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Lesson 1
Introduction

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

m Describe the relationship between Parts, Assemblies and Drawings,

m Identify the principal components of the SolidWorks user interface and
toolbars;

m |dentify the function of each mouse button when using SolidWorks.
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Using This Book

The CO, Car Design Project helps you learn the principles of testing
aerodynamic performance using SolidWorks and Flow Simulation as an integral
part of acreative and iterative design process.

You will be learning by doing as you complete these phases of the project:

m Establish abaseline, or control car for aerodynamic testing. This car uses the
unmodified blank as the body. The aerodynamic performance of the control
car will serve asareference for comparing and ng the effects of
changes to the car body’s shape.

Set up awind tunnel problem using Flow Simulation.

M ake modifications to the body of the car and rerun the aerodynamic testing.
Create your own car body design and test it in the virtual wind tunnel.
Refine the design of your car body based on the results of the aerodynamic
testing and retest it.

Create fully detailed drawings of your car design.

m Create an exploded view assembly drawing complete with a bill of materials.
m Create aphotoredlistic rendering of your final car design using PhotoWorks.

What is SolidWorks Software?

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

SolidWorks is used by students, designers, engineers and other professionalsto
produce simple and complex parts, assemblies and drawings.

Prerequisites

Before you begin the CO, Car Design Project you should complete the following
online tutorials that are integrated in the SolidWorks software:

m Lessonl- Parts
m Lesson?2- Assemblies
m Lesson 3 - Drawings

You can access the online tutorials by clicking Help, Online Tutorial. The online
tutoria resizes the SolidWorks window and runs beside it.

Using This Book 2
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Asan 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 6: Drawing Basics

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

Convention

M eaning

Bold Sans Serif

SolidWorks commands and options appear in this style.
For example, Insert, Boss means choose the Boss option
from the Insert menu.

Typewriter

Feature names and file names appear in this style. For
example, Sketchl.

17 Do this step.

The steps in the lessons are numbered in sans serif bold.

Before You Begin

If you have not done so aready, copy the companion files for the lessons onto
your computer before you begin this project.

1 Start SolidWorks.

Using the Start menu, start the SolidWorks application.

Conventions Used in This Book
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2 SolidWorks Content.

Click Design Library | to open the Design

Library task pane.

Click on SolidWorks Content to show the

folders below it.

Click on SolidWorks Educator

Curriculum.

Click CO& Car Design Project.

Note: There may be more curriculum folderslisted
in addition to the COR Car Design Project.

The lower pane will display anicon
representing a Zip file that contains the
companion files for this project.

3 Download the Zip file.

Press Ctrl and click theicon.
You will be prompted for afolder inwhichto

savethe Zipfile.

Ask your teacher where you should save the
Zip file. Usually the C:\Temp folder isa

good location.

Tip:  Remember where you saved it.

Before You Begin

e a0 E

Lesson 1: Introduction

Design Library 1)
S

= @ Solidworks Content
J Blocks
+-I Routing
=\ Solidwarks Educatar Curriculum

-4 ar Design Project

) Weldments
+ ﬁ Design Library
? Toolbax
+ ° 30 ContentCentral

02 Car
Design Project

Browse For Folder &J

Please select a folder to download the ZIP file to:

J SolidWorks Training Files a
» . SolidWorks World 2011 - Motion Drin

J System Volume Information
)| L temp

. Training Templates

. User Group

» 1) Users
4 m 3

Eolder:  temp

Make Mew Folder I [ OK H Cancel
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4

Tip:

Open the Zip file.
Browse to the folder where you saved the Zip file in step 3.

Double-click the CO2 Car Design Project.zip file.

C2) WinZip - SW_C02_Car Files_2010zip SRRCN X

File Actions View Jobs Options Help

D 4 [ By Ry & 8 @ 7 @ B

New Of‘JEH Favorites Add Extract Mail éncrypt View CheckOut  Wizard  View Stylg
Address - ﬂ ;'3 E" 1=
Folders X & Name Type ‘ Modified Size Ratio Packed

E0) [SW_CO2_Car Files 2010.zip] Images Folder 5/24/2010 1:48 PM

#| CO2 Car Blank.sldprt ~ SLDPRT File  4/20/2009 2:00 PM 287,232  65% 100953
#| CO2 Cartridge.SLDPRT SLDPRT File  4/20/2009 2:00 PM 264,704  46% 144133
#| Floor.SLDPRT SLDPRT File  4/20/2009 2:00 PM 134656  69% 41,290
#| Front Wheel. SLDPRT ~ SLDPRT File  4/20/2009 2:00 PM 380120  43% 221481
#| Marrow Wheel SLDPRT SLDPRT File  4/20/2009 2:00 PM 413184 42% 241179
#| Rear Wheel. SLDPRT SLDPRT File  4/20/2009 2:00 PM 455168 36% 282131

Folder: \ Total & files, 3,308KB 00

Click Extract. R/
Browse to the location where you want to save thefiles. The systemwill [+
automatically create afolder named CO2 Car Design Project in i
whatever location you specify. For example, you might want to save it in My
Documents. Check with your teacher about where to save the files.

You now have afolder named COR Car Design Project on your disk. The data
in this folder will be used in the exercises.

Remember where you saved it.

Add the Folder to the Design Library Path

2

The Design Library is a convenient way to access the parts used in the exercises.
It is more efficient than using File, Open and browsing for afile. All that is
necessary isto add the CO2 Car Design Praoject folder to the search path of the
Design Library.

Task pane.
Click Design Library | to open the Design Library task pane.

Add folder.
Click Add File Location i .

Browse to where you extracted the companion filesin step 4 on page 5.
Select the folder CO2 Car Design Project and click OK.

Before You Begin 5



SolidWorks Lesson 1: Introduction
Engineering Design and Technology Series

3 ResultS . Design Library 4=
The contents of the CO2 Car Design @ @ o B
Project folder will now be accessible

- Bfl Solidworks Content

—_— ﬁ Design Library
through the Design Library task pane. @ o Do

(2 L Images

= | [ Analysis Library

m ? Toolbox

[
o}

+ o 30 ContentCentral

[

G s =

COZ Car Blank COZ Cartridge Floor

@ ® @

Front Wheel Marrow Wheel Rear Whesl

L

Irnages

Before You Begin
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Lesson 2
Exploring and Assembling the Car

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

m  Describe three factors important to the performance of a CO,-powered
dragster;

m Calculate the area of asolid’'s planar face;

m Calculate the volume of a solid, and, when given the density, calculate the
mass,

m Create anew assembly;

m Insert components,

m Add mating relationships between components.
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What is Important When Designing a Dragster?

Within the framework of the contest specifications, there are three factors to keep
in mind when it comes to building a winning dragster. These are:

m Friction

Energy used to overcome friction is energy that isn’t being used to accelerate

your dragster. Sources of friction include:

» Wheels and axles: if the wheels do not spin freely, the dragster will be slow.

» Misaligned axles: if the axle holes are not drilled perpendicular to the
centerline of the dragster, the dragster will have atendency to turn to the | eft
or right. Thiswill cost you speed.

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

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

m Mass
Sir Issac Newton's Second Law of Motion states that Force = mass x
acceleration. There isafinite amount of thrust (or Force) 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 dragster is one
way to build afaster car. Keep in mind that the contest specifications may
stipulate a minimum mass for the vehicle.

m  Aerodynamics
Theair exertsaresistance, or drag, asthe dragster triesto move through it. To
minimize drag, your car should have a smooth, streamlined shape.

Of these three factors — friction, mass, and aerodynamics —we will explore two:
mass and aerodynamics, during this project.

What is Important When Designing a Dragster? 8
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About Balsa

Balsatreesgrow naturally inthe 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
asfar as Balivia. However, the small
country of Ecuador on the western coast of
South America, isthe world's primary
source of balsafor model building.

Balsa needs awarm 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.

Balsawood imported into North Americais
plantation grown. Don’'t worry about
destroying the rain forests by using balsa—
it grows incredibly fast. In 6 to 10 yearsthe s
treeisready 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 atree of thissize.

Use balsa wood with a clear conscience. The rain forests aren’t being destroyed
when it’'s harvested.

Start SolidWorks and Open an Existing Part

1 Start the SolidWorks application.
From the Start menu, click All Programs, SolidWorks, SolidWorks.

2 Task pane.
Click Design Library | to open the Design Library task pane.

About Balsa 9
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3 Openthe CO2 Car Blank.
In the Design Library, click on the folder
CO2 Car Design Project.

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

Drag and drop the part named CO2 Car
Blank into the graphics area of the
SolidwWorks window.

4 Rollback the FeatureManager design tree.

Design Library 4=

W @ O B

@ Solidwiorks Content
ﬁ Design Library
= ﬁ C02 Car Design Project
@ Irnages
f’ Analysis Library
? Toolbox

- @ 30 ContentCentral

G s =

COZ Car Blank COZ Cartridge Floor

@ ® @

Front Wheel Marrow Wheel Rear Whesl

L

Irnages

%, co2 Car Blank

Drag the rollback bar upwards to a position right before TR

(above) the Power Plant Chamber feature.

Start SolidWorks and Open an Existing Part

3= Balsa
%> Front Plane
%> Top Plane
% Right Plane
I.. Qrigin
= [[§} Stock Material
[ sketch1
Power Plant Chamber

Axle Cutouts
~. Rear Axle
“\., Front Axle

10
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5 Dimensions of the blank.
Right-click the Annotations folder and select Show Feature Dimensions
from the shortcut menu.

70

42

zZ0

6 Turn off the dimension display.
Select Show Feature Dimensions again to turn off the dimension display.

Determining the Mass of the Blank

Mass is the amount of matter an object has. Calculating the mass is done by
multiplying the density of the material times the volume of the object. So, to
determine the mass of the car body blank, we need to know two things:

m Thedensity of the materid, in this case, balsawood
m  Thevolume of the blank
Density

The density of balsawood ranges from 100 kg/m® to 300 kg/m? depending on a
number of factorsincluding where the tree was grown, how old the tree was when
it was cut, what part of the tree the wood was cut from, and how dry the wood is.

Typical, medium-density balsawood isin the range of 140 kg/m® to 192 kg/m?.
In this example, we use a density of 160 kg/m?®.

Determining the Mass of the Blank 11
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Calculating Volume

The car body blank is atrapezoidal prism. To calculate the volume, multiply the
area of the trapezoid by the depth of the prism.

T

70

42

zZ0

Area of a Trapezoid
A trapezoid isaquadrilateral (a4-sided figure) with exactly one pair of parallel
Sides.
To determine the area of atrapezoid:

1. Addthelengths of the 2 parallel sides.
2. Dividethe sum by 2 to get the average length of the parallel sides.
3. Multiply this by the distance between the parallel sides.

i r T

i "
This can be written as; area = hx (bl;zbz)

where bl and b2 are the two parallel sides and h is the distance between them.
Substituting the dimensions of the car body blank, we get:

20mm+ 70m

area = 305mmx( > m) = 305mmx 45mm = 13,725mm?

Determining the Mass of the Blank 12
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Checking Our Math

SolidWorks has tools for measuring values such as length and area as well as for
calculating volume and mass.

7 Measure.
Click Tools, Measure, or click Measure
(8] on the Tools toolbar.

Select the trapezoidal face of the car body
blank.

The areais given as 13,725 mm?, which
matches our calculation.

Area 137 25milimeters"2

Perimeter: | 704 07mm

8 Close the dialog box. Measure - CO2 Car Blank.sldprt =]
Right-click in the graphics area and select Close s L - @ -|E
Measure Dialog from the shortcut menu. Or, click
the “Xx” in the upper right corner of the dialog box.

Area: 13725mm 2
Perimeter: 704.07118921mm

Volume of a Trapezoidal Prism

To calculate the volume, multiply the area of the trapezoidal face, 13,725 mm2, by
the depth, 42 mm, which we saw in step 5. Thus:

13,725mm? x 42mm = 576,450mm°

Determining the Mass of the Blank 13
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9

SolidWorks mass properties
calculations.

Click Tools, Mass Properties, or
click Mass Properties [z on the
Tools toolbar.

A window appears giving al sorts of
information about the part, including
its volume.

Notice the volume equals 576,450
cubic millimeters. This matches our
calculations.

The massis 92.23 grams.

Why is the Density 0.00?

10

By default, the precision of the unitsin
this part are set to two decimal places.
That means a density of 0.00016 is
displayed as 0.00. This does not effect
the accuracy of the calculations, only
the display of the results.

The number of decimal placesin the
report can be changed.

Options.

In the Mass Properties report window, click

Options.

Click Use custom settings.

Under Decimal places, change the number to 5.

Click OK.

Determining the Mass of the Blank

Lesson 2: Exploring and Assembling the Car

B} Mass Properties

= —t3—

dose | [ options... | [ Recalaulate |

[ et |[ copy ||

Output coordinate system: - default — -

Selected items: CO2 Car Blank, SLDPRT
Indude hidden bodies/components
Show output coordinate system in corer of window

|:| Assigned mass properties

Mass properties of CO2 Car Blank { Part Configuration - Default )
Output coordinate System: — default —
Density = 0.00 grams per cubic milimeter
-
Mass = 92.23 grams
Wolume = 576450.00 cubic milimeters

\Surface area = 57020.99 square milimeters

Center of mass: { milimeters )
X =0.00

Principal axes of inertia and principal moments of inertia: ( grams * square milimeters )
Taken at the center of mass.

I =(0.00, 0.08, 1.00) Px = 33783.59

Iy = (0.00, -1.00, 0.08) Py = 659357.83

Iz = (1.00,0.00,0.00) Pz = 666066.88

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

Lxx = 666066.68 Lxy = 0.00 Lxz =0.00
Lyx = 0,00 Lyy = 654348.24 Lyz = -52573,03
Lzx =0.00 Lzy = -52573.03 Lzz = 38233.13
Maoments of inertia: ( grams * square milimeters )
Taken at the output coordinate system.
Ixx = 79641147 Ixy =0.00 Ixz = 0.00
Tyx = 0.00 Tyy = 728502.26 Iyz = -117204.10
Izx = 0.00 Tzy = -117204.10 Izz = 95023.70

Mass/Section Property Options

S

Units
[ scientific Notation
_) Use document settings
@ Use custom settings
Length: Decimal places:

Millimeters A 5| I;I

Mass:

arams -

Per unit volume:
milimeters~3 =

Material Properties

0.00015999 g/mm~3

Accuracy level
Lower (faster)

U

Higher (slower)

[ OK ] I Cancel I I Help I

14
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11 Updated results.

The values in the report window are automatically updated to display with five

decimal places.

Lesson 2: Exploring and Assembling the Car

Ef Mass Properties

= [t

l Print... “ Copy ” Close I[ Options... H Recalculate J

Output coordinate system:  — default —
Selected items: CO2 Car Blank.5LDPRT

Indude hidden bodies components
Show output coordinate system in corner of window

D Assigned mass properties

Output coordinate System: - default —

(Dansit\,' = 0.00016 grams per cubic milimeter ]

Mass = 92,22618 grams

WVolume = 576450.00000 cubic milimeters
NG

Surface area = 57020.98935 square milmeters

Center of mass: ( miimeters )
X =0.00000
¥ =24.81481
Z=-28.24074

Taken at the center of mass.
Ix = (0.00000, -0.08433, 0.99649)
Iy = (0.00000, -0.99644, -0.08433)
1z = (1.00000, 0,00000, 0.00000)

Moments of inertia: { grams * square millmeters )

Lix = 666066.87601 Lxy = 0.00000
Lyx =0,00000 Lyy = 654948.24498
Lzx = 0.00000 Lzy = -52573.03254

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

Tnx = 796411,46679 Ixy = 0,00000
Tyx = 0.00000 lyy = 728502.25833
Izx = 0.00000 Tzy = -117204. 10006

Mass properties of CO2 Car Blank ( Part Configuration - Default )

Principal axes of inertia and principal moments of inertia: { grams * square milimeters )

Taken at the center of mass and aligned with the output coordinate system.

Px = 33783.54433
Py =659397.82775
Pz = 6566066.87501

Lxz = 0.00000
Lyz = -52573.03254
Lzz = 38233.12710

Ixz = 0.00000
Iyz = -117204. 10006
Tzz = 95023.70447 -

12 Close.

Click Close to close the report window.

What About the Hole for the CO, Cartridge?

The car body blank used when writing this book has a hole predrilled for the CO,
cartridge. To accurately determine the volume and mass of the blank, this has to
taken into account. That is, the volume of the hole has to be subtracted from the

volume of the blank.

Rather than deal with more complicated mathematics, we will use SolidWorksto

do the calculation.

Determining the Mass of the Blank
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13 Roll forward.

Drag the rollback bar downward to the position right below
the feature named Power Plant Chamber.

14 Repeat the mass property calculations.
Click Tools, Mass Properties, or click Mass Properties

| on the Tools toolbar.

The report window now indicates a mass of 89.66280
grams and a volume of 560,427.87747 cubic millimeters.

Mass Properties = —ES—
P

I Print... H Copy “ Close “ Options... “ Recalculate ]
Output coordinate system: - default — -
CO2 Car Blank. SLDPRT
Selected items:

Indude hidden bodies/components
Show output coordinate system in corner of window

[] Assigned mass properties

Mass properties of CO2 Car Blank { Part Configuration - Default ) -

Output coordinate System: -- default -

rDens\ty' = 0,00016 grams per cubic milimeter
Mass = 89.66280 grams

\ Volume = 560427.87747 cubic milimeters

Surface area = 60225.41445 square milimeters

Center of mass: ( milimeters )
X = 0.00000
Y = 24.60940
Z =-25.41730

Principal axes of inertia and principal moments of inertia: ( grams * square milimeters )
Taken at the center of mass.

Ix = (0.00000, -0.08491, 0,99539) Px = 33648.0746

Ty = (0.00000, -0.93633, -0.08491) Py = 632932.90945

Iz = (1.00000, 0.00000, 0.00000) Pz = 630594.65673

Moments of inertia: ( grams * square milimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxx = 639594.65673 Lxy = 0.00000 Lxz = 0.00000
Lyx = 0.00000 Lyy = 628612.14836 Lyz = -50702.04750
Lzx = 0.00000 Lzy = -50702.04750 Lzz = 37968.83555

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

Ixx = 751822.15149 Ixy = 0.00000 Ixz = 0.00000

Iyx = 0.00000 Iyy = 686537.84191 Iyz = -106786.53284

Izx = 0.00000 Izy = -106786.53284 Izz = 92270.63675 -
| 3

15 Roll forward.
Drag the rollback bar downward to the bottom of the

FeatureManager design tree.

Determining the Mass of the Blank
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%, co2 Car Blank
+ |_£| Annotations
3= Balsa
%> Front Plane
%> Top Plane
% Right Plane
I.. Qrigin
= [ stock Material
[ sketch1
+ Power Plant Chamber

+ uts

%, co2 Car Blank
+ |_£| Annotations
3= Balsa
%> Front Plane
%> Top Plane
% Right Plane
I.. Qrigin
= [ stock Material
[ sketch1
+ Power Plant Chamber
+ Axle Cutouts

., Rear Axle

", Front Axle @
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More to Explore

Whét is the density of your balsawood blank? To find out, follow this procedure:

1. Using ascalethat is accurate to £0.1 grams, measure the mass of your car
body blank. Write the value here:

2. Divide the mass by the volume of 560,427.88 cubic millimeters that we

Mass
Volume

obtained in step 14. Remember: Density =

3. Write the value here:

Converting Units

Note:

Tip:

A quantity is made of two parts. the magnitude and the units. For example, if you
measure the length of something to be 42 mm long, then the magnitude is 42 and
the unit is mm.

The same quantity can be expressed in different ways. For example, the same
length can be stated as 42 mm or 1.65 inches. The magnitude and units change but
the quantity, that is the length, is the same. Quantities that represent the same
thing are said to be equivalent. Thisistypicaly indicated by the = sign.

Thekey to converting unitsisto understand that you are not changing the quantity
—only changing theway it is expressed. If you had 10 pennies and you gave them
to someone in exchange for a dime, you would still have the same amount of

money. Just because you went from having 10 things called pennies to having one
thing called a dime doesn’t mean you have less money. You just have fewer coins.

Let'slook at the math: 10 pennies = 1dime
We use the = sigh because the quantities are equivalent.

10 pennies_ 1dime_
1dime 1dime

Divide both sides of the equation by 1 dime: 1

By this process we have progressed from an equivalent, 10 pennies = 1dime, toa

conversion factor, 20Rennies_ 4
1dime

The best way to write a conversion factor is to have the number 1 on one side of
the equals sign.

This demonstrates that the conversion factor between pennies and dimesisjust a
specialized way of expressing the number 1.

This leads to two important realizations:

m  Thekey to converting units is to multiply by the right form of the number 1.
= When you multiply something by 1 you do not changeits value.

More to Explore 17
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Another Example

Tip:

Tip:

Suppose we want to convert 60 miles’hour to feet/second. First list the equivalents
that you know (or can look up):

m 1 mile=5,280 feet;
m 1 hour = 60 minutes;
m 1 minute = 60 seconds.

Remember that any of these can be written in reverse order. For example, 5,280
feet = 1 mile.

Now write them as conversions factors, fractions that equal 1. These are the
specialized forms of the number 1 that we can use.

5,280 feet _
| —_— =
1 mile
- 1 hour -
60 minutes
- 1 minute -
60 seconds

Now write the equation where we multiply by various specialized forms of the
number 1.

