
5 - () whesl<4>
Disolay. AL R mates
E| Contours

| @| Isolines

|z| Veckors

View Settings
down menu for the = 5
Parameter Setting. : f“ﬁ‘”“
alings
Click the Apply button. Faemeter
Mk 0 milesh

Click OK from the View
Settings dialog box.

4  View the Section Plot.

Click OK [#] from the Cut
Plot PropertyManager. View
the plot in the graphics area.

Note: You may need to click the
Hide FeatureManager Tree

Area tab to viewthe total plot.

Viewing the Results

Max: 72 5446797 mile/h

Palette:

Mumber of colors:

-
Vv

| FH | Mesh
4
= 4
Options P 1
Region ¥
View Settings... *__
I Dpliun_s _CUUIdH’_]_alE Sys_lem | 3I_3-Pruhle
i |zolines 1 Vectors Flowe Trajectaries |
) |
TR |
— -
0 milesh = | A
-2l
72544677 miledh S| | 4
nE :'JQJ Reset Min/Max
o

T

|Hide FeatureManager Tree Area

1

S
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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

725447
65.2802
58.0357
50.7813
43,5268
36.2723
29.0179
21.7634
14.5089
7.25447

0
WVelocity [milelh]

725447
65.2802
58.0357
50.7813
43,5268
36.2723
29.0179
21.7634
14.5089
7.25447

0
WVelocity [milelh]
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6 Create asecond Cut Plot.

Right-click the Cut Plots folder.

Click Insert. Front Plane is selected by default.

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

FeatureManager.

Click Right Plane from the fly-out FeatureManager.
Right Plane is displayed in the Selection Plane or

Planer Face box.

Click the View Settings button.

Click the Contours

Lesson 5: Analysis

E!-% Results I
fﬁf Mesh
-3 CutPe .
o I—
o 3D e Al
{) Surfa  Clear and Hide Al

_{:E B50sU Djete al
SZ Flow rapeones——|

=

Selection
SIEIEIE

@ pm 3

=

Display
5 Conkours

|@| Isolines

|§| Weckors

|@| Mesh

«

| Options

«

| Region

View Settings...

i

View Settings
tab.
flosiutaces o Hplions, oordinale SAatEme ) e D R
View the Settin g S. ‘ Contours i lzolines Wectars | Flow Trajectories |
. | - Setti |
Click Pressure from | o=, e
the drop-down menu |
Min:  100907.664 Pa 1100900 Pa
for Parameter '
- Max: 101775604 P, [

Setting. " = moe

i i et [paelit
VleW the MlnlOOQOO [reiete Parameter List...
Value. Mumber of colors: 10

mE

- 0
View the Max
101700 value.
Click the Apply button.
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Click OK from the View Settings dialog box.

Click OK from theCut Plot PropertyManager. Cut

Plot 2 is displayed in the Flow Simulation analysis tree.

If needed, click the FeatureManager tree tab as
illustrated to view the full Graphics area.

View the second Plot.

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

- Initial Block (1)
ﬁ Input Daka
@ ‘Computational Domain
[ Fluid Subdomains

Ff Boundary Canditions
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10 Hide the Section Plots.
Right-click the Cut Plots folder.

Click Hide All. View the model in the graphics

arca.

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

toolbar.

12 Save the document.
Click Save from the Menu bar toolbar.

13 Insert a Surface Plot.
Right-click Surface Plots in the
Flow Simulation analysis tree.

Click Insert.
Un-check the Use all faces box.

Click Race Car from the fly-out
FeatureManager. View the selected
surfaces. Note: This may take 1 - 2

minutes.

Click the Contours box.

Click OK [#] from the Surface Plot
PropertyManager.

A status box is displayed.

