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[bookmark: _Toc40063625]Introduction 
In the first part of the project we researched previous winning soap box designs in order to create our own soapbox car. This report consists of the CAD models for our final design as well as performance calculations and analysis suggesting how we could improve our final design. The calculations that are included in this report enabled us to find areas in our design that could be improved upon as you can see in our evaluation section. 

[bookmark: _Toc40063626]CAD Models
This section of the report shows detailed CAD models of our final design specifically looking at the design and dimensions of the soapbox chassis, steering and braking system. Below you can see how the steering and braking systems mount to the cars chassis.

[bookmark: _Toc40063627]Chassis
In order to keep the cost of building the soapbox down the team decided, in the first section of the project, to make the chassis out of steel.  Some of the chassis dimensions can be seen in figure 2 below. The steam beams we will construct the chassis from will be 5cm by 5cm. The beam connecting the bottom part of the chassis to the top part of the chassis will be 30cm. In order to connect the steal beams together to construct the chassis we decided to use screws as they are a cheap and secure way to hold the chassis together. The chassis full length is 1800mm and the full width of the soapbox is 900mm and the cockpit area will be 500mm by 600mm. 
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Figure 2 – Chassis Dimensions
Figure 1 – Chassis Design





[bookmark: _Toc40063628]Steering
After conducting research into steering systems used by existing soapboxes in the first part of our project our team decided to use horizontal cable steering. In figures 3 and 4 you can see how the cable steering system would be implemented on our soapbox. Figure 3 shows how the steering rack attaches to the cars chassis and figure four shows how the front axle (beam holding the front wheels) connects to the chassis while still being able move to change direction. As you can see below one screw hook goes on either side of the beam holding the front wheels a cable threads through these and the steering rack and that’s what enables the soapbox to turn.
[image: ][image: ]






Figure 4 – Steering Set up
Figure 3 – Steering Geometry



In figure 4 you can see that front axle is connected using a screw this ensures the driver is able to turn to navigate their was around the course. The steering systems support will be made from 5cm by 5cm steel and a machined holder made from steel can be seen in figure 3 this is how the steering column will attach to the support and still be able to move freely.

[bookmark: _Toc40063629]Braking System
[image: ]To see a detailed diagram of our brake system, refer to figure 12 of part one of our project report. In the footwell of the cock pit of our design there will be a brake pedal that attaches to the brake via cable the cable is held in place down the left side of the chassis away from the driver using hook screws. The places where the hook screws will attach to the cassis can be seen in figure 5 to the right. In figure 5 you can also see the hole for the brake.










Figure 5 – Braking System

[image: ]In figure 6 to the right you can see a hole in the top of the vehicles chassis this is where a hook screw will attach to the chassis that is used in the braking system so that the brake cable is under constant tension and to the brake isn’t applied until the brake pedal is pressed.






Figure 6 – Spring Attachment


[bookmark: _Toc40063630]Complete Design
In figure 6 below you can see the soapbox chassis with the steering and braking systems as well as said earlier the chassis will be built from steel and the floorboard will be made from plywood bolted to the chassis. The two axles will be made from steel beams and the bodywork panels will be made from wood. While doing our research we found out that the vast majority of soap boxes use 18 inch wheels and that having larger wheels at the back generally improves the handling of the car so for this design we decided to put 18 inch bike wheels on the front of the car and 22 inch bike wheels on the rear to improve stability. 
[image: ]









Figure 7 – Complete Design


[bookmark: _Toc40063631]Performance calculations

[bookmark: _Toc40063632]Calculation 1
When beginning calculations for the soapbox we first decided to calculate the weight that our car would be. We calculated the weight first as it may need to be taken into consideration for other calculations as the weight = if gravity is the only force acting on the object. In the first half of the project we worked out that the mass of the soapbox alone would be roughly 98kg and with a driver the mass would be 157kg. Below you can see the two equations we did to find out the cars weight with and without a driver taking gravity into consideration.   