60 miles>< 1 hour y 1 minute y 5,280 feet
1hour = 60 minutes 60 seconds 1 mile

Write the conversion factors so the units cancel out. Since we started with miles
per hour, hoursisin the denominator. That means the next conversion factor
should have hoursin the numerator. Thisin turn determines the arrangement of
the next conversion factor, and so on.

Cancel out the units and two of the 60 values:

’SQmH.esX Theur y 1 miaLte ><5,280feet
Theur.  8Q minutes 60seconds’ 1-wile

This leaves us with feet per second, which is what we want:

5,280 feet _
50 seconds 88 feet per second

More to Explore 18
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So How Does This Apply to Density?

Convert the density you calculated for your balsawood blank from g/mm3 to kg/
m?2. You will need to use some or all of these conversion factors:

1 kilogram = 1,000 grams;

1 meter = 1,000 millimeters;

1 cubic millimeter = 1 millimeter x 1 millimeter x 1 millimeter;

1 cubic meter = 1 meter x 1 meter x 1 meter;

1 cubic meter = 1,000 millimeters x 1,000 millimeters x 1,000 millimeters;

For illustration purposes, we will use the density 0.00016 grams/mm?® that we
obtained in step 11 on page 15.

Write the equation where we multiply by various specialized forms of the
number 1.

0.00016 grams v 1kg y 1,0003mm3

3 1,000 grams m3

mm

33
Cancel out the units; 299016 T T 00(1) kg, 1,000 B
TR UU0 grams m

3
This leaves us with; 209016 kg x g,ooo
1,000 m

Dividing out 1,000 from the numerator and denominator give us:

2
0.00016 k93>< 1,000 whichis 1603kg
m m
You Do It

Take the density you calculated for your balsawood blank (see page 17) and using
the procedure above, convert it from grams/mm? to kilograms/m®.

Write your answer here:

Summary
= When you multiply something by 1 you do not changeits value.
m  Conversion factors are equivalents, written as fractions that equal 1.
m  Thekey to converting unitsis to multiply by the right form of the number 1.
m  Sometimes you have to multiply by several different forms of the number 1.

More to Explore 19
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Creating an Assembly
Create an assembly.

1

Note:

Lesson 2: Exploring and Assembling the Car

Click Make Assembly from Part/Assembly {8 on the Standard toolbar.

Insert component.

The Insert Component PropertyManager automatically

appears.

The cO2 Car Blank part fileislisted in the Open

documents list.

Be sure the Graphics preview option is selected.
Select the CO2 Car Blank.sldprt partfile.

Show origin.

Click View, Origins to turn on the display of the origins.

Locate component.

Move the cursor onto the origin and place the
component at the origin by placing the cursor k3
over the origin symbol. The double arrow symbol
appears when the cursor is snapping to the origin.

The part will appear in the assembly
FeatureManager designtreeas Fixed (f) .

Theinitial component added to the assembly is
Fixed by default. Once you have inserted a fixed
component into position in an assembly it cannot
be moved unless you float it.

Isometric view.

Click Isometric (@] on the Standard Views tool bar.

Save the assembly.

« ¥ 42

Message ]

Select a component to insert, then
place itin the graphics area or hit
OK to locate it at the origin.

Or design top-down using a

Layout with blocks. Parts may
then be created from the blocks.

Create Layout

Part/Assembly to Insert ]

Open documents:

Thumbnail Preview ¥
Options #

Start command when creating
new assembly

Graphics preview
[ Make virtual

Save the assembly under the name CO2 Car Baseline inthe CO2 Car

Project folder.

Creating an Assembly
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7 Add the front wheels.
Drag and drop the Front Wheel from the Design Library window into the

assembly window.

:’I‘x
Do not click OK yet. Continue with the next step.

8 Add another front wheel.
Click in the graphics areato add a second whes!.

21
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9 Add the rear wheels.
Drag and drop two copies of the Rear Wheel from the Design Library window
into the assembly window.

10 Turn off the origins.
Click View, Origins to toggle off the display of the origins.

Creating an Assembly 22
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Insert Mate

An assembly is adocument in which two or more parts and other assemblies (sub-
assemblies) are mated together. Parts and sub-assemblies are called componentsin
an assembly. Mates are used to create rel ationships 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, the Standard Mates, the Advanced Mates and
the Mechanical Mates.

Standard Mates [mate
m Coincident v R 9D
| Pal’ a”el % Mates
m  Perpendicular
Mate Selections 3
[ | Tangent .
m Concentric @f"
m Distance —
n Angle Standard Mates 3
|z | Coindident
|§|Parallel
| ; | Perpendicular
|Q\|Tangent
|Q| Concentric
|;|L0ck
||E|| 1.00mm -
|L:t| 30.00deg =
Advanced Mates S =
] Wmmetn C |E| Symmetric
s Width 18] e
m Path Mate (] Path wate
m Linear/Linear Coupler (£ tinearhinear Copler
m Distance/Angle Limit 7] 2.00mm .
”.ZJ 30.00deg =

Insert Mate 23
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Tip:

Tip:

11

12

Mechanical Mates

I ical Mates A
m Cam |9 cam
m Hinge (] inge
m Gear & ear
| Rack Pinion |£| Rack Pinion
| &reN ] |fg | screw
m  Universal Joint —
| ﬁ | Universal Joint

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

Faces

Planes

Edges

Vertices

Sketch lines and points
Axes and Origins

Mate one of the front wheels to the body of the car.
Click Insert, Mate..., or click the Mate tool [§ on the Assembly toolbar.

Selections and preview.
Select the cylindrical faces of
the axle hole in the body and
the hole in the wheel as
indicated.

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

NN R RN

The Mate pop-up toolbar
appears to make selections
easier by displaying the
available mate typesright in
the graphics area. The mate types that are available vary by geometry selection
and are the same as those that appear in the PropertyManager. Either the on-screen
toolbar or PropertyManager can be used.

Concentric is selected as the default and the results of the mate are previewed.
Click Add/Finish Mate V] to accept the Concentric mate.

When the mate is previewed, the mouse pointer changesto look like this: Q%
Clicking the right mouse button enters OK and applies the mate.

Insert Mate 24
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Planning Ahead

Now that we have the wheel mated
0 it isconcentric with the axle hole,
we have to control its position along
the axis of the hole. In other words,
how far out from the centerline of
the car body is the wheel?

At first thought it might make sense
to add aCoincident mate between
the side of the car body and the
inner face of the hub of the whed!.

However, thisis not the best strategy. A Coincident mate requires two planes,
either faces or reference planes. If we modify the shape of the car body so that the
sideis no longer planar, then the Coincident mate will fail.

A better approach isto plan ahead and use atype of mate that will define the
location of the whedl regardless of what happens to the shape of the car body. The
best mate to use in this situation is a Distance mate.

Distance Mates

Distance mates are a bit more
complicated than some other types of
mates. The reason for thisiswhen you
specify a distance between two
objects, there are two solutions.

Theillustrations at the right show a C) or.. ()
front view of the car body and wheel. n

In the leftmost picture, the wheel is

positioned 21.25mm to the right of the
Right reference plane.

21.250— ~—21.250 —

In the rightmost picture, the whedl is
positioned 21.25mm to the | eft of the Right reference plane.

Both solutions are technically correct. However, only oneis the solution we want.

When you add a Distance mate, pay attention to the preview in the graphics
window. If the previewed solution is not the one you want, click Flip
Dimension (%] on the Mate pop-up toolbar.

Insert Mate 25
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13

14

Add a Distance mate.

The Mate PropertyManager
stays active so you can continue
adding mates without having to
restart the command.

In the FeatureM anager design
tree, expand the features of the
CO2 Car Blank and select
the Right reference plane.

Next select the planar face onthe
hub of the wheel.

The system assumes you want a
Coincident mate, which unfortunately is not what we want.

KINLEEIN
|£| 21.25mm 2

E@@lv)

Click Distance [ on the Mate pop-up toolbar and enter a distance value of
21.25 mm.

Look at the preview to make sure the solution is correct.
Click Add/Finish Mate V] to accept the mate.

Mate the other front wheel.

Select the cylindrical faces of the axle
hoesin the body and wheel likeyou didin
step 12.

The system assumes you want a
Concentric mate, which inthiscaseis
correct.

However, the wheel is oriented the wrong
way. Thisis because Concentric mates
also have two solutions. By default, the
system gives you the solution closest to
the way the parts are already oriented. There are two ways to address this
problem:

1. Click Flip Mate Alignment (%] on the Mate pop-up toolbar.
2. Or, rotate the wheel around so it is more or lessin the correct orientation
before you add the mate.

Insert Mate 26
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15

16

Flip mate alignment.

Since we have already started adding the
Concentric mate, click Flip Mate
Alignment (4| on the Mate pop-up
toolbar.

The wheel rotates so it is aligned
correctly.

Click Add/Finish Mate (V] to accept the
mate.

Add a Distance mate.

Following the same procedure asin step 13,
mate thewheel to theRight reference plane
of the car body using a Distance mate.

Because thiswheel islocated on the opposite
side of the reference plane you should pay
particular attention to the graphic preview.
You may haveto click Flip Dimension [~
on the Mate pop-up toolbar to get the correct
result.
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17

18

19

Mate the rear wheels.
Repeat step 12 through step 16 mating the rear wheels to the body of the car using
Concentric and Distance mates.

Mass calculation.
Now that we have added the wheels to the assembly, what is the total mass?

Click Tools, Mass Properties, or click Mass Properties [z on the Tools toolbar.
Thetotal massis 107.29 grams.
Isthis correct?

Not really. This assembly doesn’t contain any axles. We could increase the
accuracy by modeling the steel axles and adding them to the assembly, but that is
beyond the scope of thislesson. The point is, the accuracy of the calculationsisno
better than the accuracy of the models we create.

Save the file.
Turn off the RealView Graphics tool (@], if the RealView Graphics modeison.

Save the assembly file.
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Lesson 3
Analyzing the Car Using SolidWorks
Flow Simulation

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

Describe SolidWorks Flow Simulation;
Describe afluid flow analysis;

L oad the SolidWorks Flow Simulation add-in;
Create a SolidWorks Flow Simulation project;
Run an analysis on the car assembly;

View the results.
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The Aerodynamics Analysis of the Car

During thislesson, you will use SolidWorks Flow Simulation to analyze the
aerodynamics of the car. Think of SolidWorks Flow Simulation as a virtual wind
tunnel.

What is SolidWorks Flow Simulation?

SolidWorks Flow Simulation isthe only fluid flow analysistool for designers that
isfully 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. The change operation to an analysisresult is
possible within the same GUI as the FeatureM anager design tree in SolidWorks.

There are severa stepsto the analysis:

1. Create adesignin SolidWorks.
SolidWorks Flow Simulation can analyze parts, assemblies, subassemblies
and multibodies.
2. Create aproject filein 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.
3. Runtheanalysis. Thisis sometimes called solving.
4. Viewing the Flow Simulation results which include:
Results Plots:
- Vectors, Contours, Isolines
- Cut Plots, Surface, Flow Trajectories, | sosurfaces
Processed Results:
- XY Plots (Microsoft Excel)
- Goals (Microsoft Excel)
- Surface Parameters
- Point Parameters
- Reports (Microsoft Word)
- Reference Fluid Temperatures

Fluid Flow Analysis

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

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

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

Fluid flow analysisis 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 atemperature transfer
m Fluid centered machines
Pumps, compressors, and valves
m Electrical devices
Personal computers and exothermic measurements of precise electrical
devices
m Transport machinery
Cars, ships and airplanes (engines are another)

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

m  Will the part run quickly?
m  How will it handle air resistance?
m  Can| useless material without affecting performance?

In the absence of analysistools, expensive prototype-test design cyclestake 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 devel oping 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 Flow Simulation )

Add-Ins

m  Make sure SolidWorks Flow Simulation || e sz [Srtun [~
wftware |S | nsta“ed' = SolidWorks Premium Add-ins T
m Click Tools, Add-ins... and click 9 o maantetare

SolidWorks Flow Simulation 2011 to [ e Featureworks

. . : hotoView
load SolidWorks Flow Simulation. E?{n;ﬁm 360

D-:Qf; SolidWorks Design Checker

[7] & solidworks Mation

[7]1E solidworks Routing

fj SolidWorks Simulation

[[]  Solidworks Toolbox

[} ? SolidWorks Toolbox Browser

[7] & salidworks Utities

[7]  Solidworks Workgroup PDM 2011
[T Tolanalyst

El SolidWorks Add-ins

[[]  Autotrace

SolidWorks Flow Simulation 2011
[7]  Solidworks XPS Driver

El Other Add-ins

[[]  3Dcontrol

oo

m

O OoOol oooocooooooEO

SolidWorks Flow Simulation Toolbars

The SolidWorks Flow Simulation toolbars contain shortcuts for many commands.
You can a so access commands from the SolidWorks Flow Simulation pull-down
menul.

Flow Simulation Main @

EEEET LYY

Flow Simulation Features @
[FAARLIHSSE VY ETEN BRGER<BILCH]
Flow Simulation Results @

B VE U ABNRES

Flow Simulation Display @

‘@E E RO R 459‘“1‘

Flow Simulation Results Features @

ROSEHwL SRS
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Let’'s Analyze the Car
We will perform an aerodynamic analysis of the CO, car.

1 Open the car assembly file.
If the assembly is not already open from
the previous lesson, click Open [].

From the Open window, browse to the
CO2 Car Project directory.

Select CO2 Car Baseline.sldasm,
and click Open.

2 Change the view orientation.
If the part is not aready in the isometric
view, click on the Isometric tool (@] on
the Standard Views tool bar.

Create a Flow Simulation Project

1 Click Flow Simulation, Project, Wizard...
Or, click Wizard ~ onthe Flow Simulation Main toolbar.

2 Configuration name for the project.
Select Create new to create anew configuration and name it Control-55mph.

Click Next.

Wizard - Project Configuration @Iéj

Configuration »

@ Create new

() Use current

_J— Conlfiguration name: Cortrol-55mph
[_j@ Input Data i
------ @ Camputational Damain Current configuration: Default

------ ™8 Component Control
...... Fluid Subdamains
------ Ffi Boundary Conditions
...... [:]: Fans

...... By Heat Sources

...... % Porous Media

...... @ 1nitial Conditions

Comments:

------ @ Local Initial Meshes
-0 Results

...... ¥y CutPlats

..... {) Surface Flots

...... &y Isosurfaces

----- % Flow Trajectories

< Back Mext » ][ Cancel ][ Help
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Note: All required analysis datafor this project is saved in this configuration, which is
associated with SolidWorks.

3 Unit System.
Choose SI(m-kg-s) in the Unit system area.

In the Parameter window, under Main, set the Velocity to mile/h (miles per

hour).
r ™
Wizard - Unit System [ 2 [
Unit gypstenm: »
System Path Comment
LG5 [cmeg-s] Pre-Defined LG5 [cmeg-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 Mk [mm-g-z)
Sl [m-kg-g] Pre-Defined Sl [m-kg-g] I
Usa Pre-Defined Usa
[ Create new Hame: Sl [m-kg-2] [modified)
T ‘ Unit ‘ Decima.ls inresults | 1 Slunit =
| display equals to
= Main
------ Pressure & stress Pa 12 5
| ------ Velocity imileih {w| 123 2.2369362
------ Mass kg 23 1
------ Length m 23
------ Temperature K A2
------ Physical time s 23
HVAC il
P r B - 1 ] » »
[ < Back ] [ Mext » J [ Cancel ] [ Help ]
L oy
SCI’O” dOWn and Under . Decimals in results | 1 Slunit
Parameter Unit display equals to
Loads&Motion, set Force to Gram o T
force whichisdisplayed asthesymbol| 7 Leadsétiotion
e Acceleration mis"2 Az
p. [TFoce P iv] 129 0707754
- Mass flow rate ko/s 1234 1
C||Ck Next. - Mach number A2
-~ Angular velocity radis 23
Note: You can change the unit system [ Vome flowrate  |mls | 1234

anytime by clicking Flow Simulation,
Units. You can also create your own custom unit system by clicking Create new.
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Gram-force

Note:

Gram-force isaunit of force, approximately equal to the weight of a1 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 accel eration due to gravity is
9.80665 meters per second per second.

Analysis Type and Physical Features.
Select External asthe Analysis type.

Select the Exclude cavities without flow conditions and the Exclude internal
space check boxes.

i ™
Wizard - Analysis Type &M

Analysis type Consider closed cavities »)
) Intermal Exclude cavities without flow conditions
@ External Exclude intemnal space

Physical Features | Value

Heat conduction in solids

Radiation

Time-dependent

Gravity

Rotation

Reference axis: Dependency... @

[ < Back ]l Mext » I[ Cancel ][ Help ]

s o

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

Click Next.
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5 Default Fluid.

Under Gases, select Air, and then click Add.

Lesson 3: Analyzing the Car Using SolidWorks

Tip:  You can aso double-click Air, or drag and drop it from one list to the other.
(Wizard - Default Fluid . [ |
Fluids Path - Mew.. 2
- Gases
Acetone Pre-Defined -
Ammonia Pre-Defined i
Argon Pre-Defined
Butane Pre-Defined
Carbon dioxide Pre-Defined
Chiorine Pre-Defined
Ethane Pre-Defined
Ethanol Pre-Defined
Ethylene Pre-Defined
Fluorine Pre-Defined S Add
Project Fluids Default Fluid Remaove
Air ( Gases )
Flow Characteristic Value -
Flow type Laminar and Turbulent |: |
High Mach number flow [] N -
Humidity [l - »
[ < Back ] [ Mext » ] [ Cancel ] [ Help ]
Note: Flow Simulation has adatabase library of several liquids and gaseswhichiscalled

the Engineering Database. With this database you can create your own materials.

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.

36



SolidWorks Lesson 3: Analyzing the Car Using SolidWorks
Flow Simulation

6 Wall Conditions.

Use the default values of Adiabatic wall and a Roughness value of
0 micrometer.

Click Next.

.
Wizard - Wall Condilion‘

- W b=

Parameter |Vah.|e | @
Default wall thermal condition Adiabatic wall
Roughness 0 micrometer

(oo ] ®

< Back ][ Mext » ][ Cancel ][ Help ]
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7

Note:

Initial and Ambient Conditions.
Under Velocity Parameters, double-click the value of Velocity in Z direction

and type -55 mile/h.
The minus sign isimportant! It indicates that the air is flowing towards the car.

' ™
Wizard - Initial and Ambient Conditions (8 [
Parameter Value | @
Parameter Definition User Defined
. [z Thermodynamic Parameters
------ Parameters: Pressure, temperature

Pressure 101325 Pa
-~ Temperature 2832K

[zl Velocity Parameters

Parameter: Velocity

- Velocity in X direction 0 mile/h

Velocity in Y direction 0 mile/h

-55 mile/h

Turbulence Parameters

ot ]

[ < Back ]l Mext » I[ Cancel ][ Help ]

s o

In the real world, the car would be moving through stationary air. In awind
tunnel, the car is stationary and the air is moving. You can think of this Flow

Lesson 3: Analyzing the Car Using SolidWorks

Simulation example as a virtual wind tunnel —the car is stationary and the air is

moving.
Click Next.
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8 Results and Geometry Resolution.
Set the Result resolution to 4 which will yield acceptably accurate resultsin a
reasonable amount of time.

Wizard - Results and Geometry Rescluticn

Result resalution

Minimum gap size
[ Marual specification of the minimum gap size

Minimum gap size refers to the feature dimension
Minimum gap size:

Minimurn wall thickness
[ Marual specifization of the minimum wall thickness

Minirurn wall thickness refers to the feature dimension

Minirum wall thickness:

[ Advanced namow channel refinement Optimize thin walls rezolution .>.>
[ < Back ] [ Finizh ] [ Cancel ] [ Help
Click Finish.
9 Flow Simulation analysis tree. Kl E

>

A tab for the Flow Simulation analysistreeis (7~

added to the FeatureManager area.

Using Symmetry

We can reduce the amount of time required for
the analysis by taking advantage of the symmetry
of the car. If you look at the car from the front
view you can see that the right-hand side of the
car isthe mirror image of the left-hand side and
that the Right reference plane splits the car
down the middle. By specifying symmetry asone
of the conditions of the computational domain,
we only have to do half of the calculation.

However, when using symmetry, there are some
important things to keep in mind:

@ COZ Car Baseline {Control-55mph <Display State-2 =)

Right Flane

1. Thisonly worksif the object being analyzed is indeed symmetrical.
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2. Inthismodel we use half symmetry, therefore any forces you calculate will
have to be doubled. For example, the magnitude of the force that represents
drag on the car is actually only half the total force because only half of the car
isanalyzed.

3. Neatness counts! Be surethe car body isbuilt so it is centered with respect to
the origin. And, be sure that when you added the car body to the assembly,
you positioned it on the origin of the assembly as shown in step 4 on page 20.
These two things are related. It doesn’t do you any good to position the body

at the origin of the assembly if the body wasn't built on the part’s origin in the
first place.

QAW D oo - S

L. .

a5 *Right
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Flow Simulation
Computational Domain

Flow Simulation calculations are performed inside
avolume called the computational domain. The
boundaries of thisvolume 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 theillustration at the right, the black box
represents the computational domain.

