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Lesson 2
Designing the Race Car

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

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

Apply Standard mates between components in the Race Car assembly
Create an Exploded configuration of the Race Car assembly

Apply the Mass Properties tool

Apply the Measure tool

Open Parts from the Race Car assembly

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

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

m Friction

Energy used to

overcome friction is

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

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

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

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

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

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

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

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

12 Important Design Considerations
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About Balsa

Start SolidWorks and open an existing part

1

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

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

Balsa wood imported into North America is
plantation grown. Don’t worry about

destroying the rain forests by using balsa —
it grows incredibly fast. In 6 to 10 years the

Lesson 2: Designing the Race Car

Ecuador

tree is ready for harvesting, having reached a height of 18 to 28 meters (60 to 90
feet) and a diameter of about 115 centimeters (45 inches). If left to continue

growing, the new wood on the outside layers becomes very hard and the tree
begins to rot in the center. Unharvested, a balsa tree may grow to a diameter of
180 centimeters (6 feet) or more, but very little usable lumber can be obtained

from a tree of this size.

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

harvest it.

Start the SolidWorks application.

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

is displayed.
Open the Design Library.

Click the Design Library || tab from the Task

Pane.

About Balsa

T

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

.i/' General Information

Community

¥

o

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

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

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

Note: This may take 1-5 seconds.

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

SolidWorks
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Design Library
L |

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

~

Axle

¢ @

Race Car ‘Wheel

Black

Analysis

(7

PhotoView

Flow
Simulation

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

You can select features, sketches, drawing views,

either pane.

and construction geometry in

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

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

Extruded
cut

Hole

Wizard Cut

Revalved m Lofted Cut

@ (L1

Filet Linear
Pattern

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

Swept Cut
»

@ Boundary Cut

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

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

P

QAASHE @i @ R-E-

-8 %

Solidworks Premium 2011

Editing Part

]
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4

Note:

Review the created features and

sketches in the model.

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

The Balsa Block feature is
displayed.

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

The Balsa Block is 223mm x

Lesson 2: Designing the Race Car

sEEee >
T

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

[ Sketchs =,

—~—

Y TS
e .

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

50mm x 65mm. If you plan to use a fixture to machine your car, you must make

sure that your design is no longer that 210mm. Most fixtures have a nose plate that
holds the front of the balsa block and if your design is too long, it can/will end up
breaking the endmill or possible damaging the fixture.

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

View the features in the graphics area.

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

Drag the rollback bar downwards to
aposition beforethe CO2 Cartidge
Hole feature. View the features in
the graphics area.

Double-click the CO2 Cartidge
Hole feature in the FeatureManager.
The feature is displayed in blue and
Sketch3 is displayed.

DEEEE
7

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

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

=i @ Bialsa Block

[ sketchi

i Eve Slot

02 Cartridge Hole
Holg Cut Gut

%" Sketchd

sOlk®el >
.’?
Q& .a:E- Car Block

Sensors

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

= [§ Balsa Block

[ Sketchi

= IE Screw Eye Slot

(Default < <Defa

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

Start SolidWorks and open an existing part
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Double-click the Ax1e Hole Cut Out

feature in the FeatureManager. The feature is
displayed in blue and Sketch4 is displayed.

Drag the rollback bar downwards to a position

before (-) Sketchb.

SolidWorks

Engineering Design and Technology Series

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

(-) Sketchb is the sketch of a Spline.

Splines are used to sketch curves that

have continuously changing shape. Splines are defined by a series of points
between which the SolidWorks software uses equations to interpolate the curve

geometry.

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

that are smooth.

Note:
the designer.

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

WjsalidWorks | Fie Edt vew Insert Toos

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

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

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

Extruded Hole Revolved m Lofted Cut
Wizard

Swept Cut @ b1 @ Rib @ Wrap

Fillet Linear E raft a Dome

Pattern
E Shell @ Mirror

A=
>

Cut
B Boundary Cut

Features | Sketch | Evaluate | DimXpert | Office Products |

- 8 X

E@[@I@@l 2

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

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

aaymE-F o @ Ra-8-

2 @

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

v E Sketcha @

Click inside the graphics area.