Viewing the Results
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NellEdN

=k

Initial Block (1)
= @ Input Dakta

= % Results

& & Gl Insert...
|

iy 3P r and Hide Al

s é Isosurrace:

: @ Particle Studies

@ Computational Domain
- Fluid Subdomains

Eﬁ Boundary Conditions
l* Goals

- ? Drag

B Life

[ﬁE Mesh

Br

<> Surfe  pelete Al

% Flow Trajectories

= Rack Car (Initial Black (1)
— [ @I % SOFS

#-{A] Annatations

Selection ~

L |Face<l=@Whesl-4 &
Face=Z>@Wheel-4 =
Fare <3 >@Wheel-4
Face <4 >@Wheel-4
Face <5 >@Wheel-4
[Faresfiz@wheekd

[Juse all Faces

v

b

Display

E| Contours
|@| Isolines
|z| Veckors

|@| Mesh

“

! Options

“

i Region

Migw Setting:

e @ Lights, Cameras and 3§
[ <‘>. Front Plane
% ¢ Top Plane
I \<‘>. Right Plane
Crigin

%
%
%
%
%
%
%

F—

)

=

Mates

| PP
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14 Surface plot results.

The Surface Plot displays the pressure distribution on the selected model faces or
SolidWorks surfaces.

Rotate the model in the graphics area to view the surfaces and their color.

Note: The drag force is equal to the pressure multiplied by the area. You can see in the
Surface Plot that rounding off the nose of the body results in a much smaller area
of high pressure. This means we have reduced the drag force on the body of the
Race Car. Adding a front wing would reduce the high pressure in front of the
Wheels and provides a down force for the Race Car.

@,s_nlmwndgs;lﬁg Edit View Insert Toos FlowSimuation Window Help Ql[‘]-@-ﬁ- B2 --DOx
il = .
) o § bF =) © i ) ot
- Insert Linear Maove Assembly Reference G 5
Edit i Smart oo enent | SHOW | Eolt e Geometr | MNew | Eil of | Exploded
Component ek "' Fasteners i Hidden Y| Motion | Materials | View
- Components - - Study

Assembly [ Layout | Sketch | Evaluate | Office Products | Flow Simulation |
101700 SUYHE F-oo- @ B-E-
101620
101540
101460
101380
101300
101220
101140
101060
1005880

5 100800
r|Pressure [Pa]

Under Defined  Edting Assemly (2] D
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Interpreting the Results

15

Note:

Lesson 5: Analysis

101700
Red indicates areas of high pressure. Blue 12152
indicates areas of low pressure. By looking at the e
Surface plot we can see that the pressure is 101380
highest on the front of the Initial Car Block and 121323
the front surface of the front wheels. 101140
Hide the Surface plot. 1232:2
Right-click Surface Plot 1. 100800

Fressure [Fa]

Click Hide. This hides the Surface plot so we can
more easily see the flow trajectories.

Click Show to display the Surface plot.

Flow Trajectories

Tip:

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.

% Results
ﬁEE Mesh
= Bk Cut Plots
& CutPlat 1
&2 CutPlat 2
{23 3D-Profile Plots
= {) Surface Plots

& Isosurfaq_ Edit Defin
% Flow Traj
5t and

Particle 5

-
{3 3D-Profile Plots
= {) Surface Plots
{) Surface Plot 1
é Isosurfaces

@ [l R ——
@ Particle%
T vy plots

& Paint Parameters
@) Surface Parameters

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

Inserting a flow trajectory.
Right-click Flow Trajectories
in the Flow Simulation analysis tree.

Click Insert. The Reference options
is active.

Right-click Clear Selections in the

Selection box.

Click the ten fla surfaces of the Race
Car Block.

Click the face of the four Wheels.

Enter 50 for the Number of
trajectories.

EN £
wr ) [ asiMumber of Trajectories
Gl

| Face: e Car B RS
Face<2»@Race Car Bl
Face<3»@Race Car Bl
Face<4:»@Race Car Bl
Face<3>@Race CarBl

[FararBni@iBana Car B |

Viewing the Results
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Select Line with Arrow from the Draw =

=

trajectories drop-down menu.