Modifying the Computational Domain

We will make changes to two aspects of the computational domain:

m Size

We are going to reduce the size of the computational domain in order to
reduce solving time, at the expense of accuracy. A smaller domain means
there are fewer fluid cells to calculate. Using the default sizes for the domain
could result in solving times in excess of 1.5 hours even on a moderately fast
computer. Such solving times are not practical in a school environment.

m Boundary Conditions

Changing the condition for the X minimum boundary is what defines the

symmetry for this example.

1 Show the analysis tree.

Click on the Flow Simulation analysistree tab [= .

Expand the Input Data listing.

N [ERENEE

% Control-55mph

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

l‘“ Goals

= % Results
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2 Computational domain size.

Note:

Right-click Computational Domain and select Edit
Definition.

Enter the following values:

m Xmax = 0.15m
m Xmin = 0.0

B Ymax = 0.2m
m Ymin = -0.006m
m Zmax = 0.03m
m Zmin = -04m

Also, choose Symmetry from the drop-down for X min.
Click OK.

Results.

Lesson 3: Analyzing the Car Using SolidWorks

R

Type

b3

@| 30 simulation

| E | 2D simulation

Size and Conditions

b3

&, 015m
@x Om

@, 0zm

(. -0.006m

@, 0z3m
&, 04m

allel (4l

Aflw] [l

=

Aflw] [l

=

=

=

The resulting computational domain is shown in the illustrations bel ow.

Reducing the size of our computational domain and utilizing a symmetry
boundary condition will alow for more efficient calculations. We must always be
sure, however, that our computational domain is large enough to allow our flow

field to fully develop.
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Setting Goals

4

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.

Insert global goals. @ Control-55mph

Right click Goals in the Flow Simulation -8 .
analysis tree and select the Insert Global ) Fuid Subdomains
Goals from the shortcut menu.

- Boundary Conditions
R Goals

_EE Results Insert Global Goals... L\\)
------ {ﬂE Mesh Insert Point Goals...

------ Bk Cuth Insert Surface Goals...
""" @ Surfa Insert Volume Goals...
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Tip:

5

6

Setting the goal for drag.

Drag the boundary of the
PropertyManager window to theright to
make it wider. Thismakesit easier to
read the parameter names.

In the Parameter list, find the
parameter named Z - Component of
Force.

You will have to scroll down the
towards the bottom.

Click the check box.
Click OK.

Insert a second global goal.

% Global Goals

Lesson 3: Analyzing the Car Using SolidWorks

W R’

Parameter A
Parameter [Min | Av [Max |Bulk Av|Use for C| «
Turbulent Length O BEE 5
Turbulent Intensity B BEE [\
Turbulent Energy [ Y R
Turbulent Dissipation B EE |
Heat Flux s
Heat Transfer Rate ]

Mormal Force ]

¥ - Component of Normal Force &}

'f - Component of Normal Force [ p
Z - Component of Normal Force &}

Force |:|

¥ - Component of Force [

'f - Component of Force [

Shear Force ]

¥ - Component of Shear Force [ =

'f - Component of Shear Force [ i

Z - Component of Shear Force &}

¥ - Component of Torque D

'f - Component of Torque D

Z - Component of Torque D

Mass Fraction of Air B @EE E=

Volume Fraction of Air B @EE = )
Mass of Air ] hi

,P‘»x Global Coordinate Spstem

Name T A
GG <Parameter: <Mumber:

o))

Right click Goals again and select Insert Global Goals.
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7 Setting the goal for lift.

In the Parameter list, find the
parameter named Y - Component of

Force.
Click the check box.
Click OK.

8 Rename the goals.

Two goal icons appear in the Flow

Simulation analysistree.

= ? Goals
? GG Z - Component of Force 1
? GG Y - Component of Force 1

Rename the Z component to Drag and

theY componentto Lift.

= ? Goals
? Drag
®Life

Running the Analysis

% Global Goals

Lesson 3: Analyzing the Car Using SolidWorks

W R’

Parameter A
Parameter Min | Av |Max |Bulk Av|Use | »
Turbulent Length O BEE 5
Turbulent Intensity B EE |
Turbulent Energy O EE 5
Turbulent Dissipation B EE |
Heat Flux s
Heat Transfer Rate ]
Mormal Force ]
¥ - Component of Normal Force &}

'f - Component of Normal Force [
Z - Component of Normal Force [
Force ]
¥ - Component of Force [
Z - Component of Force [
Shear Force ]
¥ - Component of Shear Force [ =
'f - Component of Shear Force [ i
Z - Component of Shear Force [
¥ - Component of Torque D
'f - Component of Torque D
Z - Component of Torque D
Mass Fraction of Air B @EE E=
Volume Fraction of Air B EE | |
Mass of Air ] i

,P‘»x Global Coordinate System

Hame T

GG <Parameter: <Mumber:

o]

This starts the cal culation for the current project.

9 Run the analysis.
Right-click Control-
55mph and click Run..., or
click Flow Simulation ,
Solve, Run, or click
Run Solver = onthe Flow
Simulation toolbar.

-

Take previous results

@ Mew calculation

Continue calculation

CPU and memory uzage

Run at; [This computer [CAD seszion) ']

Use CPUs)

Fesults processing after finishing the calculation

Load results

Batch Results...

Cloze

Help

II:U E
=
=

F
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10 Solver information.
The Solution Monitor window appears after a minute or so. On the left of the
window isalog of each step taken in the solution process. On theright isan

information window with mesh information and any warnings concerning the
analysis.

File Calculation View Inset Window Help
= HEGEN RN \
B Lo = e ] | @n L= e ||
Message | Herations [ Date [ Parameter Value
Mesh generation started 113707, Apr 12 Fluid cells 13871
Mesh generation normally finis... 113742, Apr 12 Partial cells 735
Preparing data for calculation 113745, Apr 12 Tterations 67
Calculation started 0 113747, Apr 12 Last iteration finish... 11:38:20
CPU time per last i... 00:00:01
Travels 136130
Tterations per tra... 50
Cputime 0:0:37
Calculation time left 0:0:20
Status Calculation
. i v
Warning Comment
No warnings
< | [ 3
o [[B Lon
Ready lterations : 67

Monitoring the Solution

The Solver window has its own toolbar that
you can use to display the current results
during the calculation.

+ BOR Ww ?

m Stop =

Stopsthe calculation. You will be asked to save the current results. If you save
the current results, you will be able to continue the cal culation from the saved
state rather than starting over.

m Suspend n

Suspends the calculation. When the cal culations are suspended, you cannot
modify either the model or Flow Simulation project,. However, CPU
resources used by Flow Simulation are released.
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Information @

Displays mesh statistics, information about
the current calculation step and number of
iterations as well as warning messages if

m info =l a s

an inaccurate solution is possible.

Goal Plot 1/

Parameter [ value
Status Calculation
Fluid cells 13838
Partial cells 726
Trerations 47

Last iteration finished 15:08:25
CPU time per last iteration 00:00:00
Travels 0955004
Trerations per 1 travel )

Cpu time 0:0:23
Calculation time left 0:2:0
Warning Comment
No warnings

When you click Goal Plot i, the Add/Remove Goals dialog appears. Select
the goal s whose plots you want to view and click OK.

sad sl | [ Femavedl |

ra ™
Add/Remove Goals @B
— Select goal
| Goal | LI
Drag Cancel
el |

Flot caption: IGoaI plot 2

Help |

L

o

For each goal selected inthe Add/Remove Goals dialog box, the Goal Plot

shows the goal convergence diagram.

Name Cumrent Value | Progress | criterion | Comment
Mg 31888p [ERRETES] 216075 p  Checking criteria
| [E3 435386 p [ R M= 0.M1135p  Checking critesia
Absolute Scale[futo MinAuto Max) Hter.
196376 e —~ — — —~
H 20 L L 50 1] 70 ail
2

4 [l "
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m Goal Table B

Lesson 3: Analyzing the Car Using SolidWorks

Showsthe list of all specified goals. The Goal Table contains the same
information as the upper portion of the Goal Plot window.

Name Current Value Progress

Criterion Comment

216075 p
020135 p

Checking criteria
Checking criteria

m Insert Preview

Allows you to view the current results on the specified plane.

! Pressure( Right Plane 640:480,Auto Update ) ...

Pressure [Pa)

. 101670 Pa
_ I 100956 Pa

Min=100956 Pa Max=101670 Pa
lteration = 55

-

<

e

11 Pause the calculation.

After about 55 iterations, click Suspend | on the Solver window’s toolbar.

This pauses the calculation so you can explore some of the different types of

previews.

12 Preview the results.
Click Insert Preview
on the Solver window's
toolbar.

The Preview Settings
dialog box appears.

For the Plane definition,
select the Right Plane.

For Mode, select
Contours.

Do not click OK yet.

Continue with the next step.

-
Preview Settings l_J
Definition |Seﬂings I Image Attributes I Options I Region I |

r Plane definition
Cancel
Plane offsst: Iﬂ m - —I
r Min/Max mode Mode
& Cortours
" Manual min/max
" lsolines
& Auto min/max
= Velocity vectors
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13 Settings. (e ‘ F

Click the Settings tab.
Definiion  Settings | mage Attibutes | Options | Region |

For the Parameter, select  Contours/lalines oot _ o |
Vel ocC | ty Parameter: —ICmcd
CI | Ck OK. Mir : ID mile/h E Help |
Wa - |66.818154 mile/h E
r— Velocity vectors options
b &wirnum welocity: IGGB‘IS‘IB-! mile/h :
ity ma
Wector spacing : I J I

The plot preview is displayed in its own window.

X 1

Velocity [mileth)

. 66.8182 milefh

0 milefh

Min=0 milefh Max=66.8182 mile/h
Iteration = b5 -~

a mm ]
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15

16

17

18

19

20

Preview the pressure.
Click Insert Preview % on the Solver window’s toolbar.

Inthe Preview Settings dialog box select the Right Plane for the Plane
definition.

For Mode, select Contours.
Click the Settings tab.
For the Parameter, select Pressure and click OK.

«&+ Pressure( Right Plane,640x480, Auto Update ) =3B

. 101670 Pa 3

Pressure [Pa)

100956 Pa

Min=100956 Pa Max=101670 Pa
Iteration = 65 m
| I ol

Resume calculation.
Click Suspend n on the Solver window’s toolbar to resume the calculation.

Com p | et| on. Solver is finished, [Tterations : 58
The status bar at the bottom
of the window will indicate when the solver is finished.

Close the Solver window.
In the Solver window, click File, Close, or click thered X &3] in the upper right
corner of the window.

Hide the computational domain. @ Control-55mph
In the Flow Simulation analysis tree, g"‘ Data
right-click the Computational m® m Edit Definition...
Domain iconandselect Hide fromthe =~ i Boundary Conditions Hide

short cut menu. This hides the box that

represents the size and position of the computational domain.

Save the file.
After investing time in running the analysisit is prudent to save your work.
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Viewing the Results
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Once the calculation finishes, you can view the saved cal culation results through

numerous Flow Simulation options in a customized manner directly within the

graphics area. The results options are;

| sosurfaces

Animation of results

Cut Plots (section view of parameter distribution)
Surface Plots (parameter distribution on a selected surface)

Flow Trajectories (streamlines and particle trgjectories)

Goal Plot (behavior of the specified goals during the cal culation)
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)

We will view the surface plots and the flow trajectories next.

Accessing the Results

1 Load the results.
Right-click Results inthe Flow

Bl [ =|

% Control-55mph
—E% Input Data

Simulation analysistreeand select Load [ Computationsl Dornain
Results. Fluid Subdomains
------ Ffi Boundary Conditions
If Unload Results appearsin thelist, the B fi Soal:
....... Lift
resultshave already beenloaded. @~ | R Drag
—ga Results
...... {ﬂ; Mes Load Results
T, Br Cut Select Results
TheLoad Results window opens. O 01 pios Manager
. < surf o
Select 1.f1d and click Open toloadthe . & Lo Poremeterlist.
r ItS fl Ie _____ % Flow Batch Results Processing...
B0 Load Results |
\/\/ [[J) <« files-writing » CO2 Car Design Project » 1 » - [ 4 |[ sear ol
Organize + New folder = 0 @
S Name - Datem
Bl Desktop Sresults_tmp 4/6/201
1% Downloads [ Lept
| Recent Places L LAd 4/6/201
| 1000000 fd 4/6/201
i Libraries
| Document:
&' Music No pre: labl
=) Picty
B vid
sgtrainingsﬁ(\\inrpswlﬂl) m || .
File name: 1fld ~ [cfidren  ~]
Cancel

Viewing the Results
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2 Insert a surface plot.
Right-click Surface Plots inthe Flow Simulation
analysis tree and select Insert.

Select Use all faces.
Under Display, click Contours.
Click OK.

3 Change the legend.

101574,
Click on the top value of the legend and enter ’ 101503.;%
101575 Pa. 101431 67
101360.00
Repeat this process for the bottom value and 10128833
enter 100930 Pa. 101216.67
1011445.00
101073.33
101001.67

100930.00

Fressure [Pa]

« ¥ 42

Selection

@

b3

Use &ll faces

Display ]
|'__.| Contours

|@| Isolines

|z| Vectors

|@| Mesh

Contours A
- B
F# |10 =

i

Options ¥

Crop Region ¥

01575 Pa ~HE AR

i

Surface Plot 1: contours

Note: Thereason we do not use the default valuesis becauseif we make adesign change
to the car and rerun the analysis, the minimum and maximum pressure val ues will
be different. That means red would represent one pressure on one plot and a
different pressure on adifferent plot. Using the same minimum and maximum
settings for each analysis allows for meaningful comparisons between different

iterations of the design.

Viewing the Results

52



SolidWorks Lesson 3: Analyzing the Car Using SolidWorks
Flow Simulation
4 Surface plot results.
The Surface Plot displaysthe pressure distribution on the selected model faces or
SolidWorks surfaces.

Only half of the car displays the colors because we used symmetry in the
calculations. We assume the right-hand side of the car would be identical.

1015745.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67
100930.00

Fressure [Pa]

Surface Plot 1: contours

Interpreting the Results

Red indicates areas of high pressure. Blue indicates areas of low pressure. By
looking at the surface plot we can see that the pressure is highest on the front face
of the car body and on the front portion of the rear wheels.

5 Hide the surface plot.
Right-click Ssurface Plot 1 and select Hide. This hides the surface plot so we
can more easily see the flow trajectories. You can always turn the surface plot
back on later using Show.
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Flow Trajectories

Flow trajectories are another way to qualitatively view the results of the analysis.
They are analogous to the streamers of smoke in awind tunnel.

6 Inserting a flow trajectory.

=2 Fow Trajectories 2

Right-click Flow Trajectories inthe Flow ¢ X =

Simulation analysis tree, and select Insert.

Starting Points
For Reference, select the faces of the car body as shown: G (X))
m Front, top, and |eft side faces oy o

Face <3>@CO2 Car Blank-:

m Facesthat form the tread portion of the front and rear Face <4>@Front Wheel-1
Wheel s Face<5>@Rear Wheel-1

(:-D# 50 :)
|'§'| 0.007 m =

Appearance b

(& Lines with Arrows - )
¥ o0002m =
B fpresswe  ~[E)
@) -
gz 0 =
3

b3

=ty [ constraints ¥

Set the Number of Points to 50.

For Draw trajectories as, select Line with Arrow.
L eave the other settings at their default values.
Click OK.
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7 Resulting flow trajectory.
Thistype of display helps visualize how the air flows around the car.

sy

101575.00
10150333
101431.67
101360.00
10128833
101216.67
101145.00
10107333
101001 .67
100530.00

Fressure [Pa)

Surface Plot1: contours
Flow Trajectaries 1

Experiment With Other Flow Trajectories
There are two ways to experiment with flow trajectories:

m Edit the definition of the existing plot
m Insert anew plot

If you create multiple flow trajectories, you can display them one at atime or you
can display severa at the sametime.

We will create some other flow trgjectories.

8 Hide the flow trajectory.
Right-click Flow Trajectories 1 and select Hide.
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9 Insert a new flow trajectory.
Right-click Flow Trajectories, and select Insert.

For Reference, select the Right reference plane of the
assembly.

Set the Number of Points to 200.
Click the Settings tab.

For Draw trajectories as, select Line.
Click OK.

10 Right side view.

=2 Fow Trajectories

« ¥ 42
Starting Points ]
B (K] ()
e
[T1n plane
i Om :
3 ——|
54| 2 =
|'§'| 0.007 m
Appearance ]
X 2 :
@) [resare -]
@) -
& 0 z
|
[ constraints ¥

Change the view to aright side orientation. Notice the turbulence behind the body

of the car.

1015745.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67

100930.00

Fressure [Pa]

Viewing the Results
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11

12

13 Repeat for the rear wheel.

Insert another new flow trajectory.
HideFlow Trajectories 2 andtheninsert
anew flow trajectory.

For Reference, select the surface that formsthe
tread of the front whed!.

Set the Number of Points to 50.
For Draw trajectories as, select Line.
Click OK.

Change to an isometric view.

The lower number of trajectory lines makesit easier to see if there is significant
turbulence surrounding the front wheel. It appears that the narrow profile of the
front wheel does not introduce much turbulence.

101575.00
101503.33
101431.67
101360.00
101288.33
101218 67
10114500
101073.33
10100167
100830.00
Pressure [Pa]
Surface Plot 1: contours
Flow Trajectaries 1

Flow Trajectories 2
Flow Trajectaries 3

N

= '/_z‘

Hide Flow Trajectories 3 andtheninsert a
new flow tragjectory.

For Reference, select the surfaces that form the
tread, sidewall, and hub of the front whed!.

Set the Number of trajectories to 75.
For Draw trajectories as, select Line.
Click OK.
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14 Change to an isometric view and zoom in.
The flow tragjectories reveal several conditions:

m  Thered color of the trgjectoriesin front of the wheel indicate an area of high
pressure. Perhaps a narrower wheel would reduce drag.

m Thereisturbulencein the area of the wheel hub.

m  Theflow trgjectories behind the wheel are fairly smooth indicating alack of
turbulence.

101575.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67
100930.00

Fressure [Pa]

15 Edit definition. Select these faces
Right-click Flow Trajectories 4 and
select Hide.

Rotate the view so you can see the underside
of the car body and the interior of the rear
wheel.

Then, right-click Flow Trajectories 4
again and select Edit Definition.

For Reference, select the surfaces that form
the inside of the rear wheel and the wheel’s
axle.

Click OK.
Reset the view to an isometric and zoom in on the rear wheel.

Viewing the Results 58



SolidWorks Lesson 3: Analyzing the Car Using SolidWorks

Flow Simulation

It is hard to see the flow lines between the wheel and the car body because they

are obscured by the geometry of the wheel.

16 Transparency.
Click Set Model Transparency & on the Flow
Simulation Display toolbar, or click Flow
Simulation, Results, Display, Transparency.

The Model Transparency dialog box appears.

Click OK to use the default transparency value of
0.50 (50%).

101575.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67
100930.00

Fressure [Pa]

-
Model Transparency

R

Walue to set:

l ()3 I[ Cancel ][

Help

101575.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67
100930.00

Fressure [Pa]

It isnow easier to see the turbulence in the airflow between the wheel and car

body.

Viewing the Results

59



SolidWorks Lesson 3: Analyzing the Car Using SolidWorks
Flow Simulation

17 Turn off transparency.
Click Set Model Transparency &, or click Floworks, Results, Display,

Transparency.
Drag the dider to set the transparency Value to 0.0.
Click OK.

18 Hide the flow trajectories plot.
Right-click Flow Trajectories 4 and select Hide.

Quantitative Results

The preceding examples of surface plotsand flow trajectories were excellent tools
for visualizing how the air flows around the car. However, they are more
gualitative than quantitative. Let's move on to a more quantitative interpretation
of results.

1 Create agoals plot. i Goalplot 7|

Inthe analysistree, expand theResults listingand right-
click Goal Plots.

Goals 3
Select Insert from the shortcut menu. 7
. o
Click All. "
. [lLift
Click OK.
1.
[options ¥
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2 Excel spreadsheet.
Microsoft® Excel islaunched 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.

Note: Remember! We used symmetry when doing the analysis so these values have to
be doubled to obtain the correct value for the entire car.

N EE Y = goalsl [Compatibility Mode] - Microsoft Excel = | B |t
iy =
= Home Insert Page Layout Formulas Data Review View Add-Ins @ - = X
=l . e N L
& Arial o C[AR B S om— .| | [fy Conditional Formatting S Insert = }%? }3
=53 g Format as Table ~ I Delete - j - &
Pasti || - ~|= = - =0 .00 e Sort & Find &
St g || Bl Sl i |E= $ % 2|58 58] | (5 con stytes - I Format ~ | 27 Fitters Select~
Clipboard ™= Font i} Alignment [} Number F} Styles Cells Editing
GoalName - fe | Goal Name ¥
B c D E F G H J K T
i CO2 Car Baseline.SLDASM [Control-55mph]
2 =
3 |Goal Name [Unit|Value Averaged Value |Mini Value |Maximum Value |Progress [%] |Use In Convergence |Delta Criteria
4 Drag [p] | -31.80078735 -31.69961364 -31.83295813 -31.49622876 100|Yes 0.185409122| 2. 160508453
5 Lift [p] | 4.383855227 -4 360246323 -4.440102848 4. 278181832 100|Yes 0.161921016] 0.19890162
9 lterations: 80
10 | Analysis interval: 25
A4 -4
4 4 ¥ ¥ | Summary - Z - Component of Force Y - Companent of Force Plot Data -~ ¥J[ N | m ] B
Ready || 8 O E| 200% (=) 0] (Fls

Note: Wereformatted the column headers to make the columns narrower so we could fit
the image on the page.