Extruded Cut Feature

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

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

Click Edit Sketch from the Context

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

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

Click the Features tab from the
CommandManager. The Features

Featurﬂ Sketch | Evaluate | Dimxpert | Office Products

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

| ] Thin Feature

&«

»

| selected Contours

<>

Extruded Cut Feature 17
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Click the two surfaces as illustrated in the graphic area. Sketch5-
Region<1>and Sketch5-Region<2> are displayed in the Selected
Contours dialog box.

Click OK from the Cut-Extrude PropertyManager.
Cut-Extrudel is displayed in the FeatureManager.

Click inside the graphics area. View the results.

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

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

¥ X &

From Lo
Sketch Plane w

Direction 1 A

IEI Thraugh Al v

o N

[CIFlip side ko cut

Y|

Draft outweard

|0 pirection 2

&«

|0 Thin Feature

«

Selected Contours il

24.93mm  -191.56mm  Omm Under Defined  Editing Sketchs E

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

the Menu

bar menu to

obtain access to both menus in this book.

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

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

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

Extruded Cut Feature
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Note:
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Press the z key to Zoom out. Press the Z
key to Zoom in. Press the f key to fit the
model to Graphics area.

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

Click the Extruded Cut[&] tool. The
Cut-Extrude PropertyManager is
displayed.

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

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

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

Click Save from the Menu bar
toolbar.

SolidWorks

Engineering Design and Technology Series

@ Swept BossBase ' ﬁ‘

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

Cut Wizard

Direction 1 A

ﬂ,{ Through All i~

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

Draft oubwiard

L)/
|O Thin Feature v

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

Right-click Sketch7 from the
FeatureManager.

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

Click Back view from the Heads-up
View toolbar.

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

View the dimensions of the sketch.

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

hole.

Extruded Cut Feature

Lesson 2: Designing the Race Car

= Screw Eye Slot

_§|§|§ 12 =

Roll to Previous

Comment

oo

Hidden Lines ¥is

ible

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

!
|
i
! —R14
+ +
vs
SO EOO 21.50

65
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Note:

22

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

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

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

Check the Flip side to cut box.

View the direction of the
extrude feature arrows.

SolidWorks

Engineering Design and Technology Series

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

= =@.-0 -

Fea%res Sketch | Evaluate | Dim
e 1

Extruded Revolved Extruded
Boss/Base Boss/Base ) Cut

Features | Sketch | Evaluate | DimXpert | Office Prd

From A
!Sketch Plane ¥
Direction 1 A

1 |
EFHD side ko cut

) [coamge e skt be )

Direction 2 A

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

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

R14
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Click Isometric view
from the Heads-up View

toolbar.

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

Click inside the graphics
area.

Click Shaded With

Edges from the

Heads-up View toolbar.

5 Save the model.

Click Save []

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

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

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

=] @ Cut-Extruded I
z‘l'y

< | ¥ *Isomefric

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

24

1

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

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

Click Right view from the Heads-up
View toolbar.

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

View the sketch dimensions.

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

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

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

Select Mid Plane for End Condition in
Direction 1.

Enter 50.00mm for Depth.

SolidWorks

Engineering Design and Technology Series

8

SolidWorks | Fie st

Extruded Revolved C
Boss/Base Boss/Base ey

Fea%res | Sketch I Evaluate f 5

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

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

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

Click inside the graphics
area.

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

the created features.

Lesson 2: Designing the Race Car

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

[H_j Wrap
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T
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@ Annotations
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% Top Plane

i Q Right Plane
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B sketeht

E@ Screw Eve Slot
- sketchz
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B Sketehs
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@ Cut-Extrudel
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@@ Cut-Extrude3
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Editing Part
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Create the Front Wing
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3 Save the model.

Click Save from the Menu bar toolbar.

Create the Rear Wing

26

1

Create a Sketch.

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

Right-click Right Plane from the
FeatureManager.

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

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

arca.