Without driver:


With driver:



[bookmark: _Toc40063633]Calculation 2
As soapbox cars are gravity races using the mass and weight of our car (that we found in calculation 1) we can work out an approximate rate of acceleration that the soap will have when beginning the race. The rate of acceleration that we calculate will be approximate as it we cannot take the gradient of the track at the starting point into consideration because we do not know it.

Acceleration at start:



[bookmark: _Toc40063634]Calculation 3
Using the website http://gravityracing.org.uk/ (see in reference section) we were able to work out an approximate top speed for our soapbox and an approximate distance that our soapbox could theoretically travel if it began on a 10% gradient. Figure 8 below shows the two approximate values. The two values given are theoretical and the max speed value is taken at which the drag forces are the same as the force of gravity.
[image: ]






Figure 8 – Soapbox Statistics


[bookmark: _Toc40063635]References  

· Anonymous. (2020). Soapbox Speed Calculator. Available: http://gravityracing.org.uk/Soapbox+Speed+Calculator. Last accessed 11th May 2020.


· ScottishCarties. (2014). Aerodynamics of Soapbox Racers. Available: http://scottishcarties.org.uk/aerodynamics+of+soapbox+racers. Last accessed 11th May 2020.


· ScottishCarties. (2013). Soapbox Racer Physics. Available: http://scottishcarties.org.uk/resources/how_to_build_a_soapbox_racer/soapbox_racer_physics. Last accessed 9th May 2020.




[bookmark: _Toc40063636]Figures

Figure 1 – Chassis Design 
Figure 2 – Chassis Dimensions
Figure 3 – Steering Geometry
Figure 4 – Steering Set up
Figure 5 – Braking system
Figure 6 – Spring Attachment
Figure 7 – Complete Design
Figure 8 – Soapbox Statistics


Page | 2 

image2.png
| Pssoupworks ¥ B0 --@-8- -[eB@- Sospbox * x
C & /0N ® o = =
Steen Smart Dimension [ %+ @ ComvertEntts . opeon Qi o, s
. . e-® - . sutcn . L saen
Feaures | Sketeh | Evalute | M3 Dimensions | SOLIDWORKS Add-is | SOUDWORKS CAM | SOUDWORKS CAM T | Simulation | Analysis reparation |
LY. v oR-2
© 1@ soss-Bxtrude!
S EIRISIO[E ;| © © @ummome =
\d b 1] sketeht )
@ B soapbox (Detauit<<Default> DI =
» [ History § o
9 Sensors |
+ @ Amnotatons g @
+ [ Soid Bodiest)
= Material <not speced 5

(1] Front Plane
) Top Plane|
@ rgnpan @ @ 17 1
{,oign | X2 P
- @) Boss-Buce]
18] () Sketcht
Cut-Extrudet
16 () Sketchd.
» @) Boss-Extrude2
» @) Boss-Extrude3

-

W _*/:S'oor

< >

TIAIRIN] Model [ 3D Views | Motion Study1 |
Soapbox

O Type here to search





image3.png
25 SOLIDWORKS A0-m-B-2- [MleBEa- Soapbox_Complete * @ Search SOLDWORKS Help O ~
@ E) ofP Swept Boss/Base @ ® (@ Swept Cut ® [ d Rb & Wrap B k3s o

Exruded Revoved & Lofted Boss/Base | Extrude HOle Wizard povolieq U Lofted Cut | Fillt Linear Pattern (g Draft (§) Intersect | Referenc... Curves
Boss/Base Boss/Base @) Boundary Boss/Base  Cut - Cut @& Boundary Cut | - - (@ Shell [ Mirror E o

Features | Sketch | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | SOLIDWORKS CAM | SOLIDWORKS CAM TBM | Simulation | Analysis Preparation [alic]

% Rle[&F
v
@ @ Soapbox_Complete (Default< A
- History
@ Filler2
@ Fillet1
» @) Boss-Extrude9
T () Sketch7
» @) Boss-Extrude8
T () Sketch16
» @ Cut-Extrude4
T () Sketch1s
» [@ Cut-Extrude3
T () Sketchi4
@ Sensors }