3 Save and close the assembly.
Be sure to save the Excel spreadsheet when prompted.
Units, Values, and Interpreting the Results

As we discussed on page 35, gram-force is a unit of force approximately equal to
the weight of a 1-gram mass on Earth. The drag on the car isaforce. Gramsarea
unit of mass. So it is not accurate to say the drag is approximately 31.8 grams.

The correct way to state the resultsisto say we have adrag force of approximately
31.8 grams-force and a downward lift force of approximately 4.4 grams-force.
Conclusion

From the analysis, it is obvious that the car body blank right out of the box is not
very aerodynamic. In the next lesson we will modify the shape of the body and
rerun the analysis to determine the effects.
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Lesson 4
Making Design Changes

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

m Create aconfiguration in a part;

m  Use splinesto sketch free-form shapes that cannot be represented using lines
and arcs;

m  Create extruded cuts using an open sketch contour;

m Use part configurationsin an assembly.
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Changing the CO, Car Design

Based on the analysis of the car using Flow Simulation, we conclude that the
shape of the body needs to be redesigned to direct the air around the car with a
more gradual and smoother changes in direction. We need to make the car
rounder.

Configurations

Configurations allow you to represent more than one version of the part within a
single SolidWorksfile. 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. Any configuration may be changed to adimension of a
different value.

Both parts and assemblies can support configuration adjustments.

If aconfiguration isnot created, the model which we create is saved automatically
with a configuration named Default.

Flow Simulation creates a configuration to store all analysis data. The name of
this configuration is the name you entered in the Flow Simulation Wizard. In this
caseitisControl-55mph.

Modifying the Model

1

3

Open the CO2 Car Blank part.
Click Open 2, or click File, Open.

Browse to the location of the CO2 Car Blank, selectit, and click Open.

Switch to ConfigurationManager. YRS
Click the ConfigurationManager tab [z | to change from = % CO2 Car Blank Configuration(s)

|F® Default [ CO2 Car Blank ]

the FeatureManager design tree to the
ConfigurationManager.

Add a new configuration. Y EIES
The current configurationisnamed Default. B0 0
Right-click on the file name and select Add

Conﬁguration. Hidden Tree ltems 4
. , , & | Add to Library
TypeDesign Variation 1 asthe name. &3 | Open Drawing
. C t 4
Under the Advanced Options, make sure that T,Der:;::hy N
the Suppress new features and mates option [ | Add Configuration...
H Document Properties...
IS%IeCted Edit Dimension Access
Click OK to add the configuration. G e S s
Appearance 3
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®[e7 R [#]

= % CO2 Car Blank Configuration(s) (Design Variation 1)
@ Default [ CO2 Car Blank ]
||'=iE| Design Variation 1 [ CO2 Car Blank ]

Note: Suppress isused to temporarily remove afeature. When F- Add Configuration 7 |
afeature is suppressed, the system treatsit asif it doesn't »
exist. This means other features that are dependent on it ST —
will be suppressed also. Suppressed features can be Configuration name:
unsuppressed at any time. The Suppress features option || besien Variation 1
means that as new features are added, they are suppressed | P=Pn
in al of the configurations except the active one.

Comment:

The new configuration is active. Any subsequent changes

to the part are stored as part of the configuration.
Bill of Materials Options ¥

Advanced Options

»

Suppress new features and
mates

[ use configuration spedific color

4 Create a new sketch.
Select the Top reference plane and click Sketch [E].
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5 Top view orientation. Top
Click Top (@ on the Standard Views toolbar to change to '
the Top view orientation.

6 View axes.
Click View, Axes to display the axes that run through the
center of the two axle holes. You will use these for
references when sketching. e 0ar Audo

7 Show hidden lines.
Click Hidden Lines Visible @ on the View toolbar.

This enables you see the location of Power Plant
Chamber (the hole for the CO, cartridge) so you can
maintain the minimum thickness surrounding it as required
by the specifications.

____________ Front Axle

8 Construction lines. 1 4
Zoom in on the area around the Power Plant Chamber. L F

Click Tools, Sketch Entities, Centerline, or click
Centerline [i ] on the Sketch toolbar.

Sketch a vertical construction line as shown at the right.

Click Smart Dimension [¢] on the Sketch toolbar, or click
Tools, Dimensions, Smart.

_________

Dimension the construction line to be 4mm from the edge of
the hole for the CO, cartridge.
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9 Centerpoint arc.
Zoom in on the front end of the car.

Click Tools, Sketch Entities, Centerpoint Arc, or click Centerpoint Arc [].
Position the pointer to the right of the car body.

Look for the Coincident pointer « that indicates you are capturing a Coincident
relation between the centerpoint of the arc and the axis.

Click the mouse button to establish the centerpoint of the arc.

Move the mouse to establish the starting point of the arc.

Press and hold the mouse button and drag to define the length of the arc.
The result should look like the arc shown in the rightmost illustration.

boeememee oo fFront Axle L:::::::::— ____ Fropt ~Axle boomem ez oo fFTOPT AXlE
N« ' e
-
o R = 5056
D)
Step 1: Locate the center Step 2: Define the radius Step 3: Define the arc length

10 Tangent relation.
Press Ctrl and select the edge of the car body and the
arc. In the PropertyManager, select Tangent & and
click OK.

Front, Axle
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11 Dimension the arc.

Lesson 4: Making Design Changes

Click Smart Dimension [¢] on the Sketch toolbar, or click Tools, Dimensions,

Smart.

Dimension the arc with a radius of 50mm.

R50 —|

Front Axle

12 Sketch aline.
Click Tools, Sketch Entities, Line, or click

Line [\| on the Sketch toolbar.

Sketch aline from the endpoint of the arc to the
edge of the car body as shown.

Be careful not to snap to the midpoint of the car
body edge.

The line should be at an angle as shown. It
should not be vertical and it should not be
tangent to the arc.

13 Sketch a construction line.
Click Tools, Sketch Entities, Centerline, or

click Centerline [ i | on the Sketch toolbar.

Sketch a short, vertical construction line as
shown, starting at the midpoint of the edge of the
car body.

14 Mirror.

Click Tools, Sketch Tools, Mirror, or click
Mirror Entities |4 on the Sketch toolbar.

For Entities to mirror, select the arc and line.
For Mirror about, select the construction line.

R50 —|

R50 —|

Front Axle

Front Axle

Make sure Copy is selected. A preview indicates the results of the mirror

operation.
Click OK.
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| Miecor 7]
« ¥ 42 R50 —-.|

Message ]

Select entities to mirror and a sketch

line or linear model edge to mirrar Fropt Axle
= R KR e p

DOptions

b3

Entities ta mirrar:

il Arcl

Lined

Copy

Mirrar about:

il Lines

15 Sketch aline.

Click Tools, Sketch Entities, Line, or click Line [\ on the
Sketch toolbar.

Sketch a line between the endpoints of the two angled lines.

16 Dimensions.

Click Smart Dimension (@] on the Sketch toolbar, RS0 —

_ , _ -26.50
or click Tools, Dimensions, Smart.

_ _ ) [ SN Fropt Axle
Dimension the length of thelineyou createdin ~ ~ |7

step 15 and set the valueto 17mm.

Dimension the angle between the two angled lines 150
and set the value to 15°.

Dimension the distance between the ends of the T
two arcs and set the value to 26.50mm.
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Splines are used to sketch curves that

have continuously changing shape.

Splines are defined by a series points

between which the SolidWorks software

uses equations to interpolate the curve

geometry. Splines are very useful for M—/
modeling free-form shapes that are

smooth and fair. [Fair is aterm often used in boat building. A “fair curve’ isone
that isas smooth asit can be asit follows the path it must take around the hull of a
boat; it isfree of extraneous bumps or hollows.]

You can modify a spline by adding or deleting points, moving the points,
dimensioning the points, changing tangency at the points, or adding geometric
relations.

Where to Find It

m Click Spline [~ on the Sketch toolbar.
m Or, click Tools, Sketch Entities, Spline.

The Anatomy of a Spline

A splinein the SolidWorks software has several components and controls.
Understanding what controls and analytical tools are available will help you get
the most out of your splines.

m Endpoints
Every spline has at least one
endpoint. A closed loop spline
has a single endpoint where
the ends are tangent to one
another. Open loop splines
have two endpoints. An open
loop spline can be converted
to aclosed loop spline by
dragging one endpoint onto
another, but a closed loop
spline cannot be made open
except by trimming.

Spline Handle

Endpoint

Spline
N / Polygon
- Closed Loop
Spline

m Spline Points
Most splines use one or more interpolant spline points between the endpoints.
Spline points can be added (through the right mouse menu) or deleted.
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m Spline Handles
Spline handles are used to change the direction and magnitude of the tangency
at aspline point or endpoint. Unless a handle is being used to create tangency
other than the default settings, they are not visible unless the splineis
selected.

Spline handles at interior spline points can be dragged asymmetrically
(handles to opposite sides of the point are independent), or by holding the Alt
key, the handles will behave symmetrically.

Spline handles are composed of magnitude and
direction handles. The magnitude handle can be
dragged in adirection tangent to the spline, and the
direction handle can be dragged in a circle around
the point to which it is attached. By dragging the dot
at the end of the magnitude handle, you can control
both magnitude and direction at the same time. Magnitude Handle
Notice that the cursor changes to indicate which
contral it isover.

Direction Handle

\ Combination Handle
m Control Polygon

The control polygon is the series of dotted lines that go around the spline. It
can be used in place of handlesto adjust the shape of the spline. To
mani pulate the control polygon, drag the control points (polygon vertices).

Note: Moving the contral polygon will move spline points while moving the spline
handles will not.

Sketching with Splines
Here are some general guidelines you may find useful for working with splines:

m  Smoothest curves
Use as few spline points as possible to give
the smoothest curve. Using many spline
points usually only works if they are
generated by a computer program. Manually
tweaking points that are closely spaced can
lead to lumpy or uneven splines.
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m Point density
You will need more spline pointsin areas of smaller radius. A long curving
areawill need relatively fewer points than atightly curved section.

All internal spline points are in
this tightly curved area

m  Two-point splines
A two-point spline looks just like a straight line unless tangency is applied to
the ends, in which case it becomes a very useful and flexible sketch tool. It is
particularly useful in situations where a profile must change convexity, which
an arc cannot do. Notice that this is much smoother than using apair of
tangent arcs.

—-—

Two-point spline without tangency

-—-— + -—-—

-—— -—-

Two-point spline with tangency Two tangent arcs

m Tangency at endpoints
By default, splines are created with no tangency at the endpoints. This means
that splinestend to be flat or straight at their ends.
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Procedure
17 Sketch a spline.
Click Spline [J] on the Sketch toolbar, or, click
Tools, Sketch Entities, Spline.

Sketch a spline as shown in the illustration at the
right. One end starts at the endpoint of the arc; the
other end is at the end of the construction line. You
want three internal spline points.

Tip:  When you get to the last point in the spline, double-
click the mouse the end the spline.

18 Add relation.
Add aCoincident relation between the spline point
and the axis of the rear axle hole.

e

g - - AREr Axle

19 Add another relation.
Add a second Coincident relation between the spline
point and the edge of the car body.

e

Rear Axle

Modifying the Model
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20 Add arelation to spline handle.

Select the spline. This makes the spline handles appear.
Select the spline handle by clicking the diamond-shaped direction handle.
Add aVertical relation.

4

7|__4

____________ Rear Axle ceeeeeo— - Rear Axle

— Select this

Before After

21 Spline tangency.

Note:

22

Press Ctrl and select the construction line and the spline.
Add aTangent relation.

are are

[ Ta | o[ o JRE0r AXlE

Before After

You do not need to add any relations to the tangent handles on the other two spline
points. Leave them at their default settings.

Turn off the display of the spline handles. .
Right-click the spline and clear the Show Spline Handles |} *
option on the short cut menu. ! |

____________ Rear Axle
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23 Mirror the spline.
Click Tools, Sketch Tools, Mirror, or click Mirror
Entities [&] on the Sketch toolbar.

For Entities to mirror, select the spline.
For Mirror about, select the construction line.

Make sure Copy is selected. A preview indicatesthe
results of the mirror operation.

Click OK.

| Miecor 7]
 ® 4=

Message ]

Select entities to mirror and a sketch
line or linear model edge to mirrar
about

DOptions

b3

Entities ta mirrar:
il Spline1

Copy

Mirrar about:

il Lines

Dimensioning Splines

It iscommon practice to leave splines under defined.
Fully dimensioning splines require two dimensions,
or acombination of dimensions and sketch relations,
for each spline point. When asplineisfully defined,
it is much harder to make changesto it.

However, in this case we will fully dimension the
splines. Otherwise, the shape of the car you are
working on would be different than the one

17

S

illustrated in the book and your analysis results would be different.

Modifying the Model
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24 Dimension the splines. '
Starting at the end of the car where the CO, cartridge |"_ 4 ,
goes, dimension the splines as shown. | :

Because of the symmetry imposed by the mirroring 35.70

operation, you only have to apply the 35.70mm
dimension to one of the splines. The spline point on .
the other spline will automatically line up. Beeees

32.60
A

25 Finish dimensioning the splines. ’
The spline point at the rear axle is already fully “r 4
defined by the Coincident sketch relations. There i
isno need to dimensionit. In fact, dimensioning it 35.70
would make the sketch over defined.

The sketch should now be fully defined.

32.60

Feor Axle

26 Shaded view.
Click Shaded with Edges @) on the View 167
toolbar.

Thiswill makeit easier to see the preview when
we extrude a cut feature using the sketch. 25

27 lIsometric view.
Change the view back to the Isometric view.

R50 —f 26.50
}IFrqrnT Axle
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Extruding an Open Contour

The sketch we just completed is an open contour because we did not sketch aline
between the endpoints of the two splines.

Extruding an open contour makes the Extruded Cut feature behave in adlightly
different way than you are used to:

m  Both end conditions are automatically set to Through All.

= You have to pay attention to which side of the contour is cutting away the
solid. A preview arrow in the graphics window points to the side of the
contour where the material will be removed. To change the direction either
click the arrow, or click Flip side to cut in the PropertyManager.

(G |Extrude 2

7 R &

28 Extrude a cut.
Click Extruded Cut [@| on the Features toolbar, or click Insert, Cut, Extrude.

Click Flip side to cut so the material outside the contour is removed.
Click OK.
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29 Results.

30 Add fillet.

31

32

Tip:

The results are shown bel ow.

Click Fillet [#)] and set the Radius to 25mm and select the
edges as shown.

Click OK.

Add another fillet.

Click Fillet [ again and set the Radius to 15mm
and select the edges as shown.

Click OK.

Save your work.
Click File, Save, or click Save (& on the Standard
toolbar.

Itisalways good practice to save your work after you have created something you
want to keep, or just before you try something you aren’t sure is going to work.
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33

34

35

36

Note:

Create a new sketch.
Select the Right reference plane and click Sketch [E).

Show hidden lines.
Click Hidden Lines Visible (@ on the View toolbar.

This enables you see the location of Power Plant Chamber (the hole for the
CO, cartridge) so you can maintain the minimum thickness surrounding it as
required by the specifications.

Right view orientation.
Click Right (@ on the Standard Views toolbar to change to the Right view
orientation.

Right

______________

§eor Axle

Construction lines.
Click Tools, Sketch Entities, Centerline, or click Centerline [i ] on the Sketch
toolbar.

Sketch a horizontal construction line extending from the rear of the car body as
shown below.

Sketch a second construction line extending from the front of the car body. This
construction lineis not horizontal. Rather is extends downward at an angle.

Make sure you to not snap to the midpoint of the front edge of the car.

Click Smart Dimension [¢] on the Sketch toolbar, or click Tools, Dimensions,
Smart.

Dimension the construction lines as shown in the illustration below.

L.

______________

§eor Axle

Modifying the Model 78



SolidWorks Lesson 4: Making Design Changes

Engineering Design and Technology Series

37

38

39

Two-point spline.
Click Spline [J on the Sketch toolbar, or click Tools, Sketch Entities,
Spline.
Sketch a two-point spline between the endpoints of the two construction lines.
Notice the spline looks exactly like a straight line. That will change when we add
relations to the tangency handles.

151

______________

§eor Axle

Horizontal relation.
Select the spline. This makes the spline handles appear.

Add aHorizontal relation to the spline handle at the rear of the car. Notice how
this makes the spline curve.
151

______________

§eor Axle

Tangent relation.
Press Ctrl and select the construction line at the front of the car body and the

spline.
Add aTangent relation.

o

______________

§eor Axle
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40 Adjust the length of the spline handles.
Making the spline handles longer increases the effect they have on the shape of

the spline.
Experiment by dragging the spline handles. Notice how the shape of the spline
changes.
15—1
13 FTTTTTTT T
.-é; gront Axje gear Axde

P

While thisisvery interactive, it is not precise. There are two ways to precisely
control the length of the spline handles:

m Dimension them
m  Specify their length in the PropertyManager

41 Dimension the spline handles. 4% 15
Click Smart Dimension [¢] on the Sketch & —1

toolbar, or click Tools, Dimensions, i———
Smart. T ] T

______________

at the rear of the car body. Then click in the dear Axe
blank area of the graphics window to place
the dimension.

Set the value to 485.

Repeat this process for the tangent handle at the front of the car body making the
length value 470.
485 15 —1

______________

ﬂJ)Qer:nr Axle

Select the diamond-shaped direction handle !
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42 Extrude a cut.
Click Extruded Cut (& on the Features
toolbar, or click Insert, Cut, Extrude.

Verify that the cut is removing material
from the correct side.

Click OK.
The results are shown bel ow.

Modify the Underside of the Car

43 Create a new sketch.
Select the Right reference plane and click Sketch [E).

44 View setup.
Click Hidden Lines Visible @ on the View toolbar.

Click Right (@ on the Standard Views toolbar to change to the Right view
orientation.

Right

______________

§eor Axle
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45 Construction line. —_—
Click Tools, Sketch Entities, Centerline, or click .|
Centerline [i ] on the Sketch toolbar. ; 1
Sketch a horizontal construction line extending fromthe  fear Axle

rear of the car body as shown below. I
10

Dimension the construction line to be 10mm from the
edge of the hole for the CO,, cartridge.

46 Two-point spline.
Click Spline [ on the Sketch toolbar, or click Tools, Sketch Entities,
Spline.
Sketch atwo-point spline between the endpoint of the construction line and the
front corner of the car body.

s
1]

r_,_,ﬂf’?c;; Rear Axle e
| |
10

47 Tangent relation.
Add aTangent relation between the spline and the bottom edge of the car body.

Dimension the length of the handle to be 750.

BN

48 Horizontal relation.
Add aHorizontal relation to the spline handle at the rear of the car.

Dimension the length of the handle to be 150.

Modifying the Model 82



SolidWorks Lesson 4: Making Design Changes

Engineering Design and Technology Series

49

50

51

Extrude a cut.
Click Extruded Cut (& on the Features
toolbar, or click Insert, Cut, Extrude.

Verify that the cut is removing material
from the correct side.

Click OK.
The results are shown bel ow.

ar Axle

Fillet. /
Click Fillet (@] and set the Radius to 5mm and select
the edges as shown.

Click OK. . Il
tfl .

Fillet.
Click Fillet (@) and set the Radius to 14mm and select
the edges as shown.

Click OK.
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Tip:

Reduction in Mass

52

53

Fillet.
Click Fillet (&) and set the Radius to
5mm and select the edges as shown.

Click OK.

The option Tangent propagation in the
Fillet command will select a chain of
connected edges provided they are
tangent to each other. Thissimplifies
creating thisfillet because you don’t
have to manually select all the edges.

Complete.
The results of the design changes are
shown at theright.

What is the mass of the new body design? Remember, not only do we want to
improve the aerodynamics, we want to reduce the mass.

Mass properties calculations.
What is the mass of the new body design?

Click Tools, Mass Properties, or click Mass Properties [z on the Tools toolbar.

The massis 51.17 grams. How does that compare to the mass of the out-of-the-
box blank?

Most likely, thisis not the exact mass of your design. Why isthat?

Switch configurations.
In the ConfigurationM anager, double-
click the configuration named Default.

Click Tools, Mass Properties, or click
Mass Properties [i& on the Tools
tool bar.

The massis 89.53 grams.
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Percentage Improvement

3

To find the percentage of improvement use this formula:

(I nitialValue—FinalValu

e _
InitialValue ) x 100= PercentageChange

89.53 -51.17

053 * 100= 4285 The change yielded about a 43% reduction in mass.

Save and close the part file.

Assembly Configurations

Note:

We have created a configuration in the part. Next we will create aconfigurationin
the assembly to show the car before and after the changes.

Reopen the assembly.
When you reopen the assembly, the latest version of the car will not be referenced;
all of the changes you just made will not be present.

If you did not close the assembly at the end of Lesson 3, you will get a message
when the assembly window become visible. The changesto the car are detected
and SolidWorks asks if you want to rebuild the assembly.

Models containedwithin the assembly have changed. Would
you like to rebuild the assembly now?

Click Yes.