Click OK from the Flow Trajectories
PropertyManager.

2 View the flow trajectory.
This type of display helps visualize how the air flows

Constraints

around the car.

Rotate the model in the graphics area to view the

turbulence around the front wheels and behind the block. T & EN

Flow =
Simula. ..

&

Flow
mulati...

Note: Click the Flow Trajectories tool in the Simulation I
0

toolbar to insert a new trajectory.

3 SaVe th e d ocument. Flow Trajectories

Insert Flow trajectories

5l
%

Click Save from the Menu bar toolbar.

@Snlidkas | File Edit View Insert Tools Flow Simulation Window Help Qll:] B = 2 - - 00X

.
HPressure [Pa]

i

el

B B iE & ) 5 il
o T Nee | o | sy e ) | et | el sk
t Fasteners Hidden Motion | Materials View
- - - Components - - Study
Assembly | Layout | Sketeh | Evaluate | Office Products | Flow Simulation | ™

Tor700 QWS WS- oo @ - -
101620
101540
101460
101380
101300
101220
101140
101060
100980
100900

[T _Model [ Mofion Study 1

Solidworks Premium 2003 L!nder Defined  Editing Assembly m
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Experiment With Other Flow Trajectories

There are two ways to experiment with flow trajectories:

m Edit the definition of the existing plot
m Insert a new plot

If you create multiple flow trajectories, you can display
them one at a time or you can display several at the
same time.

We will create some other flow trajectories.

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.

Viewing the Results
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= {) Surface Flots
: {) Surface Plot 1
& Isosurfaces
= % Flows Trajectories
£

@ Particle Stuc

T v Plots

A Foint Param
@) Surface Par:
Yolume Par
e .

Edit Definition.

lear and Hide
Anirnate. ..
Clone
Delete

= {) Surface Plots
{) Surface Plot 1
{:\, Isosurfaces
= @ Flow Tratzztoios
% Floy
@ Particle £
T v plots

Show &ll
Clear and Hide Al

Starting Points Al
8@
[j:a [Fight Plane

a8 |

'E/I; |@m

4

E| g_zuu

3

[
(][ =] [«]

5 [ EE—

X 2 -

gyt U 0.00

Use CAD geometry
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windon e -ﬂ-lD-ﬁ‘~-- 8 2--0Ox

bt B
Insert s Linear 5;%1: Maove | S%w Assembly Referenoe | New | Blﬂ oF Expl%ed
it Components Compon... o Component Hidden Features Geometry Motion | Materials|  View

- - - Componenb - - Study Sketch
: -8 %

aay @@ﬁé‘ve&@-

101700
101620
101540
101460
101380
101300
101220
101140
101060
100980

100900
Fressure [Pa]

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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Enter 50 for the Number of trajectories.
Select Lines from the Draw trajectories drop-down

menu.

Click OK from the Flow Trajectories

PropertyManager.
Tip:

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

Lesson 5: Analysis

*»

Starting Points

Options 3
8-

5t v

N I

d U om
Use CAD geometry

@Suliderklena Edit Vew Insert Tools FlowSmuation Window Help Q{D-B-H- B 2--0A%

» = 3
e [N 11 & & ) i ! 3
Insert Mate Linear Comart Move Show Assembly Reference ol W S e B R s
Components Compon... e Component Hidden Features Geometry Motion | Materials View
= i =+ Compaonents - - Study
Assembly [ Layout | Sketch | Evaluate | Office Products | Flow Simulation | & %

101700
101620
101540
101460
101380
101300
101220
101140
101080
100980

. 100800
r|Pressure [Pa]

it

A

*Isometric

QaSHE-D-ow- @ H-E-

Model | Motion Study 1

| Salidiarks Premi

Under Defined _ Editing Assembly
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Quantitative Results

Note:

160

Engineering Design and Technology Series

The flow trajectories reveal several conditions:

m  The red color of the trajectories on the front body of the Race Car assembly
indicates an area of high pressure. This pressure will effect the speed of the
Race Car.

m  The flow trajectories behind the wheels are fairly smooth indicating a lack of
turbulence.