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

SolidWorks

Engineering Design and Technology Series

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

wept Cut
fted Cut

pundary Cut

HH @ Rib |Ea:ﬂ] Wrap

Fill§ *Linear e
Save (Ctrl+S)

Saves the active document. irror

SR EIE
(T ]

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

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

Sketches a line.
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Zoom in on the back of the car as illustrated.

Click the Zoom to Area | | tool from the Coincident

Heads-up View toolbar to deactivate. \ /

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

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

Sketch Entities

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

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

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

displayed.

Enter 2mm for Fillet Radius.

Click the left endpoint of the
horizontal line.

Click the right endpoint of the
horizontal line.

Click OK from the Sketch
Fillet PropertyManager.

Click OK from the Sketch
Fillet PropertyManager.

SolidWorks

Engineering Design and Technology Series

@-nN-E %k [
D@ IE
© PRx . .

3Iuate ) %ketch Filet <—

Fille

| Message

o X @

«‘

-\l Sketch Chamfer

F | Entities to Fillet

a

4 Dimension the Rear Wing.
Click the Smart Dimension

tool from the Sketch toolbar. The

[E)

E)Gt

|
Smar |
Dimension |

i
-

fﬂo@

Smart Dimension E icon is
displayed on the mouse pointer.

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

Enter the 3mm dimension.

28

| Flllet Parameters

?\ [z.00mm

wl|a [»|

rk ained
Fillet Radius

[ pimension each Filler

3,

J y SEtrudES
R2

3
1
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Click the illustrated edge and point.

Click a position to the right.

Enter the 8mm dimension.

Click the illustrated two points.

Click a position above the
model.

Enter the 18mm dimension.

Create the Rear Wing

Lesson 2: Designing the Race Car

O
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X
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T
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Click the illustrated two edges.

Enter the 6mm dimension.

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

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

Reverse the sense of the dimension.

Dimension Extruded
PropertyManager. e
perlyilanager r X 1347

Create an Extruded Boss

Feature.

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

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

Mld Flane

Click Isometric view from the Heads-up View A i

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

Enter 50mm for Depth.

! [ Thin Feature

«

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

| selected contours

«

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

Click inside the graphics area. View the results.

Create the Rear Wing
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@Snliqu[ks.He Edit View Insert Tools Window Help Q:U:]vf_'}--%-m- 7 - - B X

o -3 Swept Boss/Base

Swept Cut

& dirb (& wep

Fillet  Linear QDraf‘t e i »

% Face Car Block (Default< <Defaul
@ Sensars
[Ea8 EI Annotations
8= Balsa
2 \<§ Front Plane
& Top Plane
\<§>\ Right Plane
= I_. Origin
= @ Eialsa Block
[ sketchi
= @ Screw Eve Slat
I sketchz
= COZ Cartridge Hole
[ sketch3
= @ Axle Hole Cut Out
[ sketehdt
- {&@] Cut-Extrudel
(] @ Cuk-Extrudez
g @ Cut-Extruded
@@ Bioss-Extrudel

I g Boss-Extrudez

< | *| *lsometric

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

EEEIEEEY

T 1]|_Model [ Wotion Sudy

Solidworks Premium 2011

Editing Part 7]

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

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

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

Create the Rear Wing
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32

1

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

R

[ Manual | Filletxpert |

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

Fillet Type A

faces, selected edges, or edge loops.

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

/ (@) Constant radius

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

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

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

Enter 3mm for Radius.

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

Items To Fillet A

A | 3.00mm

Tangent
propagation

edges are displayed in the Ttems To Fillet box.

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

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

Click the top front edge of the car. The selected edges are displayed in the

Items To Fillet box.

Manual Filetzpert |

(&) Constant radius
) Variable radius
O Face fillt

O Full round Fillst

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

Tangent propagation
O Full preview

() Partial preview

(%) Mo preview

| Gathack Darsmetars s | ¥

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

BDEEEER

Total Length: 440.73mm

Select & callout to modfy parameters

Editing Part 7]

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

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

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

Click OK from the Fi1llet PropertyManager. View the Fillet1 feature in
the FeatureManager.

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

Area.