Switch to the SlE[E

ConfigurationManager. onfiguratic

CI | Ck the COﬂfIguraIl OnM an@er tab = @ COZ Car Baseline Configuration(s) {Control-55mph <Display State-2=)
||'=iE| Control-55mph<Display State-2= [ COZ Car Baseline ]

|% tO Change tO the IF® Defaul<Display State-1= [ COZ Car Baseline ]

ConfigurationM anager.

The active configuration is the one we created when doing the initial Flow
Simulation analysis. Control - 55mph.

Switch back to the default

configuration. B 7| | —
POStI on the Cursor over the = @ CO2 Car Baseline Configuration(s) (Default<Default_Display State-1>)
Default COI’]fI guraﬂ on and doubl e- JFB Control_55mph<Display State-1: [ CO2 Car Baseline ]

|F® Default<Default_Display State-13 [ CO2 Car Baseline ]

click it to makeit active.

The Flow Simulation analysis treetab [ disappears because the default
configuration does not have any analysis data associated with it.
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4 Add anew configuration.
Right-click on the file name and select Add Configuration.

The Add Configuration PropertyManager appears.

For Configuration name, typethe name Car Design Version 1.
Expand the Advanced Options list.

Click the Suppress new components option.

When this option is selected, new components added to other configurations are
suppressed in this configuration.

Click OK.

5 Results. —_—
A new configuration is added to lEAL it

the mbl y = @ CO2 Car Baseline Configuration(s) (Car Design Version 1<Display State-2>)

However, the new configuration is
identical tothe Default
configuration.

We need to change it so that this configuration shows the modified car bodly.
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6 Referencing a different configuration.
Switch back to the FeatureManager design tree.

Right-click onthe c02 Car Blank component in the FeatureManager design
tree and select Component Properties [%].

In the Referenced configuration area, select Design Variation 1.
Click OK.

Compenent Properties @

General properties
Component Name: ~ CO2 Car Blark Instance Id: | 1 | Full Name: CO2 Car Blank<1>

Component Reference:

Component Description: CO2 DRAGSTER

Model Document Path: C:\mderov_work\EDU Projects2011-2012C02 Car Project\files-writing'y
(Please use File/Replace command to replace model of the component(s))

Display State spedific properties
[ Hide Component
Referenced Display State
----- <Default>_Display State 1

Change display properties in:

Configuration spedfic properties

Referenced configuration Suppression state
_____ Defadlt [ : | Suppressed
™ Design Variation 1 (@) Resolved
() Lightweight
Solve as
(@) Rigid
Flexible
. N N Exdude from bill
Change properties in: This configuration v D ek
[ OK ] [ Cancel ] [ Help ]
. J
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7 Results.
The assembly now shows
the modified design of the

car body.

Assembly Configurations
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Lesson 5
Analyzing the Modified Design

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

m Clone aFlow Simulation project thus creating a template that can be used
throughout the design process;

m  Create assembly

m  Reanalyze the model.



SolidWorks Lesson 5: Analyzing the Modified Design
Engineering Design and Technology Series

Analyze the Modified Design with Flow Simulation

The easiest way to redo the analysisisto clone the Flow Simulation project we
created for theinitial design. Thisway we don't have to repeat the work of adding
the goals, defining the computational domain, and adding the various results plots.

1 Activate the analysis configuration Control-55mph.
In the ConfigurationM anager, double-click the configuration named Control -
55mph. Thisisthe fastest and easiest way to switch between configurations.
The Flow Simulation analysis tree tab [ | reappears.

2 Switch to the analysis tree.
Click the Flow Simulation analysis tree tab [ | to access the analysis features.

3 CI_one p_roject. B P R

Right-click the uppermost feature,
Control-55mph, and select Clone E'd:ate new

. ) b existinn
Project from the shortcut menu. ?
In the Clone Project dialog box, click Add Conral 55mph (1]
to existing i Existing configuration:

. | Car Design Version 1 - |

FromtheExisting configurations list, select || 5. eos
Car Design Version 1. ok ] [ oo | [ Fop ]

Select the Copy results option and click OK. \

4 Messages.
When you click OK, you will get a couple of messages:

m Computational Domain

Flow Simulation 2011 l ]

The geometry of the model or project settings have been changed. Do
! % youwant to reset the computational domain?

The system will ask you if you want to reset the computational domain. Click No.
To make it easier to do meaningful comparisons between the two sets of resullts,
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.
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m Mesh Settings

ey

Flow Simulation 2011

Flow Simulation has detected that the model was modified. Do you
/%% wantto reset mesh settings?

Mote: Pressing "Yes" is highly recommended but you have to start the
computation from the beginning. Press "No” if you are sure that the
geometry was not changed. Continuation of the calculation with the
modified geometry will produce wrong results,

L

The geometry of the car body has changed. We' ve rounded the nose and made
other changes. The mesh should be reset.

Click Yes.

Run the solver.
In the Flow Simulation analysistree &=, right-click the uppermost feature, Car
Design Version 1, and select Run from the shortcut menu.

Examine the Results

1 Load theresults.
If the results were not loaded automatically, right-click Results inthe Flow
Simulation analysis tree and select Load Results from the shortcut menu.

2 Show the surface plot.

Expand Surface Plots.

Right-click Surface Plot 1, and select Show.
3 Surface plot results.

For comparison purposes in this lesson, we have also shown the surface plot for
theinitial design.

101487500 101487500
10150333 10150333
101431 67 101431 67
10138000 10138000
10128833 10128833
101216.67 101216.67
101145.00 101145.00
101073.33 101073.33
101001.67 101001.67
10093000 10093000
Pressure [Pa] Pressure [Pa]

Surface Plot 1: contours

Examine the Results

Surface Plot 1: contours

Changed Design Baseline Design
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The drag force is equal to the pressure multiplied by the area. You can seein the
surface plots of the two designs that rounding off the nose of the body resultsin a
much smaller area of high pressure. This means we have reduced the drag force
on the body of the car. However, we have areas of high pressure on the front
portions of the wheels, particularly the rear wheels. We will discussthisin more
detail later in thislesson.

Flow Trajectories
Now let’slook at the flow trajectories.

4 Hide the surface plot.
Right-click Surface Plot 1 and select Hide.

5 Missing face for the first set of flow
trajectories.
Thefirst set of flow trajectories referenced
faces of the car body don't exist in this
configuration. They were eliminated when
the cut features and filletswere appliedto
the body. Therefore, we must redefine the
reference before we can display the plot.

6 Edit definition.
Right-click Flow Trajectories 1 and
select Edit Definition.

For Reference, select the faces of the car by following this procedure:

m Inthegraphics area, right-click Right-click and select
one of the faces of the car body Select Tangency from the
shortcut menu.
and select Select tangency from
the shortcut menu.

This selects all the tangent faces
on the car body, including the
bottom. The flow trajectories plot
for theinitial design did not
include the bottom of the car. So,
to keep the comparison valid, we
need to desel ect the bottom face.
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m Pressand hold the Shift key.
Press the up arrow on the
keyboard twice. Thisflips the
view over 180° so you can seethe
bottom.

Now press Ctrl and click the
bottom face of the car,
deselecting it.

m Pressand hold the Shift key and
press the up arrow twice again.
Thisflips the view another 180°,
back to its original orientation.

Now we have to include the faces
tread of the wheels.

Press Ctrl and select the facesthat
form the tread portion of the front
and rear wheels.

Click OK.

101575.00
101403,33
10143 67
101 350 00
101290.23
101316 67
10114500
10107333
10100 &7
10083000

riace Pl Jotiniatits e g
Fivw Trajeskeriag 1= o ©
W TEaMesd ~ )

:fgg;;ﬁg{‘?_ Changed Design
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Ctrl-select to deselect
this face.

Press Ctrl and select
these two faces.

1STS 00

101503 3%
101421.67
101360.00
101288,33
101216.67
101145,00
LETEEEEY
101001.67
10030 00

Fraszure [Fa]
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7 Display the other flow trajectories.
Display the flow tragjectory plot that referencesthe Right plane.

10157500
0150333
101431 87
0138000
LI
QLRI
014500
007333
01001 87
009000

10157500
0150333
101431 87
0138000
LI
WIHAT
014500
007333
01001 67
009000

Fressure Fal Pressure Fal

Changed Design Baseline Design

Notice the reduction in turbulence behind the car in the modified design.

8 Flow trajectory for front wheel.
Look closely at how the flow trajectories interact with the rear wheel. It appears
the change in the shape of the car body is causing increased drag on the rear
wheel. Itisasif the car body’s shape is deflecting the air flow so it hits the rear
wheel more directly. We will explore thisin more detail later in this lesson.

101575.00

101575.00
101503.33 101503.33
101431.67 101431.67
101360.00 101360.00
101288.33 101288.33
101216 67 101218 67
10114500 10114500
10107333 101073.33
101001 67 10100167
100930.00

100930.00

Pressure [Pa] Pressure [Pa]

Changed Design Baseline Design

9 Flow trajectory for rear wheel.
If you don’t remember how to turn on transparency, review the procedurein
step 16 on page 59.

Looking at the flow trajectories, it appears the modified car body is causing even
more turbulence and eddies inside the rear wheel.

101431 B
101360.00
10128832
101216.87
101145.00
10107333
101001 67
100930.00

101360.00
10128833
10121667

10114500
10107333

Pressure [Pa

Suifate PlLd“Eontours — A Sur#e PloLd: ContaLrs
Frow Trafectories 1 3 g e TrafEciotieg 1
il Trajeclaries 2 il Elet Trajeciofios-2
Flow Jdiectories 3 Fitve Frajeetoies &
Flow Trajectories 4 Flow Trajeciories 4
Changed Design Baseline Design
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Quantitative Results

Note:

The surface plots and flow trajectories don’t give us the full story. It appears that
overal the new design is more aerodynamic, but we don’t know how much of an
improvement we' ve achieved. To take a more quantitative approach we will first
look at the goals.

Create a goals plot. % GoalPlot 7|

Inthe analysistree, expand theResults listingandthe g o
Goals listing.

Goals 3
Double-click Goals Plot 1. T [MGoas v
The Goals dialog box appears. -
Check that both Drag and Lift are selected. —
If they are not, click All.
Click OK.
Excel spreadsheet.
Microsoft® Excel islaunched and a spreadsheet opens. = .
To reduce the size of the image and make it more readable, — .

we are only showing the first three columns, which are the
only ones we are interested in.

CO2 Car Baseline.SLDASM [Car Design Version 1]

Goal Name Unit Value
Drag [p] -23.94611392
Lift [p] -1.073978929

Iterations: 77
Analysis interval: 26

CO2 Car Baseline.SLDASM [Control-55mph]

Goal Name Unit Value
Drag [p] -31.80078735
Lift [p] -4.383855227

Iterations: 80
Analysis interval: 25

The drag value for the new design is 23.95 grams-force. The drag value for the
original design is 31.80 grams-force.
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Percentage Improvement
To find the percentage of improvement use this formula:

(I nitialValue—FinalValu

e _
InitialValue ) x 100= PercentageChange

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

@—1%%9—5) x 100 = 24.69 The changes yielded about a 24.69% improvement.

What About Lift?

It isinteresting to note that the origina design had a downward lift force of
approximately 4.38 grams-force. The modified design has an nearly zero lift
force. In fact, with further modifications, this lift force could change sign and
become upward. Aslong asthisforceis less than the weight of the car (which it
is), it could be beneficial. Thistype of car does not rely on traction for
acceleration and an upward lift force may reduce rolling friction between the

wheels and the track.

CO2 Car Baseline.SLDASM [Car Design Version 1]
Goal Name Unit Value

Drag Ie] -23.94611392

Lift ] -1.073978929

Iterations: 77
Analysis interval: 26

CO2 Car Baseline.SLDASM [Control-55mph]

Goal Name Unit Value
Drag [p] -31.80078735
Lift [p] -4.383855227

Iterations: 80
Analysis interval: 25

Of course, if the lift force is greater than the weight of the car, then the car will
tend to become airborne.
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Why Didn’t We See a Greater Reduction in Drag?

Looking at the wheelsin the surface plot gives usaclue. Thered color in the
surface plot indicates that there are areas of high pressure on the leading portions
of the front and rear wheels, particularly the rear wheels.

1015745.00
101503.33
101431 67
101360.00
10128833
101216 67
101145.00
101073.33
101001 67
100930.00

Fressure [Pa]

Surface Plot 1: contours

The flow tragjectories also provide a clue. There is a significant amount of
turbulence surrounding the rear wheels.

101431,

101360.00
10128833
101216 67

Surfate Plotd<tontours w22

Flow Trafectaries 1
Elavw Trajectaries 2
Flow Frajectaries 3
Flaw Trajectaries 4

Let'slook at this data quantitatively.
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Surface Parameters

Surface Parameters are results that allow you to examine the forces on selected
facesin the model. We will create areport for the rear wheels of the assembly
because they appear to be having the biggest impact on the aerodynamics.

3 Insert surface parameters.
In the Flow Simulation analysis tree, expand
theResults listing.

Right-click Surface Parameters and
select Insert from the shortcut menu.

Select the face that represents the tread of the
rear whesl.

Select All under the Parameters list.
Click Export to Excel.

4 Excel spreadsheet.
An Excel spreadsheet opens.

Surface Parameters 1[Car Design Version 1]

Face<1> <Rear Wheel-1@Revolved>

Global Coordinate System

teration [ ] b
Local parameters integral parameters

Parameter [Winimum __[Maximum __[Average _[Bulk Average [Surface Area [m'2] | Parameter Value X-component |Y-component [Z-component |Surface Area [m'Z]
Pressure [Pa] 101120.052] 101706.73] 101313.089| 0.001528992) Heat Transfer Rate [W] 0 0.001528952]
Densty [ko/m'3] 1.20063573 1.2080885| 1.20308433| 0.001528582 Normal Force [p] 10.6807547| 0.270537514| 2.13265486| 10.4621346, 0.001523352
Velocty [mile/h] 0 0 0 0.001528992) Shear Force [p] 0.176039005| 0.015450754 0.023923231| 0.001528952]
X - Component of Veloclty [mile/h] 0 0 0 0.001528952) Force [p] 10.8553289) 215677608 |_-10.6358547] 0.001528952]
¥ - Component of Velocity [mile/h] 0 0 0 0.001528582 Torque [N 0.004452503| 0.000282151| 0.004355704| 0.000879213 0.001523352
Z - Component of Velocity [mie/h] 0 0 0 0.001528992) Surface Area [m'2] 0.001528952| -5 6984BE-05| 2.31627E-05| -2.06194E-06] 0.001528952]
Wach Humber [] 0 0 0 0.001528582 Torque of Normal Force [N'm] | 0.004394865| 0.000285784] 0.00428792| 0.000872857) 0.001523352
Heat Transfer Coefficient [W/nr'2/K] 0 0 0 0.001528992) Torque of Shear Force [N°m] | 5.82432E-05| -36334BE-06| 5.77845¢-05]  6.3263E-08) 0.001528952]
Shear Stress [Pa) 0] 7.18629585| 152149944 0.001528952) Uniformity Indezx [] 1 0.001528952]
Surface Heat Fux [Wim'2] 0 0 0 0.001528582 CAD Fluid Area [m'2] 0.002067825) | 0.002067825)
Fiuid Temperature ] 293.081754] 293 513865 2933126 0.001528992)

Theinformation we areinterested inisin the section labeled Integral Parameters.
Specifically we want the Z-component of the Force [p].

For this exampleit is 10.636 grams-force.

What Does This Tell Us?

About 10.64 grams-force of drag is attributable to the just the rear wheels.
Comparing that to the total drag force of 23.95 grams-force, we see that the rear
wheels are amajor contributor to drag. In fact, they represent over 44% of the
drag! (10.64 + 23.95) x 100= 44
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Note:

In the note on page 61, we said that to find the total drag on the car you would
have to double the drag force values because we used symmetry during the
calculations. Why didn’'t we doubl e the values for this comparison? The answer is
we displayed the surface parameters for only one rear wheel. That's half of the
number of rear wheels. Since the total drag force data is based on analyzing half
of the car (symmetry) and we are calculating the relative contribution of half of
the rear wheels, the proportions are correct.

Initial design.

In step 3 on page 91 we speculated that the modified shape of the car body might
have increased the air flow to the rear wheels, thereby increasing their
contribution to the drag. Let’s seeif that is actually the case.

Switch to the ConfigurationM anager and activate the configuration named
Control-55mph.

Insert the surface parameters on the face of the rear wheel following the procedure
described in step 3 on page 98. Although we won't show the spreadsheet here, the
Z-component of the force is 9.85 grams-force. Thisis very close to the 10.64
grams-force we got in the modified design, therefore a significant improvement is
not seen in the drag on the rear wheels.

Did Changing the Body Really Help?

We have already seen that redesigning the body gave us nearly a25% reductionin
drag. Since the wheels represent such a significant portion of the total drag, we
must have made a major improvement in the body. Without running an analysison
just the body in its original and redesigned configurations, we can make some
approximations using the data we already have.

If we switch back to the original design and display the surface parameters for the
front and rear wheels we get the following values as shown in the table below:

Drag Source Initial Design | Modified Design
Entire Model 31.80 23.95

Rear Wheel 9.85 10.64
Approximate amount attributable to 21.95 1331

body: (Entire Model - Rear Wheels)

Once again, we can cal culate the percentage reduction in the drag force on the body:

(21.95-13.31) _ 0
L o5 x 100= 39.36 or about 39%.
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Note:

Thisis only an approximation because
there are anumber of factors we did not
take into account. For example, the drag
force on the wheels was estimated using
only the large surface that represents the
tread. We did not include the other faceson
the whee!, particularly theinside faces that
seem to contribute so much to the
turbulence.

So yes, changing the body had a major impact on the aerodynamics. It resulted in
approximately a 39% reduction in drag on the body. And even with the wheels
contributing so much drag, it resulted in about a 25% reduction in drag on the car
asawhole.

Replace the Rear Wheels

We are going to replace the rear wheels with narrower ones to see what impact it
has on the overall drag forces.

New configuration.

In the ConfigurationManager, double-click the configuration named Car
Design Version 1. Create anew configuration named Narrow Rear
Wheels.

Suppress the rear wheels.
Select the two rear wheels either in the graphics window or the FeatureM anager
design tree.

Click Edit, Suppress, This configuration.

The wheels along with their mates are suppressed. They aren’t deleted from the
assembly, they are just “turned off”. They will not be included in any system
calculations.
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3 Addthe narrow wheels.
Drag and drop two instances of the Narrow
Wheel from the Design Library window
into the assembly window.

4 Mate the wheels.
Following the same procedure you used in
Lesson 2 starting on page 24, mate the
narrow wheels to the car body using a
combination of Concentric and Distance
(21.25mm) mates.

5 Activate the analysis configuration
Car Design Version 1.
In the ConfigurationManager, double-click
the configuration named Car Design
Version 1.

6 Switch to the analysis tree.
Click the Flow Simulation analysis tree tab [ to access the analysis features.

7 Cl_one p_rojeCt' rCIone Project l ? i2_1
Right-click the uppermost feature, Car :
Design Version 1, and select Clone ) breate new
. @) Add to existing
Project from the shortcut menu.
In the Clone Project dialog box, click Add Car Design Version 1 (1}
to existing. Existing configuration:
o . . . INarrow Rear Wheels v]
FromtheExisting configurations list, select || 5. eos
Narrow Rear Wheels. o ] [ oows ] [ e ]

Select the Copy results option and click OK. \

8 Messages.
When you click OK, you will get a couple of messages.

Click No when asked if you want to reset the computational domain.
Click Yes when asked if you want to reset the mesh.

9 Run the solver.
In the Flow Simulation analysistree (2], right-click the uppermost feature,
Narrow Rear Wheels, and select Run from the shortcut menu.
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Examine the Results

1 Load theresults.
If the results were not loaded automatically, right-click Results inthe Flow
Simulation analysis tree and select Load Results from the shortcut menu.

2 Show the surface plot.
Expand Ssurface Plots.

Right-click Ssurface Plot 1, and select Show.

3 Surface plot results.
For comparison purposes, we have also shown the surface plot for the previous
design iteration. It looks like replacing the rear wheels had the desired effect.
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Surface Plot 1. conlours Surface Plod 1. conlours

o€

Narrow Rear Wheel Design Wide Rear Wheel Design

4 Display the goals plot.
In the analysis tree, expand the Results listing and the Goals listing.

Double-click Goal Plot 1.

The Goals dialog box appears.

Check that both Drag and Lift are selected.
If they are not, click All.

Click OK.
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5 Excel spreadsheet.
Microsoft® Excel is launched and a spreadsheet opens.

Note: To reduce the size of the image and make it more readable, we are only showing
the first three columns, which are the only ones we are interested in.

CO2 Car Baseline.SLDASM [Narrow Rear Wheels]

Goal Name Unit Value
Drag [p] -11.9897825
Lift [p] -2.585315667

Iterations: 56
Analysis interval: 26

CO2 Car Baseline.SLDASM [Car Design Version 1]

Goal Name Unit Value
Drag [p] -23.94611392
Lift [p] -1.073978929

Iterations: 77
Analysis interval: 26

The drag value for the narrow wheel design is 11.99 grams-force. The drag value
for the original, baseline design was 31.70 grams-force and the modified design

was 23.95 grams-force.