Hide all Flow Trajectories.

Right-click the Flow Trajectories folder.

Click Hide All.

Save the document.
Click Save [l | from the Menu bar toolbar.

é Isosurfaces

D @ Flow Tr“'"'I'"'“t
] _@, Pl Inser

= v I
-_@’ Flo o Al
@ Partlcle Clear and Hide Al

E LrBlots Delete Al
o Paint Par

The preceding examples of @ an Loaﬂiﬂ:ﬂl:ad [ o @]
Surface plots and Flow &l B2 . @a®

trajectories are excellent fice Froducs | Flow 33

tools for visualizing how air
flows around a body. Goals
However, they are more Select gosls
qualitative than quantitative. '
Let’s move on to a more
quantitative interpretation of
results.

Goals
Generate goals plot

Goal filter:
|2 v|

Flot options
Abscissa

Microsoft® Excel is needed
for the next section.

T
| Iterations “ |

Template:

Cr.eate a Goals plot. e ot @
Click the Goals tool

from the Flow
Simulation tab. The

Goals dialog box is displayed.
Click the Add All button.
Click OK.

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.

[ 0K J[ Cancel ][ Help ]
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lterations: 137
Analysis interval: 43

=l goats1 EBX
- A I B | ¢ D E ' F ' G =l
1 Race Car.SLDASM [Initial Block (1)]

=

I Goal Name Unit Value Averaged Value |Mini Value |Maxi Valu
EN Dirag [6] -150.3421046 -160.193293 -150.3421045 -160.07 3654
Eall Lift [p] 10.01262452 9 523955331 9207361951 10.0916455
El

10|

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 -150.34 grams.

The correct way to state the results is tosay we have a drag force of approximately
150.34 grams-force and a downward lift force of approximately 10.01 grams-
force.
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Changing the Design Iiﬁlfl'lﬁl’:"'I
Based on the analysis of the Race Car (Initial Block) [ mesie-

i v Automatic Rebuild
= @ Inp

assembly configuration using SolidWorks Flow T Rebid
Simulation, we conclude that the shape of the body can s
be greatly improved. E Elr:rtﬂconefniwgpulc::i;H
The easiest way to redo an analysis is to clone the e Bl Dy
SolidWorks Flow Simulation project we created forthe | = B8 Re:  pasic tesh coor...
Initial Block design. This way we don’t have to repeat {ﬁg L

the work of adding the goals and defining the W

Computational Domain, but we can not reuse plots
were new features were created on the final Default
Race Car configuration.

(23 3D-Profile Plots

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 whenthe cut features andfillets were applied
to the body. Therefore, we must redefine the reference before we can display any
plots. The Axle part was also modified in the Initial Block configuration to fix the

assembly.

4 Clone the Project. : :
Right-click the Initial Block (1) Clone Project EPIX
configuration in the Flow Simulation O Create new
analysis tree. & Add to existing

Click Clone Project.

Cllck Add to eXiSting. .Existing configuration;

Drefault v
Select Default for Existing configuration. Eﬁ\k\&w i
Check the Copy results box. Lok ][ Cancel J[ Heb

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

Click No.
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Note:
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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.

ﬂ Solver: Default{Race Car.SLDASM)

File Calculation Wiew Insert Window Help

» BB 2 ?

&

@ =
»
@ Run | Load/Unload &

N

x 3

Results &
-

fice P

riducts | Flow Simulation

Run
Solve the defined task

Run

Startup

Mesh s
Solve
(® Nawcalobiation

CPL and memaory usage

[t This computer (LAD session. 8
Use [g | CPUE

Results processing after finishing the calculation
Load results

Batch Results.