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

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

() Face filet

Enter 12mm for Radius. b
(_FUl round filet

| Items To Fillet A

> |

2.00mm

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

Click OK fromthe Fillet

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

3 Save the model.

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

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

[ Ian Filletpert

2

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

Fillet PropertyManager is displayed.

&

;_Items To Fillet

Click the Manual tab in the Fillet PropertyManager.

&« |

| variable Radius

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

Click and drag the
Variable radius boxes
off the model.

Variable radius:

ariable radius:

Click inside the top left
Unassigned box.

Enter 15mm.

Click inside the top right
Unassigned box.

[Variebl ractus: [1mm
Enter 15mm.

f
ariakle racdius: '

2 z =
1 | - “ariable radius: [Smm

Click inside the bottom
left Unassigned box.

Watiahle radius: 1
A

Enter 5mm.

Click inside the bottom
right Unassigned box.

Enter 5mm.

Insert Fillets 35
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Click OK from the Fi1llet PropertyManager.
View the VarFilletl1 feature in the
FeatureManager.

Click Isometric view from the Heads-up View
toolbar.

Click Shaded from the Heads-up View toolbar.

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

View the model.

K

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

Items To Fillet

s

»

Tangent propagation

(3 Full preview
() Partial preview
@ Mo preview

Variable Radius Parameters %

A | 1z.00mm |2
W2, 15mm
¥ [z E

(%) Smonth transition

(i[>

() Straight bransition

&«

| Setback Parameters

| Fillet Dptions

&«

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

x

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

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

¥

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

o [ Boss-Extrude1 Vg

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

< | > Flsometric

IS EIBIC]&]e|

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

Note:

Note:

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

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

tool from the Menu bar toolbar.

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

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

Locate the Component.

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

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

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

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

toolbar.

Click Wireframe from the Heads-up View
toolbar.

Save the assembly.

Click Save from the Menu bar menu.

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

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

Create an Assembly

Lesson 2: Designing the Race Car

Iﬁ%ﬁv[ﬁv@v“‘)vﬂmjlﬁ
I:I [=h1)

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

- g g e

| Message ¥

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

__Browse. 5
E Thumbnail Preview ¥
| Dptions &

Start command when
creating news assembly

[ Graphics preview

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

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

@@ Mates

9 -[k]-8 &

O-8 -1 -
B I\ » 8

d
ssembly Referen

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

ko

ded

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

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

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

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

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

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

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

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

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

[ mates

x

=

[te[EB[C]&

< >
TP 0] _Model [ hotion Study 1

solidwarks Premium 2011 Under Defined  Editing Assembly 7] &)

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

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

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

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

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

updated FeatureManager.

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

bR
L1
Linear
Compor...

B

Move
Component

Assembly
Festures

2§ =
Insert Mate
Components =

Smart
Fasteners

Show
Hidden
Components

i
Reference

ety New Bill of

Motion | Materials
Study

Exploded
View

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

S FRe »
(T~

@ Race Car (Default <Display St

@I Sensors
[+ [A] Annatations

%5 Front Plane

Q Top Plane

Q Right Plane

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

m@ Mates

£ >

- g

[EE RN

Tl 11| Model [ Motion Swdy 1]

Solidvorks Premium 2011 Under Defined

Editing Assembly

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

10 Save the model.

Click Save from the Menu bar toolbar.

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

Click the Assembly tab from the
CommandManager.

- Axle< 2=
-1 WWheel< 1>

+ hCY

[ Mates

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

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

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

@ | Mhve Component &,

@ Rotate Component

I

PropertyManager is displayed.

Create an Assembly

X
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Rotate Wheel<3> as illustrated.

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

% Front Plane

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

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

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

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

Move
P _ | Component

Assembly | Layout | Sketch | Evaluate | Office Products |

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

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

- g

b4

o

BREEEEE

| Move

«

Rotate A
|

8 |Free Drag w

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

r 1
!D Dynamic Clearance % |

E.vanced.tlptions ~

[ This configuration

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

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

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

There are three types of mates; Standard Mates,
Advanced Mates and Mechanical Mates.