Percentage Improvement

The table below shows the improvement compared to the original, baseline
assembly and the two design iterations:

Design Iteration Total Drag Percent I mprovement

Original design; out- 31.70

of-the-box blank

Modified body, wide 23.95 24.45% compared to baseline

rear wheels

Modified body, 11.99 62.18% compared to baseline

narrow rear wheels 49.94% compared to just modifying
the body

Just as we predicted, replacing the wide rear wheels with narrow ones had a
significant impact on reducing the overall drag.
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More to Explore

Using what you have learned, explore some additional design modifications. Or,
better yet, start developing your own car body design. Using Flow Simulation asa
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 sourceis:
http://www.science-of -speed.com

Click on Showroom.

With SolidWorks and Flow Simulation together you can easily explore many
design variations.
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Lesson 6
Making Drawings of the Car

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

m Create a B-size drawing of the car body;
m  Add different drawing views of parts and assemblies.
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Drawings

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

Drawings communicate three things about the objects they represent:

m  Shape— Views communicate the shape of an object.

m  Size— Dimensions communicate the size of an object.

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

Creating a Drawing and Views

1 Openthe assembly CO2 Car Baseline.
Click File, Open, or click Open || on the Standard toolbar.

Browse to the folder where you saved the CO2 Car Baseline assembly and
open it.

2 Openthe part CO2 Car Blank.
In the graphics window of the assembly, right-click the car body and select Open
Part from the shortcut menu.

3 Open anew drawing.
Click File, New, or click New (3] on the Standard toolbar.

The New SolidWorks Document dialog box appears.
Select Drawing and click OK.

MNew SolidWorks Document [&J

é|

a 3D representation of & single design component

Part

¢

a 3D arrangement of parts and/or other assemblies

Azzembly

3

a 2D engineering drawing, typically of a part or assembly

Drawing

Advanced 0K ] | Cancel | ‘ Help
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4 Select the sheet size.
The Sheet Format/Size window appears.
Deselect Only show standard formats.
For Standard sheet size, select B - Landscape.
Select the Display sheet format option and click OK.
rSheet Format/Size &11

@ Standard sheet size

Preview:
[~ only show standard formats
A (ANSI) Landscape
A (ANSI) Portrait
B (AMNSI) Landscape
C (AMSI) Landscape
D (AMNSI) Landscape
E {AMSI) Landscape il
AN FANETY | anderans

b - landscape.slddrt

Display sheet format Width:  431.80mm
Height:  279.40mm

_| Custom sheet size

[ OK ] I Cancel I I Help

L

The drawing sheet appears.

Cancel the Model View dialogue to bring you to the drawing's FeatureM anager.
design tree.

,,,,, SSALE 11 WEIGHT: SHEET 1 5F 1
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5 Sheet properties. Drau2
In the drawing’s FeatureM anager design tree, right- L] Annotations
click sheet and select Properties from the shortcut

menu. A | Display Grid
. Edit Sheet Format
On the Sheet Properties dialog box, under Type of Add Sheet...

5 | Copy
Delete

projection, select Third angle and click OK. =
[&f | Properties...

-

.
Sheet Properties @
Type of projection
MName: Sheetl - Mext view label: A
() First angle
Scale: 1 = |1 (@) Third angle Mext datum label: A
Sheet Format,Size
(@ Standard sheet size Preview
[~ only show standard format
A (ANSI) Landscape - Reload
A (ANSI) Portrait 3
B (ANSI) Landscape =
C (AMSI) Landscape
D (AMNSI) Landscape
E {AMSI) Landscape il
AN [ANSTY | anderans
C:'ProgramData\SolidWorks\g
Display sheet format
Width:  Value Height: Value
() Custom sheet size
Use custom property values from model shown in:
Default - QK ] [ Cancel
A
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6 Setting drawing options.

System Options | Document Properties

Click Tools, Options, or click

. _ General Display style for new views
OptIOI"IS ||£H on the Sandard D:rawings (©) Wireframe
— - Display Style () Hidden lines visible
tOOI bar " Area Hatch/Fill (@ Hidden lines removed
. . Colors ™) Shaded with ed
On the System Options tab, click || seten o

Drawings, Display Style.

Relations/5Snaps
Display/Selection

Tangent edges in new views

. () Visible
Under Display style for new ie’m;l?”‘e ® Use font
. . . . ssemolies -
views, click Hidden lines External References [CHide ends
() Removed

removed.

Under Tangent edges in new
views, click Use font.

Under Display quality for new
views, click High quality.

Do not click OK yet. Continue with
the next step.

Document properties.
Click the Document Properties
tab and select Drafting Standard.

For Overall drafting standard,
select ANSI.

Creating a Drawing and Views

Default Templates
File Locations
FeatureManager
Spin Box Increments
View
Backup/Recover
Touch

Hole Wizard/Toolbox
File Explorer

Search
Collaboration
Advanced

Reset Al

Display quality for new views

(@) High quality
() Draft quality
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pu
Document Properties - Drafting Standard

===

System Options| Document Properties |

Dfﬂf‘tiﬂg Standard Overall drafting standard

- Annotations [anis1]
#- Dimensions
Centerlines/Center Marks
DimXpert
Tables
1)- View Labels
L Virtual Sharps
Detailing
Grid/Snap
Units
Line Font
Line Style
Line Thickness
Image Quality
Sheet Metal

- Rename Copy Delete

Load From External File...

Save to External File...

[ OK J [ Cancel ] [ Help

Do not click OK yet. Continue with the next step.

8 Annotations font.
Under Drafting Standard, click
Annotations.

Under Text select Font.

Creating a Drawing and Views

-

Document Properties - Annotations

System Options| Document Properties

D:raf'ting Standard Overall drafting standard
=- Annotations ANSI
.. Balloons
-Datums
- Geometric Tolerances Century Gothic
- Motes
Attach ts
-Surface Finishes men
.. Weld Symbols Edgefvertex: —Ji= -
- Dimensions *
. Centerlines/Center Marks Face/surface: M
- DimXpert Unattached: —Je=- -

+- Tables
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9 Choose the font.

Choose Font

TheChoose Font dialog

12 -
14 |:|
For Font Style, select Benzs -
Bold. Effects
AaBbYyiz [[Istrikeout  [7] underline

For Height, click Points
and then select 16.

Font: Font Style: Height:

bOX OpenS Century Gothic Bold (2 Units

i Regular -
Under Font, select - Ttaic o pone
Century Gothic. : | — J

1.00mm

Click OK to close the
Choose Font dialog box.

Then click OK again to close the Options dialog box.

10 Model views.
Click Insert, Drawing View, Model, or click Model
View (3 on the Drawing toolbar.

TheModel View PropertyManager is awizard-like tool that
helps guide you through the process of creating views on
the drawing.

The Open documents list shows al the parts and
assemblies that are currently open. If you wanted to make a
drawing of apart or assembly that was not open you would
click Browse.

Thefirst drawing we want to make is of the car body.
Select the CO2 Car Blank, andthenclick Next & .

Creating a Drawing and Views

Select a part or assembly from
which to create the view, then
dlick Mext.

Part/Assembly to Insert %

Open documents:

@ CO2 Car Baseline

[ Thumbnail Preview ¥
Options ]

Start command when creating
new drawing

Cosmetic Thread Display %

(7 High quality
() Draft quality
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11 View orientation.

In the Orientation section of the PropertyManager,
select View orientation.

) Model Yiew ?
7 R @ e

|Mﬁsage ¥|

Under Standard views, click Right [&].

| Reference Configuration ¥ |

Click Preview. Orientation

[ create multiple views

Under Options, click Auto start projected view.

Standard views:

More views:

[ *Dimetric
[ *Trimetric
[T current Madel View

Preview

| Import options

«

Options
Auto-start projected view

b3

12 Display style and scale. Display Style
For Display Style, click Hidden Lines Removed 7. EEEEE]

b3

For Scale, click Use custom scale and select 1:1. Scale

(") Use sheet scale

b3

(@) Use custom scale

i -

1=1

13 Position the view on the drawing.
Move the cursor into the graphics area. A preview of the view appears.

Click to position the view as shown in the illustration below.
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COZ DRAGSTER

BEO2 Car Blark

SCAIE 1D wECKisl a7 SWEELIDH

z '
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14 Create the top view.
If you recall, in step 11 on page 112 we selected the Auto-start projected view
option. This meansthat once we have placed the first view on the drawing, we can
automatically create additional views projected from it.

Move the cursor above the existing side view. Another preview appears, thistime
of the top. Click to position the view as shown.

Click OK to end the command.

CO2 DRAGSTER ©

e
B-O2 Car Blank
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15 Add dimensions.

Click Smart Dimension [¢] on the Sketch toolbar. Add some dimensions to the
drawing.

Note: The objective of thislesson is not to produce a completely dimensioned
engineering drawing. Rather it isto introduce some of the basic steps engineers go
through when producing documentation for a product.

CO2 DRAGSTER *

T
E-O2 Car Blank
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16 Editing the title block.

Lesson 6: Making Drawings of the Car

Thetitle of the drawing sheet is automatically filled in with information that isin
the file properties of the car body.

Click wWindows, CO2 Car Blank * to switch back to the part document.

Click File, Properties. The Summary Information dialog box appears.

Click the Custom tab. Enter the name of your dragster in the Value column of the
Description and click OK.

Summary Information =NACN X
Summary‘ Custom ‘Conflgulat\on Specific
BOM guantity:
EE -none - - Edit List

Property Hame

Type

Value | Text Expression

Evaluated Value

DrawnBy

Text

A

¥OUR NAME HERE

YOUR

MAME HERE

Description

Text

[]|co2 DRAGSTER

Weight

Text

44

“SW-Mass @CO2 Car Blank.SLOPRT™

ST

Bl W nf -

Material

Text

"SW-Material @CO2 Car Blank. SLDPRT™

Balsa

17 Switch back to the drawing window.

Thetitle block is automatically updated

with the new information.

18 Edit sheet format.
TheDWG. NO. textistoo largefor the

block. Right-click on the drawing sheet
and select Edit Sheet Format.

Double-click thetext CO2 Car Blank

and set the font size to 16.

Click off the menu.

Right-click on the drawing sheet and

select Edit Sheet.

19 Save your work.

TILE:

CO2 DRAGSITER

SIEE DWG. NG,

B-O2 Car Blank

SCALE: 1:T WEIGHT: 51.17 | SHEET 1 OF 1

REW

1

1 Formatting

A

Century Gothic -

16 ~ 423mm | A B

CO2 DRAGSIER

SIZE

i el

C02 Car Blcmk

REW

SCALE: 1:1 |WEIGHT: 51.17 | SHEET 1 OF 1

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

Creating a Drawing and Views
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Using the Drawing to Build the Car

If your school hasaB-size (11" x 17") printer or plotter you can make full size
prints of your car body design. You can use the drawings to make templates for
cutting out the shape of the body.

Use scissors to cut out the side view of your design. You can either trace around
the template, or attach it to the blank using tape or spray adhesive.

However, if you cut out the top view and do the same thing, you will notice it
doesn’t fit correctly. It istoo short. Why isthat?

Too short 7"
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The answer can be found by measuring the blank. The overall length of the blank
is 305mm. However, the length of the angled face is about 309mm — about 4mm
longer. In order to make atemplate that is the right size, we need aview that
“looks" perpendicular to the angled face. Thisis called an auxiliary view.

//'\,
—

Auxiliary Views

307

305

The purpose of an auxiliary view is to show the true size and shape of an inclined
surface which is not correctly represented in the front, top, or side views.
Auxiliary views are taken from adirection of sight other the standard orthographic
directions. The direction of sight is perpendicular to the inclined face you want to
represent. Complete auxiliary views are usually unnecessary and often confusing.
Generally you want to show only the inclined face and that face alone. Arrows
indicate the direction of sight. View A-A, below, isan auxiliary view.

S

N

A .
N WIEW AA
) A/
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Adding Sheets to Drawings.

SolidWorks drawings can contain multiple sheets. Each sheet can contain multiple
drawing views. New sheets are added as needed to fully document the project.

1 Add sheet.

Click on Add Sheet = (near the Sheet1 tab on the bottom of the screen).

A new B-Landscape sheet is added.

2 Model views.
Click Insert, Drawing View, Model, or click Model
View (3] on the Drawing toolbar.

Select the cO2 Car Blank, andthenclick Next & .

3 View orientation.
In the Orientation section of the PropertyManager,
select View orientation.

We want to make a drawing of the car body with an
auxiliary view. To do that we first need the side view.

Under Standard views, click Right &|.
Click Preview.

Under Options, clear Auto start projected view.

Using the Drawing to Build the Car

h | View ?
« R © e

| Message ¥ |

Part/Assembly to Insert &

Open documents:

| Message ¥ |
| Reference Configuration ¥ |
Orientation A

[ create multiple views

Standard views:

More views:

[ *Dimetric
[ *Trimetric
[T current Madel View

Preview

«

| Import options

b3

Options
[ Auto-start projected view
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4 Display style and scale. ——— -
For Display Style, click Hidden Lines Removed 7. ElElaE e )
For Scale, click Use custom scale and select 1:1. A =

() Use sheet scals
(¥ Use cuskom scale

11 A4

5 Position the view on the drawing.
Move the cursor into the graphics area. A preview of the
view appears.

Click to position the view as shown in the illustration below.
Click OK.

CO2 DRAGSTER *

T e )
B.OZ2 Car Blarnk

Reference Edge for Auxiliary View

In order to create an auxiliary view, we need a reference edge that defines the
angle of the projection. Currently the side view only shows the curved edges of
the car body. To get areference edge at the correct angle, we need to see the
original blank. Thisis done by changing the view so it shows the original
configuration named B1ank which we saved before making the modifications to
the design. [See step 3 on page 63.]
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6 View properties.
Right-click inside the
drawing view and select
Properties from the shortcut
menu.

Under Configuration
information, select Use
named configuration and
select Default from the
list.

Click OK.

The view now shows the

Lesson 6: Making Drawings of the Car

-

Drawing View Properties

D [ |

View Properties | Show Hidden Edges | Hide/Show Bodies

View information

Name: Drawing View3 Type: Named View

Mode! information
iew of: CO2 Car Blank

Document:

Configuration information
() Use model's "inuse" or last saved configuration
@ Use named configuration:

C:\mderov_work\EDU Projects"2011-20124C02 Car Project

Defaut

Display State

[ <Default>_Display State 1

Balloons

ori gi nal blank, before we Link balloon text to speciied table i ith parent
: Disp et metal bend notes
made the des gn Displ, unding b
modifications.
OK ] [ Cancel ] [ Help
5 . " 0
: CO2 DRAGSTER
_____ Séi DEEO?quB\an "

Using the Drawing to Build the Car
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7 Auxiliary view.
Click Insert, Drawing View, Auxiliary, or click Auxiliary View [ on the
Drawing toolbar.

Select the angled line in the side view. Move the cursor above the existing view.
The preview appears. Click to position the view as shown below.

3 : & = x S z

o

IS WIEW Ak

et

CO2 DRAGSTER

e D a1

] "
B CO2CarBlank

SCAIEID MWW IT | SMEEIZOR
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8 Change the drawing view
configurations.
Repeat the procedure you
followed in
step 6 on page 121 and
change both views so they
reference the configuration
Design Variation 1.

Lesson 6: Making Drawings of the Car

-

Drawing View Properties

D [ |

View of:

View Properties

View information

Mame: Drawing Viewd
Mode! information
Document:

Configuration information
() Use model's "inuse" or last saved configuration
@ Use named configuration:

Show Hidden Edges | Hide/Show Bodies

Type: Auxiliary View

CO2 Car Blank
C:\mderov_work\EDU Projects"2011-20124C02 Car Project

[Design Variation 1 v]
Display State

[ <Default>_Display State 1 -
Balloons

Link balloon text to specified table

ith parent
et metal bend notes

Design Template

CO2 DRAGSTER

SUE D

rev
B CoOzZCarBlank

SCAIEIN WECHESII? | SHENTOT

2 z

You can now print and cut out the auxiliary view and fasten it to the blank asa
template. Because it is an auxiliary view, it shows the outline true size and shape.

Using the Drawing to Build the Car
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Assembly Drawing

We want to make a drawing of the assembled car, complete with wheels. Thiswill
go on a separate sheet.

1 Add another drawing sheet.
Click on Add Sheet =g (near the Sheet1 tab on the bottom of the screen).

A new B-Landscape sheset is added.
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2 Model views.

Click Insert, Drawing View, Model, or click Model

View (@] on the Drawing toolbar.

Select the CO2 Car Baseline, andthen click Next & .

3 View orientation.

In the Orientation section of the PropertyManager,
select View orientation.

Under Standard views, click Right B'.
Click Preview.

Under Options, click Auto start projected view.

4 Display style and scale.
For Display Style, click Shaded (¥ .

For Scale, click Use custom scale and select 1:2.

Using the Drawing to Build the Car

) Model Yiew

Lesson 6: Making Drawings of the Car

v R @

| Message

Part/Assembly to Insert

Open documents:
\; Baseline Car

%, Oz Car Blank

Browse. ..

|T" bnail Preview

«

Options

»

[]5tart command when

creating news drawing

) Model Yiew

| Reference Configuration

[ create multiple views

Standard views:

More views:

[ *Dimetric
[ *Trimetric
[T current Madel View

Preview

| Import

«

Options

b3

Auto-start projected view

Display Style

b3

EElEIF]E

Scale

b3

() Use sheet scale
(@) Use custom scale

1:3

1=2
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5 Position the view on the drawing.
Move the cursor into the graphics area. A preview of the view appears.

Lesson 6: Making Drawings of the Car

Click to position the view as shown in the illustration below.

s 7 ‘

s

2

SEE b, W

E02 Car Blank

SCALE: 11 WERHT.

[

SHER 3 aF2

| [ =N FTem) ) = PN

Using the Drawing to Build the Car
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6 Create the top view.
In step 3 on page 125 we selected the Auto start projected view option.

This means that once we have placed the first view on the drawing, we can
automatically create additional views projected from it.

Move the cursor above the existing front view. Another preview appears, thistime
of the top. Click to position the view as shown.

Do not click OK yet. Continue with the next step.

T =N Pl ) i P

BEO2 Car Blank
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7 Create other projected views.
Continuing with the process you used in step 6, create three more views:

m  One showing the rear of the car
m  One showing the front of the car
m  Anisometric view

Click OK to end the command.

T =N Pl ) i P

uuuuu BEO2 Car Blank

Fine Tuning the Drawing

Although the drawing shown above looks nice, we're going to make a couple of
changesto improveit:

m Usealarger view scale of 2:3 for the front, top, and side views, but keep the
isometric view at 1:2

m Eliminate the rear view of the car

m Rearrange the views on the drawing sheet

8 Delete view.
Select the view that shows the rear of the car and press Delete on the
keyboard. ' .+
T

A message will ask you to confirm that you want to delete the view.
Click Yes.
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9 Change the view scale.

»

Scale

Click inside the view that shows the side of the car. Thisis T p—
the first view you created on thisdrawing, in © Use custom scale
step 5 on page 126. 23 L

Select User Defined from thelist and set the scale to 2:3.

10 Use parent scale.

»

Scale

Notice that all of the other views also change scale. If you ® Use parent scale
click inside the top view and look at the PropertyManager, 832: s

you will see why.

The views that were projected off of thefirst view are
linked to the scale of the source or parent view.

11 Change the scale of the isometric view.
Click inside the isometric view. In the PropertyManager, under Scale, click Use
custom scale and set the scaleto 1:2.

12 Rearrange the views.
Drag the viewsto position them better on the drawing sheet. Notice that when you
drag the parent view, the two projected views maintain their alignments. You can
drag the isometric view independently.

T =N Pl ) i P

L
L

t
t

BEO2 Car Blank

13 Save your work.
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Lesson 7
Visualization and Rendering

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

Load the PhotoView 360 add-in;

Apply appearances to a model;

Apply ascene;

Create and apply decals to the mode!;

Adjust the lighting for best effect;

Understand what makes an image look realistic and make changesto improve
the realism of the rendering;

m Savearendered image.
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Rendered Images
In the previous lessons, we viewed our model through either OpenGL or
RealView. If we were not viewing the model in RealView, then we werein
OpenGL.

OpenGL

OpenGL (Open Graphics Language) is the default visualization method in
SolidWorks. In OpenGL, models can be displayed as shaded, wireframe or a
combination of the two. All modern graphics cards, regardless of cost, have
OpenGL capabilities.

The visualization capabilities with OpenGL include:

m  Surface shading including color, ambience, diffusion, specularity and
transparency.

m Basic texture mapping techniques.

m Diffused ground shadow.

RealView

RealView incorporates OpenGL but takesit to another level. Morereadlistic effects
can be achieved such as dynamic environmental reflections. All of these effects
are handled by the graphics card. Most modern video cards, in the professional
workstation class, can display all the effects of Real View.

The visualization capabilities with Real View include:

Advanced shading

Reflections (environmental)

Self-shadows

Ground reflection

Advanced texture mapping and bump maps

PhotoView 360

PhotoView 360 is distinguished from Real View in that it is not a process of the
video card and photorealistic renderings can be achieved regardless of the
graphics card used. PhotoView 360 renderings are more photorealistic than
RealView because light rays and reflections are more accurately calculated. The
use of High Dynamic Range (HDR) environmental images allows for greater
realism. PhotoView 360 supports:

m  Self-reflection (reflection of objectsin one another)
m  HDRI (environmental lighting)
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Display Comparison

Lesson 7: Visualization and Rendering

The following image shows a comparison of the same model in OpenGL,
Real View and PhotoView 360. You can see the different aspects discussed in the
previous paragraphs.