21X

e

ke previous results

EEX

B Log [’-_“El@
| Message | Iterations Date Parameter | value
| Mesh generation started 111:32, Jan 13 Fluid cells 72366
| Mesh generation normally finished ) Jan 13 Partial cells 3393
Preparing data for calculation ) Jan 13 Tterations 160
Caleulation started 0 ) Jan 13 Last iteration fini... 1422115
| Calculation has converged sincet... 159 1422115, Jan 13 CPU time per last,, 00:00:03
Goals are converged 158 Travels 1,86367
Caleulation finished 160 1422125, Jan 13 Tterations per 1k, &5
Cpu time: 0:6:25
Calculation time left 0100
Status Solver is finished,
< >
‘Warning Comment
ho warnings
| LS 2
Li Ji Bl Lea
Ready

Changing the Design
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Examine the Results
1 Load the results.

Click the Flow Simulation analysis tree [&] tab.

= @ Race Car Configuration(s) (D

figur?

o Simulation analysis tree

Examine the results for the Default configuration.

The Default configuration is the final configuration

(e 1__[@ Default <Display State-1=

M8 Final<Display State-3= [ F
P Initial Block (1) <Display 54
LB TInitial Block=Display State

164

of the Race Car assembly.

GplSelidWorks jj P Edt Vew Insert Took FowSmaton Window Help Q[D - FAe-H-8 2= A0%

i Wi d 2 ) = Pi;

N iz By @ 8,4 8 2 & =

[ mew E General | gy Run Lomload & (} pasre g
= &

5 Settings
Clone Project @ = Ea - 2 -

Assembly | Layout | Sketch | Evaluate | Office Producls | Flow Simmaﬁon]

@5 /8)=|
l@ Default -
C—J ﬁ Input Data

i @ Computational Dormai
Fluid Subdomains
Eﬂ Boundary Conditions
B-F Goals
& Drag
B Lt
= 96 Results
i ﬁ Mesh
=45 Cuk Plots X
¥ cutPlocl
¥ CutPlotz
& 30-Profile Flots
EIO Sutface Plats
: @ Surface Plok 1
& Isosurfaces
= % Flow Trajectories

i % Flow Trajectaries

: % Flow Trajectorie:

H % Flow Trajectories
3 Particle Studies

: @ %4 Plats v

AASAE T @ 2-E-

Solidiorks Premium 2009

Under Defined

E\:_litir!g A'ss_emhly' (7] @

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

Click Insert.

Click Isometric view from the Heads-up View
toolbar.

= {) Surface Flots
; : @ Surface Plot 1
{:\. Isosurfaces

rﬂ@Flow"' — 1
"
S| Showal

s Delete al

S Partics
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Click the front face of the Race Car.

Extrudez of Race Car Blocke1>]

Enter 50 for the Number of —
trajectories. - Lol

*»

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.

Use CAD geometry
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2 Modify the Flow Trajectory Tsonty IS
Pl | =
Place your mouse pointer over 121 gjg Prese X| &=
. . =
Pressu-re (Pa) in the Graphics i e s =)
area as illustrated. 101380 Dehsit
. . 101300 X-velocity
Click Pressure (Pa). View the - Lok
- 101140 M ach Mumbs
drop dOWl’l menu. Hea:tTr:r:gf:Emafficient
1. k A 101060 Shear Stress -
Surface Heat F
Click Velocity. | e it Mass Fracion %
Click the green check mark. :Lta{bumﬂ
View the new Flow Trajectory
Plot.
@SnlidWorks I File Edit View Insert Tools FlowSmulation \Window Help (& { |__| - Lj'} - H - B ? - - A X
B LY (44 = % 5 o ' .
Insert & Linear e Mave g Assembly Reference New Bllof | Exploded Explode %
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3 Hide all Flow Trajectories.
. . . _ &y Isosurfaces
Right-click the Flow Trajectories folder. = B8 Flow Trajectaties ‘
. . % Flow T Insert...
Cllck Hide All. ; @Flow"
% Flow | gow Al
4 Save the document. & ?tfl'ms“t Clear and Hide &l
. & article Sty
Click Save [ig] from the Menu bar toolbar. Bl xrpios | Delete Al
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Microsoft® Excel is needed
for the next section.