Standard Mates

Coincident
Parallel
Perpendicular
Tangent
Concentric
Lock
Distance
Angle

Advanced Mates

Symmetric

Width

Path Mate
Linear/Linear Coupler
Distance/Angle Limit

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

Faces

Planes

Edges

Vertices

Sketch lines and points
Axes and Origins

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

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

Insert Mates

Mate

o R )

=

| Mate Selections N

(@)%

B | | =

Shandavd Mates
| |Z| Coincident
(X Jparaliel

|£ | Perpendicular
|§ | Tangent

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

Advanced Mates ~

|_|Z|_ | Symmetric

[ o] path Mate

|Z| LinearjLinear Coupler
(il

[P 30.00deg.
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1

Mate the Axles to the body.
Create a Coincident mate between
the rear axle and the body.

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

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

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

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

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

The selected

SolidWorks

Engineering Design and Technology Series

=
Insert

it B
Linear i Move
CO. e Compvonent

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

Sensors

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

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

'EI Sensars

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

[ @ Balsa Block

@ tace Car (Default <Display

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

3= 2024 Alloy

\<§\ Front Plane

\<§\ Top Plane

[+ @ Boss-Extrudel

S [Eg (NI
N = t g
« R 9

| Mate Selections A

Right Plane@Race Ca'
ht Plane, T

planes are
displayed in the
Mate
Selections
box.

Click Add/Finish

Mate to accept
the mate.

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

Drag Axle<1> as
illustrated.

Click the inside cylindrical
face of the rear hole.

Click the cylindrical
outside face of Axle<1>.

Concentric mate is selected
by default.

Click Add/Finish Mate
to accept the mate.

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

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

NN E RIS

2
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3 Insert a Coincident Mate.

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

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

Drag Ax1e<2> as illustrated.

Click the inside cylindrical face
of the front hole.

Click the cylindrical outside
face of Axle<2>.

Concentric mate is selected by
default.

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

In the next section mate the
Wheels with the Axles. |Mate Selections A&

| ce<3=@Race Car I!

N SLe@erh @Bk
W

Insert Mates 45



Lesson 2: Designing the Race Car

1

Note:

46

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

Click the cylindrical outside face of
Axle<2>.

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

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

Position the model to view the correct
sketch entity.

SolidWorks

Engineering Design and Technology Series

=

Mate Selections

b3

AddiFinish Mate

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

Click the outside end face of the front right

Axle<2>.

Click Shaded from the Heads-up View
toolbar.

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

Click the Distance Mate || tool.

'
Enter 7mm. _ "

Click Add/Finish Mate to accept the mate.

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

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

v ©ly]

I*I

j@@g I

L [Distance L

BN

ﬂl;z.l
3|||—|

Click OK from the Mate PropertyManager.

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

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

A CoincidentZ {Race Car Block<1 =, Axle<2
View the Created mates. © Concentric? (Race Car Block<1 =, Axle <2
: © Concentric (Axle <2 =, Wheel<2=)
5 H Distancel (Axle<2 =, Wheel<2 =)
© Concentricd (Axle <=, Wheel<1>)
H Distancez (Axle<1 =, Wheel<1>)
: © Concentrics (Axle <=, Wheel<3=)
5 H Distance (Axle <1z, Wheel<3=)
© Concentrict (Axle <2 =, Wheel<4:)
H Distanced (Axle<2 =, Wheel<4>)
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(T~

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

z

5 Save the model.
Click Save

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

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

displayed.
Click the Options button.

Include hidden bodiesfcomponents

Shaw autput coordinate system in corner of window

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

Z = 99,5003

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

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

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

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

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

list of critical dimensional rule R e
. . o

requirements are provided at the end < >

of this lesson.

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

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

Click Save from the Menu bar toolbar.
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Calculate the Overall Length of the

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

Note:

50
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race, your car can’t exceed 210mm in  [TSseriy | Cajout | Skeich | Evaiuate [ Ofice Produds | |
length and the Wheels have a
minimum of 26mm and a maximum
of 34mm. Apply the Measure tool to obtain these measurements of the Race
Car assembly.

Measure the Overall Length of the Car.

Click Right view from the Heads-up View toolbar.