Ray Traced Transparency

Bump Map Textures Ray Traced Textures

Self & Environment
Reflections

Accurate
Ground

Shadow \
Self Shadow . Shadow based
/ E“}'l'm"lm“”r EI_] F{!vu‘unmental
Ground Reflection glections 'Bhng
Ray Traced Reflections
OpenGL RealView PhotoView 360

Model courtesy of Product Solutions Ltd.

The Visualization/Rendering Process

Visualizing our models, in any of the three modes, involves the same elements.

m Appearances

Appearances specify the surface properties of the model such as color, texture,
reflectance and transparency. Appearances can be attached to a part, feature, body
or face. Appearances are different from materials. Materials are the physical
properties of the model, so properties such as density and yield strength come
from the assigned material. Appearances only define the way the model looks.
Think of an automobile, the fender may be made of steel (material) which defines
its strength and stiffness, but what we see is the paint (appearance) which isthe
color and shininess.

m Decals
Decals are images, such as company logos that are applied to the model.

m Scenes

Each SolidWorks model is associated with a scene, for which you can specify
properties such as environments and backgrounds. Scenes help to put the model in
context.
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m Lights
When in OpenGL or Real View, lighting is provided by discrete lights. Every
scene applied to the model hasits own set of lights, but you can also add and
adjust the lights to achieve a desired effect.

When rendering using PhotoView 360, the primary light source is from the
environmental image. You can however add discrete light as desired.
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Creating a Rendering

Rendering is the process of applying the appearance, scene, lighting and decal
information to the model and then having the light rays traced and accurately
portray the way the model would look if it were real. Many of the stepsin the

process are done in core SolidWorks with only the final setup and processing done

by PhotoView 360.
Lo.ad the add-in. e = |
Click Tools, Add-ins... and select — | |
. Active Add-ins Start U -
PhOtOVIeW 360 = SolidWorks Premium Add-ins -
Since we are done using Flow Simulation, E). i -
clear that check box to turn off the add-in. LS Featureworks —
~ PhotaView 360
M MScanlosl
CI ! Ck OK. Dfé SolidWorks Design Checker H
. [T &7 Solidwarks Motion B |E
Open th e f' I e_ DE SolidWorks Routing [}
Click Open (%] on the Standard toolbar, and O Scdorts st &
~ . v SolidWorks Toolbox ]
open the CO2 Car Baseline.sldasm rga SoidWorks Toolbox Bronser
i H i [7] i salidworks Utities ]
which you built earlier. o4 Ea—— -
VieW Orientation_ = SolidWorks Add-ins
One key to Creatl ng a real IS“ c renderl ng IS E ::IE\?‘;’Z::S Flow Simulation 2011 E
setting up the view. Both view orientation and ||| seidworks xes driver O
perspective are important ingredients. = O”‘E[’ Add = T ] -
S OK Cancel
Set the view orientation to Isometric (@] and A
select Shaded (@ view mode from the View
toolbar.
Press the Up Arrow key once.
Click Perspective [ on the View toolbar.
Click View, Modify, Perspective and set the Observer Position to 4.
Your model should look like theillustration below.
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4 Save the view state.
Press the Spacebar. The View
Orientation menu appears.

Click New View s§|. The Named

View dialog box appears.

For View name, type RenderO1

and click OK.

View name:

Render0i

*Isometric
*Trimetric
*Dimetric

This saves the view state so you can

returnto it easily.

Render Tools toolbar.

When PhotoView 360 has
been added in, a dedicated
toolbar and
CommandManager tab
becomes available.

This Render Tools toolbar
contains the tools required to
render the model.

The Visualization/Rendering Process

B

Edit | Integrated Preview Final

Edit Edit
Appearance Scene Decal

Options  Schedule Recall

Preview  Window Render Render  Last

Render

Assembly | Layout | Skeich | Evaluate | Render Tools [ Office Produdis |

Render Toals

=)
EXEEEETEYY)
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DisplayManager

The DisplayManager provides an outline view of the SERAE
appearances, scenery, decals, cameras and lighting -
associated with the active SolidWorks part or assembly. ene, Lights, and Came

The DisplayManager indicates which items of geometry = # Scene (Light Cards)

. [d Background (Color)
are attached to which appearances and decals. @ Environment (kitchen)

[s] Lights
@ Armbient
% Directionall

The DisplayManager also makesit easy to:

m Understand the way in which appearance and decal -9 Directional2
inheritance works. 3 Waletrough
m  Select and edit appearances and decals associated with
the model.

m  Access the appearance, scene, lighting, camera and decal properties.
m Transfer appearances and decals between components, features, and faces.

Appearances, Scenes and Decals Tab

The Appearances, Scenes and Decals tab islocated on ez el=
the Task Pane and contains appearances, Scenes, and | appearances, Scenes, and Decals GBI

decals. Appearances, scenes, and decals can be B @
applied to the model by simply dragging the item @ Appearances(color)
from the bottom pane of the Appearance, Scenes and 1@ Plastic

Decals tab and dropping it into the graphics area or j ,T'Ett'd

on the model. 4@ Rubber

1@ Glass
i @ Gloss

L@ Lights
L@ Fabric
@ Organic
L@ Stone

¥
¥
¥
¥

L@ Miscellaneous

e
= & Scenes

i.lgl Basic Scenes

-l Studio Scenes
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PhotoView 360 Options NEIAG
PhotoView 360 has its own options dialog box. Options TN
allow you to customize the PhotoView 360 software to v X

reflect your preferences for default settings. Options are Output Image Settings A

divided into Output Image Settings, Render Quality, Bloom,

Dynamic help

Qutput image size:

Contour Rendering, and Direct Caustics. —

For acomplete listing of all the settings available though g |0 :

the PhotoView 360 Options dialog refer to theHelp menu.  to o5 =

I TFRNENNENSENERCTTTT] 7}

[ TTRNENNENSNNEEETT T ]
Where to Find It 1.33: ld
H o o Fixed aspect ratio
m Click PhotoView 360, Options. . Ba:gmund -
m  Onthe Render Tools toolbar, click Options [@/. Ratio
H H . Image format:
m Inthe DisplayManager, click PhotoView 360 —
Options || . Default image path:
[=d C:\solidWorks Step-by-Step
Make a Configuration for Rendering Browse...

Itisgood practice to make a configuration of the assembly  [Render quaiity
specifically for the purposes of rendering. This way you

b3

Preview render quality:

can make changes to the assembly without effecting things | IGddqm,—'l
like the drawing or the Flow Simulation analysis. Some Good -
H - B H Gamma:

rendering-specific changes you might make include: . =

m Scenes/Lights — You can use different scenes or turn —
lights on or off, change their position, color, intensity, filvom 2
and other optical characteristics. You probably don’'t Contour Rendering v
want those changes to appear in al versions of the — =
assembly; just the one you' re using for rendering.

m  Props - You can add other partsto the assembly to increase the realism of the

rendering. You would not want these parts to appear in the drawing or to be
included in the Flow Simulation analysis.

5 New configuration.
Switch to the ConfigurationManager. The active configuration should be
Narrow Rear Wheels since that is what we used for the final analysis and for
the drawings. If it is not, activateit.

Right-click the top-most icon in the tree and select Add Configuration from the
shortcut menu. The new configuration will be a copy of the active one.

Name the new configuration Render.
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Appearances

Appearances affect the way a surface reacts to light. They may be applied to
assemblies, components, parts, bodies, features or faces. Appearances are of two
general types: procedural and textures. Appearances are far more than just the
color or pattern of colors you see on the screen because they also contain
information about how the surface will reflect or refract light, transparency,
mapping and more. All surfaces of amodel have an appearance applied.

Appearances can be added when we arein the part or assembly, however where
the appearance is attached can make a significant difference in what you see
because of the appearance hierarchy.

Appearances applied to the model are used for OpenGL, RealView and
PhotoView 360 rendering. You do not have to do anything special to use the
appearances for rendering.

Appearances vs. Materials

While materials have appearances associated with them, appearances can be
applied that are completely different from the material. An example would be a
painted piece of steel. The material applied would be steel, which would be used
to calculate the weight of the part and stress cal culated through Finite Element
Analysis, while an appearance of paint would be used to show how the part will
look with paint applied. Additionally, the surface finish of appearances may be
different such as a brass appearance could have a surface finish of cast, rough,
satin or polished.

For our CO2 car, the material balsawas added to the original part. Balsaapplied a
default appearance to the model that 1ooks like awood grain, however a different
appearance was added to make the car ook like a solid color to make it easier to
understand the lessons. To get a better rendering, we are going to add another
appearance to the car to make it look like it has a high gloss paint.
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Hierarchy of Appearances

The place where appearances are .
applied affects the final result. The e
hierarchy in an assembly works
opposite the way it doesinside a e
part.

Assembly Color

If you apply an appearance at the : .

assembly level, it overrides all &
other appearances. If you apply an . Feature
appearance to a part, it is .
overridden by appearances applied : Body
to elements of the part such as e
features, bodies and faces.

Face Color

Eody Color

The hierarchy is: L=

Assembly
Component
Face
Feature
Body

Part

ok wNE

Applying Appearances

There are many methods to apply an appearance to a model. To apply an appearance:

Note:

Applying Appearances

m Drag the appearance from the Task Pane into the graphics area to apply the
appearance to the entire part or assembly.
m Drag an appearance and drop it onto a body, feature or face in the graphics

area. Select from the appearance target the entity to attach the
appearance.

m  Select the part, body, feature or face, then double-click the Appearance
Selection area of the Task Pane.

m Select the part, body, feature, or face, then right-click the appearancein the
Appearance Selection area of the Task Pane and click Add Appearance to
Selection(s) @ .

m  Select the part, feature or face, then right-click the appearance in the
DisplayManager and click Add Appearance.

If you press and hold the Alt key when dragging an appearance onto a part, body,
feature, or face, the appearance’s PropertyManager will open.

Lesson 7: Visualization and Rendering
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Appearance Target

" Al HEel0%%e

e appearance target allows you to 1N Assembly
specify where the appearance will be \ Part
attached. When you drag and drop an Body
appearance on a component, the Feature
appearance target will appear. Select the Face

appropriate icon to attach the appearance.

Note: The choices availablein the appearance target will depend on the geometry
available and whether you are in a part or assembly.
TaS k Pan e «  Appearances, Scenes, and Decals (&
The Appearances, Scenes, and Decals tab on the = 2
Task Pane contains all the appearances, scenes, and | =@ Afﬁeafa"miwmﬂ
decal setups available. You can also put you own 2o -
custom foldersin this area. : g*?ti' ,
+_Q‘ Rubber
+_Q‘ Glass
1.0 Lights
+_Q‘ Fabric
+_Q‘ Organic
+-Lg Stone
L@ Miscellaneous
& Scenes
g Basic Scenes
L Studio Scenes
« Presentation Scenes
—@ Decals
i O Logos
Appearance Callouts e
i @Tﬂ'm Ring-1-1@...
Appearance callouts show the appearances applied to the [l Face<1>@Re...
selected entity in hierarchal order. This can be very useful %“ﬁ":;'f‘
when trying to determine which appearance is being shown. @ mmrng- 1 X
X Remove All Component A...
st X

Where to Find It

m Right-click or click abody, feature or face and select Appearances [@-/.
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DisplayPane sERES <soesSERIG <soew
; i« (¥ ) (r~ )
The D|Sp|ay Pane IS {% Center Control-1 (Default<<Defa I:‘ @ Space Mavigator-1 (Defauli
Used to dISplay and ..[] Sensors [ Sensors
H []--@ Annotations []--@ Annotations

access VI S'Ial »}E Material <not specified> s \<§\ Front \<§\

propertiesof features < [ B $Top &

inapart, and parts or jj}g e g jjjj?; oo f

componentsinan L, origin L o---% (f) Base-1<1> %g ﬁ]
[+-6ta Revolvel [+~ Trim Ring-1<1=

assembl Y. @ Filletl . O #-%§ Button-1<1> a4
..... % Planel % #-%§ Button-1<2> B 4
[]--@ Extrudel . []---% Center Control-1<1> % g ‘
@ Fillet5 . [j---% (-) Rubber Base-1<1> % g Z]
% Fillet2 9 - Mates
-] Filletd
..... ", Aoisl R%
----- @’ CirPatternl

Tip:

Part

Apply appearance

to the car body.

In the FeatureM anager design tree of the assembly,
select the COR Car Blank component. Be sureto
select the part, not the assembly.

You do not want to select it in the graphics window
because you would actually be applying appearance
only to the face you clicked.

Select the Appearance, Scenes, and Decals tab
on the Task Pane.

Click the plus sign next to Appearances and then
Plastic to expand the folders. Select the folder
High Gloss.

Inthelower pane, locate the appearanceblue high
gloss plastic. With the CO2 Car Blank part
till selected in the FeatureManager design tree,
right-click theblue high gloss plastic
appearance and click Add Appearance to
selection(s).

Applying Appearances

Assembly

i

5 ]

« Appearances, Scenes, and Decals &

@ EI‘ Appearances(color)
-7 legacy

il L@ Plastic

= i i i L@ High Gloss

----- L@ Medium Gloss
..... @ Low Gloss

m

blue high gloss plastic
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2 Apply appearance to the wheels.
In the FeatureM anager design tree select all four
wheel components.

Right-click the appearance black high gloss
plastic, also found in the Appearances,
Plastic, High Gloss folder, and click Add
Appearance to selection(s).

We now have appearances on the car and al the

whesls.

Scenes

SolidWorks scenes are made up of the thingswe see
in the rendering that are not the model. They can be
thought of as avirtual sphere around the model.
Scenes are composed of environments,
backgrounds, floors and lights. SolidWorks has a
number of predefined scenes to make initial
renderings quick and easy.

Applying Scenes

Lesson 7: Vis

L v [+ O [ 2

ualization and Rendering

« Appearances, Scenes, and Decals &
B 2

_..? Appearances(color) &
+_‘ legacy

=10 Plastic

..... L@ High Gloss

----- L@ Medium Gloss
----- L@ Low Gloss

m

----- L@ Clear Plastic
----- L@ Satin Finish

----- L@ Patterned
----- L@ Composite

You can access pre-defined scenes from two sources:

m TheAppearances, Scene, and Decals tab in the Task Pane which lists all
the pre-defined scenes that are available to apply to the model. The can be
applied by dragging the scene into the graphics area.

m  TheApply Scenes button on the Heads-Up toolbar. Click the sceneanditis

applied to the model.

Scenes

black high gloss plastic
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1 Apply aScene.
Select the Appearances, Scenes and Decals tab of the Task Pane.

Expand the Scenes folder and then select Bassic Scenes.
Drag the scene 3 Point Faded into the graphics area.

-

Bl SolidWorks [ O-&-H-%- &).g 5 B+ z [P scarchsoid O+ 2 - - B %
e £ B @ @ @

Edit Edit  Edit | Integrated Preview Final Options Schedule Recal
Appearance Scene Decal | Preview  Window Render Render  Last

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

I Appearances, Scenes,... &

MEIRE) QaaYR@- S2F w- @28 |© E)
es

? Appearances(color)
E| Scenes

g\ Basic Scenes
g Studio Scenes
g\ Presentation Scenes
: @ 02 studio scenes

A Scene (3 Point Faded)
Background (Grad
@ Environment (3 pc
s4| Lights

Camera
# Walk-through

| PPN

Y S
L -

[LT 01 _Model [ Motion Study T_]

SolidWorks Premium 2011 x64 Edition Under Defined  Editing Assembly

3 Point Faded

2 Turn on shadows.

If you do not have a shadow under the model, click View, Display, Shadows In
Shaded Mode from the menu.
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3 Change to RealView.
Click View, Display, RealView Graphics from the menu.

Examine the model, there is a shadow and reflection under the model, but the
model looks likeit is suspended in midair. Thisis not exactly what we want aswe
want it to appear that the car looks like it is resting on a shiny surface.

Note: Inmost cases, the floor of the scene will align properly without any additional
steps, however for training purposes this model is aligned differently.
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4 Editing the scene. =y
. . pCles e
Select the DisplayManager tab in the FeatureM anager ) |
design tree, then select View Scene, Lights and Scene, Lights, and Cam... 7

. =] CENE oint Fade
Cameras g Scene (3 Point Faded)
d Background (Gradient)
Environment (3 point be
[)-ls%] Lights
-z Scene lllumination
@ Armbient
@"B Directionalld
@"B Directional20
----- & Camera
----- £ Walk-throu
# Walk-through

Right-click Scene and click Edit Scene.
Select the Basic tab.

5 Adjust the floor. Hoor =
Thefloor isjust aplanar [¥]Fior reflectons
surface under the model. If . Di'j\j:;had"ws
needed, we could add an P
appearance directly to this e

Floor offset:

@ Oin

floor surface. The floor also
hasthe ability to show shadows
and reflections.

Thefloor offset from the model
can be adjusted either through
the Edit Scene
PropertyManager or by
manually dragging handlesin
the graphics area.

Using either the drag handle or
the Floor offset setting in the
PropertyManager, move the
floor until it just touches the
wheels.

Click OK to accept the
changes.
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Rendering

Rendering is the process of calculating the appearance, scene, lighting and decal
information of the model by tracing the light rays through the scene. Rendering
applies al options set within PhotoView 360.

Review Renders

As rendering can take a considerable amount of time for large images with many
refined options, the model rendering can be done in a preview window or right in
the graphics area. The choice of which preview option to useis a personal choice

as both work equally well. In the following examples, the Preview Window will
be used for consistency.

Preview renders are done by a progressive rendering technique where the entire
screen or window is redrawn and then refined until the selected quality is
achieved.

Final Render

Once you are satisfied with the view, appearances, scenes, etc. asviewed in the
Preview Window, the model must actually be rendered. Thisfina rendering is
done in the Final Render window. Once created, the image can then be saved to
any number of image file types.

6 Preview Render.

Click Preview Render (@) on the Render Tools toolbar, or click PhotoView 360,
Preview Window.

The model isrendered to the Preview Window and we can see how the model will
look if we do afull rendering. Note that while we had a distinct shadow under the
model from the directional light created with the scene in Real View, the shadow is
not currently visiblein the rendered preview even though the model iswell lit. We
can also see the reflections of the wheels in the shiny sides of the car.
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@ CO2 carsldasm - Photoview 360 2011 o S S

Now that we have afirst look at the rendered model, we will make some additions
that will add decals to the side of the car and also add the shadow under the car
back into the picture.

The Preview Window may be left open. If it isin your way, minimizeit.

Decals

Decals

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

Decals can have parts of the image masked out. Masking enabl es the appearance
of the underlying part to show through the decal image.

Decals can be made from avariety of image filesincluding but not limited to:

= Windows bitmap (*.bmp)
m  Tagged Image File (* .tif)
m Joint Photographic Expert Group (*.jpg)
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The size and position of adecal is controlled with the Decal PropertyManager.
The Decal PropertyManager, like the other PropertyManagers we' ve seen, hasa
series of tabs to control different aspects of applying the decal.

Decals are normally applied to the part rather than in an assembly.

1 Changeto aright-side view.
Thisview will make it easier to position the decal.

Select the large face on the side of the car body.

2 Apply the Decal.

) B | = (e
Click Edit Decal [g] on the Render Tools toolbar, or click
PhotoView 360, Edit Decal. & % =
The Decal PropertyManager opens. (€ Mapping |7 Humination |

3 Select adecal image. CI= |

Under Image file path, click Browse.... BeealBrevien G

Select Colored Flame.bmp from the CO2 Car Design W

Project\Images folder.

Click Open. M

4 Save as a decal file. Ir:gceoﬁzlecpaﬂ;: —
PhotoView 360 stores decal fileswith the extension *.pd. | B © = P=enres
-_Browse...
Click Save Decal...

Normally decals would be saved in the
...\SolidWorks\data\ graphics\Decals folder. However, you might not

have write permission for the disc drive and/or folder where SolidWorksis
installed.

Therefore, save the decal in the CO2 Car Design Project\Images folder.
Name the decal file Colored Flame and click Save.

Decals 148



SolidWorks Lesson 7: Visualization and Rendering
Engineering Design and Technology Series
5 New folder.
There was only one folder open in the Decal Editor, and it is not the folder where
the new decal is located. SolidWorks asks,

The folder where you have chosen to save this decal is not
currently visible in the Decals folder of the PhotoView 360 Items
in the Task Pane. Do you wish to make the folder visible?

Click Yes. Thiswill add the Images folder to the Task Pane.

Masks M

The preview shows the graphic of the flame on awhite =
background. The actual image fileislong and thin. Thered

crosshatch indicates the portion of the image window that is M

not part of the decal.

Masks are used to selectively remove part of the decal imagefile. All imagefiles
are rectangul ar. Without masks, we could only apply the entire rectangular image.

Masking Techniques Mask Image A

@ Mo mask

No mask will apply the entire rectangular decal. e
Selective color mask

Image mask uses an existing gray scaleimage to oe decal mage sphe
selectively mask out parts of the decal. channel

Selective color mask is used to manually choose which colorsin the decal will
be masked out. Thisisaquick way to create the mask if the decal isasimpleword
or logo, or is against a single background color.

Use decal image alpha channel may be used when the image file used for the
decal has apha channel information. Only certain file types that can be used as
decals can have an alpha channel.