Create a Goals plot.

Click the Goals | # | tool
from the Flow
Simulation tab. The
Goals dialog box is
displayed.

Click the Add All button.
Click OK.

Excel spreadsheet.
Microsoft® Excel is
launched and a spreadsheet
opens. Pay particular
attention to the first three
columns. They show the

Goals

Select goals

SolidWorks

Engineering Design and Technology Series

B Run ||Load/Unload
Results I
=

fiice Products

a &

Generate goals plot

& BES
Flow .z,
| Simula... * J
L . HE

Goal filter.

i

Remave Al

4l |

Flot options
Abscizsar

| Iteratians » |

Template:

[ o

J[ Cancel ][

Help ]

name of the goal, the units (gram-force, in this case) and the value.

= goals1

Iterations: 137
Analysis interval: 43

A | B c | D | E | F [ &
1 Race Car.SLDASM [Default]
7 |
Z Goal Name |Unit [Value Averaged|Mini VaMaxi Progre{Use In Con|Delta
| 4| DOrag [B] 51 77667378 -61.94763| -62. 2701506 -61.747739]  100|Yes 0.13760E
50 Lift [b] -2B B2101293 | -26 27734 | -26 B39RBE3| -25 419734]  100|Yes 0448422
B
10
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A | B | D [ E F G =
1 Race Car.SLDASM [Initial Block (1)]
[ 2]
I Goal Name Unit Value Averaged Value |Mini Value |Maxi Valu
4 | Drag (1] -150.3421045 -150.193293 -150.3421045 -150.073654
250 Lift [p] 10.01262452 9.823998331 9.207361391 10.0916483
E lterations: 137
10 Analysis interval: 43

A B C O B F G H 1 =

i Race Car.SLDASM [Default]
E
555 Goal Name |Unit [Value Averaged|Mini VgMaximum \ProgreiUse In Con|Delta
4 | Drag [p] -B1.77667375 | -61 94705 | 6227015806 -61.747739 100|Yes 0.13760F
iatl] Lift [p] -26.62101293 | -26 27734 | -265.8396063 | -25.419734 100|Yes 0.44842
E Iterations: 137
10 Analysis interval: 43

The drag value for the new design is 61.77 grams-force. The drag value of the
original block was 150.32 grams-force.

Percentage Improvement

To find the percentage of improvement use this formula:

(InitiaIVaIue —FinalValu

e —
nitialvalue ) x 100= PercentageChange

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

The changes yielded about a 58.91% improvement in drag!

What About Lift?

It is interesting to note that the Initial Block design had a upward lift force of
approximately 10.01 grams-force. The modified design has an downward lift force
of about 26.62 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.
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Save the document.
Click Save from the Menu bar toolbar.

Close all models and dialog boxes.
Click File, Close.

More to Explore

170

Using what you have learned, explore some additional design modifications. Or,
better yet, start developing your own car body design. Using SolidWorks Flow
Simulation as a virtual wind tunnel, you can experiment with many different ideas
and approaches before you ever commit to cutting wood.

Browse the Internet for ideas about designing your car. One excellent source is:

http://www.science-of-speed.com

Click on Showroom.

With SolidWorks and SolidWorks Flow Simulation together you can easily
explore many design variations. Have fun!
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SolidWorks Flow Simulation

During this short session on using SolidWorks Flow Simulation, you have had a
brief exposure to the main concepts of fluid-flow simulation. SolidWorks Flow
Simulation gives you insight into parts and assemblies related to fluid flow, heat
transfer, and forces on immersed or surrounded solids.

The only fluid-flow simulation product fully integrated with SolidWorks,
SolidWorks Flow Simulation is incredibly easy to use; you simply tell the
software what you’re interested in instead of having to translate analysis design
goals into numerical criteria and iteration numbers.