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

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

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

Distance: 211.21mm
Delta ¥: 8.58mm

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

: dZ:

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

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

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

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

Click Clear Selections.

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

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

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

26mm and 34mm in diameter.

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

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

Assembly | Layout | Sketch | Evaluate | Office Products |

R 1 o afr-a- W - 8%
ﬁlﬁ‘%e bes @
(e —

Qa race Car (Default <]
s R

[+ [A] Annotations =

\é> Front Plane

. @ Top Flane

\6} Right: Plane

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

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

&

=3

il
&,
&
e

=

Olal

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

| ¥| *Right

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

Measure - Race Car.SLDASM @

66~ mm || B - @ -

_;_Eear Selections
te

Click Clear Selections.

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

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

Close the Measure - Race Car dialog box.

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

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

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

@ Sensors Face <1 =@htheel-2

Fl E Annokations

‘6} EronbPlane The bwo selected items are parallel.

Distance: 135.00mm

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

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

LD crEEnEs

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

el

£ | >| *Right

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

S=Ee

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

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

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

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

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

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

Click the Done button from the Settings box.

Create an Exploded view 53
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2 Create Explode Step2.
Click the left front Whee1<4> of the model. A Triad is displayed.

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

~

> > p \/’“
. ¥

>

\i;

<
B

V
J
-
A

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

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

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

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

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

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

Lesson 2: Designing the Race Car

5 Create Explode Step5.

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

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

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

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

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

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

Create an Exploded view

9rf[B]®

« R 9

| How-To:

Explode Steps

=

% Wheel-2
-] Chainz

% Wheel-4
=] Chaing

% Wheel-1
-] Chaind

% Wheel-3
-] Chains

% Axle-2
-] Chaing

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

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

Right-click ExplView1.

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

Lesson 2: Designing the Race Car

from the
Animation

BT

Controller

| 4.004.00 sec. \

dialog box. View the
Animation of the
Race Car.

Close the
Animation
Controller
dialog box.

9 Return to the
FeatureManager.

Click the FeatureManager || tab.
10 Save the model.
Click Isometric from the Heads-up
View toolbar.
Click Save from Menu bar.
You are finished with the assembly.

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

Create an Exploded view

k |f:|:|nfi6ur5tinns .

e FeatureManager design ktree

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

~
Assembly Reference

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

@ Race Car (Default<Display State-

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

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

Gs[ElR[Cla:

PO
i

[+ @@ Mates

v
IAJ\K

L[] *| *lsometric

wilall pllpl| Model | Motion Study 1

Solidorks Premium 2011 Under Defined | Editing Assembly H|

1 Open the Race Car Block Part from the

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

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

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

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

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

[ windon | bep @ | - - [ -

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

The Ax1e FeatureManager is displayed. | csldinai

Race Car.5LDASM

Brovi}‘; Open Documents.,.  Ckrl-Tab

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

Customize Menu

% TopPene

8N BB

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

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

Click the right edge of
Axle<l>.

View the results.

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

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

Tatal Length: 15,85
toolbar. ot Gh
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60

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

Close the Measure - Axle

dialog box.

Click Isometric view from the
Heads-up View toolbar.

Return to the Race Car
assembly.

SolidWorks

Engineering Design and Technology Series

Ciameter.
Center:

Length: 5.42mm

25mmim, Drmim Ormm Diameter: 3mm

x|

-&-

a5 2

Click Window, Race Car from the Menu bar

menu.

The Race Car assembly is displayed.

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

scene || tool in the Heads-up View toolbar.

View your options.
Click Backdrop - Ambient White.

View the results in the graphics area.

Click Plain White.

View the results in the graphics area.

Click Warm Kitchen.

Window | Help & l O -2 -E -

Viewpork
e Window
Cascade

Tile Haorizontally

Hoo o

Tile Vertically
Arrange Icons
Close all

Race Car Block,SLDPRT

Ra§ Car, SLDASM
E e |"Ax \SLOPRT

Browse Open Documents,,,  Ctrl-Taby

Customize Menu

R

3 Paink Beige

3 Point: Blue

3 Paint Green

3 Paink Orange

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

Soft Spatlight

Saoft Tent

Warm Kitchen

Ambient Only

[7]|Plain white

Courtyard

Factory

Create an Exploded view
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tool in the Heads-up View toolbar.