~

Selecting a Color Decal Preview 2

Individual colors from the preview may be W —

selected for masking. With the Pick color [#]
" R: 255

tool, the desired mask color is selected from th TR
e rtsstezattiamtre - [N\ EE

That means, any pixelsin the decal which have the selected color will be treated
as transparent.
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Thecellsin the Selected Colors grid display the chosen
mask colors.

To deselect a color, you would pick the color in the
Selected Colors grid, and click Remove Color. This
unmasks the selected color in the decal. That is, any pixels
in the decal which have that color will be opaque.

Create a mask.

We only want to apply the flame itself as the decal, not the
white background. The mask will filter out the white
background.

Click the Pick color [ button.

Select the white background from the decal image preview
above. It should be the only color selected.

The model view updates to show the new decal

Lesson 7: Visualization and Rendering

Mask Image

b3

() Mo mask
() Image mask file
(@) Selective color mask

= Use decal image alpha
channel

@H:H

Remaove Color

Decal Preview

A

Color:
R: 255
G: 255
B: 255

Image file path:
[ad nages\Colored Flame.bmp

Browse...
Save Decal...

Q

representation.

Don't click OK yet, we still have some work to do.

7 Mapping. [FDecals & 7]
Select the Mapping tab. The decal is not positioned or & X 4=
scaled very well for the model. We will make some e )
adjustments to this now. [ Mapping | % Mumination |
If not already set, change Mapping type to Projection, and  [seiected Geometry A
Projection Direction to Current View. (@S

CO2 Car Blank-1@C0O2 car

Set the model in the graphics view in the Right view
orientation, and click Update to Current. This setsthe
decal on this (right side) planar orientation.

Use the graphics view decal frame to move, resize and
rotate the decal appropriately (approximate placement).
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Dragging edges or anywhere inside the frame moves the image, dragging corners

resizes, and dragging the center ball rotates.

Clear the Fixed aspect ratio check box to stretch the decal so it islonger without

making it higher.

In the Mapping and Size/Orientation areas, these values
can be set more precisely if desired, asfollows:

Horizontal location: 66.00 mm
Vertical location: 0.00 mm
Fixed aspect ratio: cleared

Fit Width to Selection: cleared
Fit Height to Selection: cleared
Width: 165.00 mm

Height: 38.00 mm

Rotation: 6.00 deg

Do not click OK yet. We still have more work to do.

Decals

s A

Projection -
&
Update to Current

==+ | 56,00mm =
[ TTENENSNENENREEFTTTTT ]

1 0.00mm )
[ TENNERRNRRRRERET T

Size/Orientation ]

[~ Fixed aspect ratio
[ Fit width to selection
[T Fit height to selection

O | 165.00mm =
[ T MR R RRRRE T

IO  3s.00mm =

Aspectratio: 4.34: 1

9.1 jmm z

[~ Mirror horizontally
[~ Mirror vertically

Reset to Image
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What You Can’t See Doesn’t Matter

One curious effect of projection mapping is that the
texture, in this case the decal, goes all the way
through the object it is applied to. That means it
shows up on the other side of the car.

With rendering, we are only concerned about how
the picture looks. Remember, thisisn’t real. When
you are applying textures and appearances, you only
have to be concerned about what the “camera’ sees.
If something is hidden from view, don’t worry about
it.

In this case, we can use projection mapping to our advantage because it can give
us the appearance of having the decal on both sides of the car. But that only
matters if the view shows both sides of the car.

8 Reset the view.
Press the Spacebar to bring up the View Orientation palette.

Double-click RenderO1 to change back to the view we saved for rendering.
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9 Preview Render.
Examine the preview render in the Preview Window

The flames add some interest but they look alittle dull. We can also see that the
rear whedl is not reflected in the decal the same way it is from the blue surface.

f ™y
(@ CO2 carsidasm - Photoview 360 2011 [ESREERX
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What Makes an Image Look Realistic?

The human eye and brain are very keen at observing and very hard to fool. That is
why special effects companies spend millions of dollarstrying to develop ever
more sophisticated ways of generating computer graphics for special effects shots
in movies. It would be very difficult to make arendering so redlistic that people
would mistakeit for an actual photograph. But by understanding how we interpret
certain aspects of an image, we can make improvements.

Reflections

Highly reflective surfaces are visually more interesting when there are detailsin
the environment for them to reflect. In this case, the glossy paint reflects the floor
and the wheels. There are aso specular highlights from the environment. These
arevisual cues that enhance the realism of the image.

However, they can also work against us. Look closely at the highlights on the blue
appearance. The highlight is only on the blue paint and not on the decal. Also, the
reflection of the floor is not continuous across the decal. Thisis because the
illumination appearance of the decal is different from the blue body appearance.

10 Illumination. (TDecals 7|

Click on the lllumination tab. @ % 45

When the decal isapplied, it hasitsown set of illumination (I mage 1
properties that can be adjusted separate from the properties  [€ Mg || % tluminaton |

of the underlying surface. Asthisdecal isappliedto avery [miumnation A
shiny surface, we would like the decal to be shiny aswell. Dynamic help
Rather than manually duplicate the properties of the ([ use underlyng sppearance)

underlying surface, we can select one option and it will o
keep the decal’ s properties the same as those of the surface =

itisapplied to. : :
In the Decal PropertyManager, select Use underlying - =
appearance. —
Click OK.
o -
0.20 : 2
Blurry reflections
]:u.u:u:u 2
0.00 w/fsrm~2 £
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11 Preview.

Examine the Preview Window. Check the reflections of the rear wheel and you
can see that the wheel is now reflected exactly the same from the decal and the
blue surface. This gives the impression that both the blue color and decal are
under a shiny clear coat.

f ™y
(@ CO2 carsidasm - Photoview 360 2011 [ESREERX
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Props

Photographers and artistsinclude propsin their work to provide visual interest and
to give the subject a sense of context. You can do the same thing with arendering.

We Need a Real Floor

12

We want to add a couple of CO,
cartridges as props. We want to
have them sitting on the floor
next to the car. However, the
“floor” we seein therendering is
avirtual floor. It doesn’t exist as
geometry in the assembly.

Sincethe origin of the car body is
mated to the origin of the
assembly, the assembly’s Top
plane cannot serve as a substitute
floor because it is located above
the bottom of the wheels.

The solution is to add afloor for the purposes of adding and mating the CO,
cartridges.

Add afloor.

Click Insert Components [

Click Browse and select the
Floor.sldprt file from the CO
Car Design Project folder.

Add aParallel mate between the
Top reference plane of the Floor
and the Top reference plane of the
assembly. Thiswill keep the Floor
from tilting.

Add a Tangent mate between the uppermost face of the Floor and the bottom of
the wheels. This locates the Floor vertically.
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13 Add two instances of the

CO2 Cartridge.

Use a combination of mates,

Rotate Component, Move &

Component, and Physical

Dynamics, to position the

cartridges.

Strive for an interesting

arrangement that is not too
“mechanical”.

Tip:  When you get one of the cartridges positioned the way you want it, right-click it
and select Fix from the shortcut menu. Thiswill lock it in place so it doesn’t move
when you are positioning the second cartridge.

14 Hide the Floor.
We do not want to include the Floor component in the rendering.

Right-click the Floor and press Hide. We could have aso deleted the Floor,
however by just hiding it, it can be used again easily if we decide to add additional
props.

15 Fix the cartridges.
If you didn’t fix the cartridges in step 13, do so now.

Press Ctrl. Select the two instances of the CO2 Cartridge. Right-click and select
Fix from the shortcut menu.

Thiswill prevent them from accidently being moved.
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16 Change view.
Reset the view to the saved state RenderO1.

17 Open the CO2 Cartridge part.
Right-click one of the CO2 Cartridge components
and select Open Part from the shortcut menu.

18 Add appearance.
Select the Appearances, Scenes and Decals tabin
the Task Pane, then expand the Metal and then Brass
folders.

Drag the polished brass appearance into the graphics area, thiswill apply the
appearance to the entire part.

19 Add adecal.
Select the cylindrical face of the cartridge.

Click Edit Decal (@] on the Render Tools toolbar.
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20 Create a decal from an existing file. Decal Preview A
Browse... to Label.bmp from the CO2 Car Desi -
Do Pl en ACME

roject\Images folaer. DO NOT HEAT
; MFG. 05-2005
Click Open. PIN 90210-43

. R S R
21 Save the decal file.
Image file path:

Savethedecal file (Save Decal...) tothe COR Car Design | &=

ges'Label.bmp

Project\Images folder. B
Name the decal f| I e Label Save Decal...
Click Save.

22 Create a mask. Mask Image A
We need to create amask to filter out the white background e ﬁf;;:snl:ask o
SO that Only the bl a:k |ettel’S ShOW When the decal |S Selective color mask
rendered. Astheimageisaready black and white, we can e
use the same image as amask by just reversing the colors.
Select Image Mask File. Click Browse and select the same % Nco1l'\l-,llEAET

Label. BMP image as the decdl file. MFG. 05-2005
P/N 90210-43

Select Invert mask, thiswill reverse the black and white of
the image so that in the mask, the letters are white
(transparent) and the background is black (opague).

| Invert mask

Mask file path:
[ad] C:\CO2 Car Design Projec

Browse...
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23 Adjust the mapping. Mappi A
Click the Mapping tab. Cyindrica -

For Mapping type, Cylindrical should already be selected .
because we applied the decal to acylindrical face.

Because we are applying the decal at the part level instead | A [136.00e0 =
of in the assembly, the Axis direction should already be set L ;
to Selected Reference. Face<1> represents the T oown
cylindrical face of the cartridge you selected in step 19. e — =
Itisnot critical that your settings match what isin the book. | [/Fxedaspectrato

. . . . . . [ Fit width to selection
The important thing isto look at the graphics view preview | - “
and adjust the settings to achieve the look you want. E2 [25.000mm -

[ TTENNNSRENERNEECTTTT] ]

IO | 15.09009009mm =

Aspectratio: 1.66: 1
< | 270.00deg )

[~ Mirror horizontally
[~ Mirror vertically

Reset to Image

When you are satisfied, click OK.

24 Switch back to the assembly document.
Click Window, CO2 Car Baseline.sldasm to switch back to the assembly.

When you add a decal at the part level it appears on the face of both cartridges.
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25

26

27

28

29

30

31

Fine tune the position of the label.
We can't see the label aswell aswe'd like on one of the cartridges. We have two
options:

m Rotate the cartridge around its centerline axis so the label is more visible.

m Edit the mapping of the decal to position it better. The problem with this
approach is that the decal will move on both of the cartridges because it was
added at the part level.

We will rotate the cartridge, not the decal.

Hide the car.
Press Ctrl and select the car body and all four
wheels.

Click Hide/Show Components [§) on the
Assembly toolbar.

,@S&i\
- @\}ﬁ A\

Temporary axis.
Click View, Temporary Axes.

This make the temporary axes that are associated
with all cylindrical features visible. We will
rotate the cartridge around this axis.

Float the cartridge.
In step 15 on page 157 we fixed the cartridges so they wouldn’'t move. Before we
can rotate the cartridge, we have to float (unfix) it.

Right-click the cartridge you want to rotate and select Float from the shortcut
menu.

Rotate component. Rotate A
Select the cartridge you want to rotate. 3 [About Entity -

Selected item:

Click Rotate Component (&) on the Assembly toolbar. ®
Select About Entity and then select the temporary axis.

Rotate the cartridge until the decal isvisible the
way you want it.

Click OK.

Fix the cartridge.
Right-click the cartridge and select Fix from the
shortcut menu.

Turn off the temporary axes.
Click View, Temporary Axes to toggle off the display of the temporary axes.
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32 Show the car.
In the FeatureM anager design tree, select the car body and the four wheels.

Click Hide/Show Components [g)] on the Assembly toolbar to toggle on the
display of the components.

33 Preview Render.

The props make the rendering more interesting and put the car in context —it is
powered by a CO, cartridge.

& CO2 carsldasm - Photoview 360 2011 = | B |

Shadows

As our model is now pictured, we are using a studio set up. The model is shown
against a seamless background of a single color as compared to an image of the
model placed in a scene where it might be on atable top or on the race track.

When rendered in PhotoView 360, any discrete lightsin the scene are turned off as
the default. As all the light comes from large light sources in the scene, the
shadows are very soft and not very well defined. To make the scene more
interesting, we can turn on one of the directional lights in PhotoView 360 and
have it cast a shadow to give amore realistic effect.
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Lighting
Proper lighting can greatly enhance the quality of arendering. The same
principles used by photographers work well in PhotoView 360.

Lights are created and positioned in SolidWorks. PhotoView 360 has separate
options to control the brightness of the lights separate from that used in
SolidWorks as well as controls to show shadows and their quality.

Types of Lights

There are four types of lightsin SolidWorks. Ambient, Directional, Point, and
Spot. In this exercise, we will only deal with one type, the directional light:

Directional light comesfrom asourcethat isinfinitely far away from the model. It
isacollimated light source consisting of parallel rays arriving from asingle
direction, like the sun. The central ray of adirectional light points toward the
center of the model.

Currently the Lights folder [ in the DisplayManager contains one Ambient
light and two Directional lights.

You can turn the ambient light on or off, but you cannot deleteit or add additional
ambient lights. The ambient light is not used in rendering.

You can turn the directional lights on or off, or delete them. You can also add
additional directional light sources.

The maximum number of light sources in any document is nine (the ambient light
and eight othersin any combination).

1 Turn on adirectional light. SEAG)
In the DisplayManager, select View Scene, Lights and @ EIE -
Cameras g . [ Scene, Lights, and Cameras ? |
Expand the Lights folder. 448 Scene (3 Point Faded)

Lights

.= Scene lllumination
@ Armbient

..... B Qé\' Directionall

..... B Qé\' Directional2
Camera

Notice that next each directional light that there are two
icons. Thelefticon & indicates the light's statusin

SolidWorks and theright icon & the statusin PhotoView
360. Like other icons in SolidWorks, a colored icon A Walk-through
indicates on and a gray icon indicates off.
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Right-click the light Directionall and click On in
PhotoView.

Theright icon isnow colored &, indicating the light is
on in PhotoView 360.

Turn on shadows.

In the DisplayManager, double-click the light
Directionall. Thiswill open the PropertyManager for
the light. The PropertyManager has two tabs. The Basic
tab controls the lights visual properties for OpenGL and
RealView. Also on this tab are controls to position the
light.

Select the PhotoView tab. Thistab has a control for the
brightness of this light in PhotoView 360 and is
completely independent of the Brightness control on the
Basic tab.

Select Shadows. Thiswill turn on the shadows for just
this one light when the image is rendered.

Click OK.

----- -z Scene lllumination
@ Armbient

..... o8 @,"‘ Directicnall

..... o8 Q&' Directicnal2

g Camera

------ # Walk-through

* .Directionall______ 7|
R

Basic || PhotoView

Photoview Controls A

On in PhotoView

Brightness
1w fsrm~2 =
([ TTENENSNENENINNENEEFTTITT ]
3
Shadows | A
Shadow softness:
0.00deg =

il
Shadow quality:
15 =
[ TTRNENEENEENINNENEEFT T 7]
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3 Preview Render.
We can now see avery hard shadow under the car and the cartridges from the

directional light.

Are we done? There is no firm answer to that question as rendering is very
subjective and you could continue to adjust and tweak the settings to get
something else. For now however, we have a good setup for the final rendering.

f ™y
(@ CO2 carsidasm - Photoview 360 2011 [ESREERX
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4

Lighting

Final render.
Now that we have everything setup the way we want, we need to turn the image
into aform that is usable in other programs.

Click Final Render |@] on the Render Tools toolbar.

The Final Render window will open and rendering will begin. There will be four
irradiance passes where you will see the a partial image appear in four stages as
PhotoView 360 calculates al the lighting, reflection and refractions in the scene.
After the irradiance passes, the scene will be rendered in little squares which are
referred to as buckets. The number of buckets will be based on the number of
computer CPU cores and threads that are available in your computer.

-
@ Final Render (Zoom: 100%) =L

Shading
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Output Options

When the image s first rendered, it is only visible on the computer screen in the
Final Render window. PhotoView 360 keeps the last ten rendered images
availablefor recall. To make these images usable in other programs, they must be
saved as an imagefile.

Image files can be used for many purposes, including web pages, training
manuals, sales brochures, and PowerPoi nt® presentations.

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

File Types
Rendered images can be saved to the following file types:

Flexible Precision Image Format (* .fIx)
TARGA (*.tga)

Windows Bitmap (*.bmp)

Radiance High Dynamic Range HDR (* .hdr)
JPEG (*.jpg)

Portable Network Graphic PNG (*.png)

SGI RGB (*.SGlI)

TIFF (*.tif)

Open EXR (*.exr)

Methods to Increase Rendering Quality

The quality of the image file can vary depending on the options chosen in both
SolidWorks and PhotoView 360. Generally speaking, rendering quality and
rendering time are directly proportional. Some choices to improve image quality
are listed below.

Note: Not all of these options were covered during this introduction to rendering. For
more information, ask your teacher about getting a copy of Photorealistic
Rendering using SolidwWorks and PhotoView 360. It is available from your
school’s value-added SolidWorks reseller.

m Increase SolidWorks image quality.
PhotoView 360 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.
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m Increase the PhotoView 360 rendering quality.
PhotoView 360 has four levels of render quality: Good, Better, Best and
Maximum. Each increase essentially doubles the rendering time of the
previous quality setting. Except to achieve very specific rendering goals, Best
isusualy asufficiently high enough quality for most purposes.

m Increase the number of pixels rendered.
Set the number of pixels rendered to alarger number in the PhotoView 360
options.

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

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 ageneral rule, do not scale up
bitmap images. This causes|oss of definition. Images may be scaled down, but the
origina 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. Asit takes multiple ink dotsto create most colors, the pixels per inch that
are rendered should be less than the dots per inch the printer can create.

Calculating Correct Number of Pixels

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

Answer: Work backwards from the output.

For general reference, web images use a resolution of 96 dpi. Newspapers use
resolutions from 125 dpi to 170 dpi. High-quality brochures and magazines use

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

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

Multiply the size of the final printed image by the quality desired. The correct
number of pixels can be entered directly in the PhotoView 360 options.
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Example #1

Suppose we want to include arendering of the CO, Car in a Microsoft Word
report and would like a high quality image of 300 ppi. We want the image to be
5 inches wide and 3.75 inches high.

Multiplying the size of the desired image times the ppi gives 1500 by 1125 pixels.

1 Set size and quality. Photoview 360 Dptio
Click Options (@] on the Render Tools toolbar. v R
Enter awidth of 1500 and a height of 1125. i &
For image format, choose Tagged Image Format File Output image size:
TIF from the list. TIFF files provide good print quality, - M
but result in alarge file size but with excellent definition. |2 e
Select Best for the Final Render Quality. = R T
CI I Ck OK . 1‘;32i3:(eld aspect ratio

2 Ren d er. Use Background Aspect Ratio
We have to render the image again because we changed | ™
the Settl ngs Defaultimage path:
Click Final Render (@] on the Render Tools toolbar. = C:\5°"dw°:fw&m

3 Savetheimage. — A
Now that the image is rendered, it must be saved to a R T
separate file to be usable in Microsoft Word. Best -

Final render quality:

Click Save Image in the upper right corner of the Final
Render window. — _
Name the file CO2 Car.tif and saveit to the CO2 Car —

Design Project folder. Aswe selected Tagged Image

Format File TIF in the PhotoView 360 options, that isthe file type selected. If we
needed the file to be saved to other formats, we could just change the file type
here.

Click Save.

4 Examine the file.
Locate thefile COR Car.tif and openit in any image viewer to check your work.
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Example #2

Suppose we want to incorporate our rendering into a PowerPoint presentation.
PowerPoint presentations generally useimagesthat are 96 ppi. We want the image
to be 5.5 inches wide.

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

To maintain the same aspect ratio, calculate the correct height; —2- 5.5

Multiplying the size of the desired image times 96 dpi gives 528 by 396 pixels.

5 Set size and quality. Photoview 360 Optio
Click Options (@] on the Render Tools toolbar. v R
Enter awidth of 528 and a height of 396. °;‘;t:“h“|:5e““ A
For image format, choose JPEG from thelist. JPEG files |outputimage siz=:
are compressed and much smaller than the higher quality | E
types. They are one of the preferred filetypesfor useon |2 2% e
the web or cases where alot of images are required. o [ss 5
[ TTRNENNNNEREENEEFTTTTT 7}
Select Best for the Final Render Quality. 133:1
/| Fixed aspect ratio
CI | Ck OK . Use Background Aspect Ratio
6 Render. fmece f"J—;rE“:t’ —
Click Final Render |@] on the Render Tools toolbar. Default image path:
H Ld o YCO2 Car Design Project
7 Savetheimage.
Now that the image is rendered, it must be saved to a
separate file to be usable in Microsoft PowerPoint. Render Quality A
Preview render quality:
Click Save Image in the upper right corner of the Final [Best -
Render W| ndOW lFinaI re;de;quality: .
Namethefile CO2 Car.jpg and saveit to the COR Car -
Design Project folder. i sl
Click Save.

8 Examine the file.
Locate the file COR Car.jpg and openit in any image viewer to check your
work.

Notice that there is alarge difference in file size between the TIF and JPEG
images. Part of the difference is the size of the images as the TIF image has more
than eight times the number of pixels. The remainder of the difference is from the
filetypes.

9 Save and close.
Save and close al openfiles.
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