Access physical fluid models for engineering applications. SolidWorks Flow
Simulation can analyze a wide range of real fluids such as air, water, juice, ice
cream, honey, plastic melts, toothpaste, and blood, which makes it ideal for
engineers in nearly every industry.

Simulate real-world operating conditions. SolidWorks Flow Simulation
includes several types of boundary conditions to represent real-life situations.

Automate fluid-flow tasks. SolidWorks Flow Simulation utilizes a number of
automation tools to simplify the analysis process and help you to work more
efficiently.

Interpret results with powerful and intuitive visualization tools. Once you
have completed your analysis, SolidWorks Flow Simulation offers a variety of
results visualization tools that allow you to gain valuable insight into the
performance of your model.

Collaborate and share analysis results. SolidWorks Flow Simulation makes it
easy to collaborate and share analysis results effectively with everyone involved
in the product development process.

More to Explore 171



Lesson 5: Analysis SolidWorks
Engineering Design and Technology Series

172 More to Explore



	Introduction
	Using This Book
	What is SolidWorks Software?
	Prerequisites
	Conventions Used in This Book
	Before You Begin
	Add the Folder to the Design Library Path

	Designing the Race Car
	Important Design Considerations
	About Balsa
	Start SolidWorks and open an existing part
	Extruded Cut Feature
	Create the Front Wing
	Create the Rear Wing
	Insert Fillets
	Create an Assembly
	Insert Mates
	Calculate the Weight of the Race Car
	Calculate the Overall Length of the Race Car
	Create an Exploded view
	Race Car Dimensional Requirements

	Create an Assembly Drawing
	Drawings
	Create an Assembly Drawing
	Create a Bill of Materials.
	Add a Sheet to the drawing.
	Insert a Front, Top, and Right view using the View Palette.
	Insert a Right Drawing View Dimension.


	Open a Part from the Assembly
	Create an Exploded Assembly view

	PhotoWorks™
	PhotoWorks
	Activate PhotoWorks
	Create a Configuration for Rendering
	Appearance
	Rendering
	Modify the Appearance
	Scenes
	Decals
	Position the Decal.

	Edit the Decal
	Output Options
	Render to a Printer
	Rendering to a File
	File Types
	Methods to Increase Rendering Quality
	How Many Pixels to Render
	Dpi Versus Ppi
	Calculating Correct Number of Pixels
	Example #1
	Example #2



	Analysis
	Modify the Rear Wing
	Calculate the new Mass
	Apply the Measure tool
	Stress Analysis of the Axle
	Design Analysis
	Stress Analysis
	User Interface
	Analyze the Axle-A Part
	Open the Axle-A Part

	SolidWorks SimulationXpress
	Systems of Units
	Running SimulationXpress and Setting Analysis Options

	Assigning Material
	Assigning Material

	Applying Restraints
	Applying a Restraint

	Applying a Load
	Applying a Load

	Running the Analysis
	Running the Analysis

	Viewing Results
	Interpretation of factor of safety values:
	Viewing the Results

	Optimizing the model
	Stresses
	Stress Distribution
	Animating the Stress Plot

	Save the Analysis Data and Close SimulationXpress
	Modify the Axle-A Material
	Run the Optimization process
	SolidWorks Flow Simulation
	What is SolidWorks Flow Simulation?
	Fluid Flow Analysis
	Why Do Design Analysis?
	Check Before Using SolidWorks Simulation Flow


	Let’s Analyze the Initial Race Car Block
	Create a Simulation Flow Project
	Gram-force

	Computational Domain
	Modifying the Computational Domain

	Setting Goals
	Running the Analysis

	Viewing the Results
	Accessing the Results
	Interpreting the Results
	Flow Trajectories
	Experiment With Other Flow Trajectories

	Quantitative Results
	Units, Values, and Interpreting the Results

	Changing the Design
	Examine the Results
	Quantitative Results
	Percentage Improvement
	What About Lift?


	More to Explore
	SolidWorks Flow Simulation