Click the drop-down arrow from the View settings

Lesson 2: Designing the Race Car

s B
@ | Realview Graphics

—p @ | Shadaws In Shaded Mads

ﬂ | Perspective

Click the Shadows In Shaded Mode @ icon.

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

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

Click Shaded from the Heads-up View toolbar.

@SolidWoiks . File Edit View Insert Tools Window

Help le'L%'H'@'@v
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Assembly | Layout | Sketch | Evaluate | Office Products |
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@ Race Cat (Default <Display State-
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[ |A| Annotations
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- @ Top Plane
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= % (F) Race Car Block<1 > (Defau
+-5§) () Ao <1 > (Default < <Defau
& % (=) Axle <Z> (Defaulk < «Defau 3
3-8 () Wheel<t > (Default<<Defe 4
+-%8Y () wheel<2> (Default<<Def:
-8 () Wheel<3> (Defaul< <Def:
- 5§ () Wheel<4: (Default<<Def:
] @ Mates

I+

B

| ¥

*Isometric
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SolidWorks Premium 2011

<
lﬂi’ﬂﬂ@@["ﬁﬁé—_ﬁ?{&n—ﬁﬁm1 ]

Under Defined

2]

Editing Assembly

Click Save from the Menu bar. You are finished with the assembly. Review
below for some of the dimensional rule requirements for the CO2 Cartridge
Race Car assembly. In the next lesson, you will create an Race Car assembly

drawing with dimensions.

Create an Exploded view
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Below are some of the dimensional requirements (Type-R) for the Race Car
Block and the CO2 cartridge hole. Review the dimensional requirements. Apply
the Measure tool to confirm that you meet the design requirements!

Body dimensions copied from the

2010 - 2011 Rules and Regulations

folder from the Flinschools.co.uk
site.

62

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

* Additional Notes

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

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

Jo. measured from side-to-side of the car body - the side pods are the
part of the car that flanks the sides of the cookpit area of the car. The
outside face of the side pods when viewed from the side the pods must
present a surface measuring not less than 30X15 mm - a stioker of
30X16mm will be applied to both side pods and must be 100% visible
when viewed from the side. Side pods can be convex, concave or flat
but capable of taking the F1 in Schools promotional logo decal,

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

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

site.

Wheel to Body dimensional
design requirements copied

from the 2010 - 2011 Rules and

Regulations folder from the
Flinschools.co.uk site.

Race Car Dimensional Requirements

Lesson 2: Designing the Race Car

Wheel Dimensions

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

4b. All wheele must fit the following criteria:

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

No. Structure Min. Max.

4c.  Front wheel diameter * 26 34

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

4e. Rearwheel diameter * 26 34

4t Rearwheel width * 15 19

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

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

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

* Additional Notes

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

Wheel to Body Dimensions

The wheels are not allowed to be inzide the car

body and 100% of the whesel should be visible from

the plan, side and views.

No. Stucture

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

(from the plan/side view)

63



Lesson 2: Designing the Race Car

Power Plant dimensional design
requirements copied from the
2010 - 2011 Rules and
Regulations folder from the
Flinschools.co.uk site.

Car Body and Wings
dimensional design requirements
copied from the 2010 - 2011
Rules and Regulations folder
from the Flinschools.co.uk site
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Power Plant

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

No. Structure Min. Max.

Ba. CO,cartndge 19.1 199
chamber diameter

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

6¢c. Depthof hole 50 60

6d. Wallthickness around cartridge * 3.1

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

* Additional Notes

6b. measured from track surface to lowest surface part of the CO,
chamber

6d. clear space surrounding the GO, cartridge b
not be allowed to race and loose marke acoordingly

3 mm the oar wil

Car Body and Wings

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

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

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

* Additional Notes

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

A driver cockpit/driver is an opptional feature

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

Race Car Dimensional Requirements
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