1
"]
X

BIENEE]

=

» [® Solid Bodies(1)
Material <not specified>
[] Front Plane
[] Top Plane
[] Right Plane
1, origin
» @] Boss-Extrudel
» [@ Cut-Extrudel
» @) Boss-Extrude2
» @] Boss-Extrude3
» @ Cut-Extrude2
» @) Boss-Extrude4
» @] Boss-Extrude5
[ sketcht1
~ @) Boss-Extrude6. X
[ sketch12

< >

[WTIF T Model [ 3D Views | Motion Study 1
SOLIDWORKS Student Edition - Academic Use Only

Editing Part MMGS - @
O Type here to search g 0 Q) ENG

0/05/2020




image4.png
FsouoworssP| B0 -F-@-8-0-[8Ee- Partt *
/0-n-d
. e s - . s =

Feaues | sketch [ valate | MBD Dimersions | SOLIDWORKS Add s | SOUDWORKS CAM | SOUDWORKS CAM TaM | Simulaion | Avayss Preparain |

APLAPEB 0 - R T

s[E[R[e[S]E ]
v

@ Part! (Default<<Default> Displ
> @istory
) sensors
» ) Amnotations
+ [§) Solid Bodies(1)
Material <not specified>

&
°
[=3

1] Front Pane
) Top Plane.
) Right Plane
L. orgin
- ] Boss-Bxudel
14 () Sketent
» @ Cut-Bxudet J

» @) Boss Extrude?

» @ Cut-Extrude2

» @l Boss-Extrude3

* @] Boss-Bxtruded.
@ File

» [ Cur-Bauded

»_ @) Boss ExtrudeS

I

TIEIETE] Modsl | 5DViews | MotionStudy 1 |
SOLIDWORKS Student Eiton - Acadeic Use Only

O 1ype here to search

MMGS [

«





image5.png
eE®- Soapbox_Complete @ search SOLDWORKS Help D) ~

D’SSOLIDWORKS AD-F-B-2-4 -8

a 8 o Swept Boss/Base @ ® (@ Swept Cut ® 7 [ d Rb & Wrap °f b33 o
Exruded Revolved & Lofted Boss/Base | Extruded MOl Wizard povoiieq G Lofted Cut | Fillt Linear Pattem ) Draft (§) Intersect | Referenc.. Curves [ tian
Boss/Base Boss/Base @) Boundary Boss/Base  Cut E Cut @& Boundary Cut | - - (@ Shell [ Mirror E o
Features | Sketch | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | SOLIDWORKS CAM | SOLIDWORKS CAM TBM | Simulation | Analysis Preparation 00 -a

COEEB- V- OQ-T

X

¢ BR[o[€[H
v

@ @ Soapbox_Complete (Default< A
» History
@ Sensors

BIENEE]

» [@ Solid Bodies(2)
Material <not specified>
[] Front Plane

=

[] Top Plane
[] Right Plane
1, origin
» @] Boss-Extrudel
> [@ Cut-Extrudel
» @) Boss-Extrude2
» @] Boss-Extrude3 }
> [@ Cut-Extrude2
» @) Boss-Extrude4
» @] Boss-Extrude5
» @) Boss-Extrude6
» @) Boss-Extrude7
» @) Boss-Extrude8
» @) Boss-Extrude9
@ Fillet1
» [@ Cut-Extrude5
» @] Boss-Extrude10
» @] Boss-Extrudel1
» @] Boss-Extrude12
» @] Boss-Extrude13

» @] Boss-Extrude15 t
@ rillet2 X

» [@ Cut-Extrude?

< > | *Botiom
[WTIF T Model [ 3D Views | Motion Study 1
SOLIDWORKS Student Edition - Academic Use Only Editing Part MMGS -~ [

2117
QO Type here to search 0 t 9 9 y G e 10/05/2’020 B





image6.png
| A soupworks ¥ B0 --@-8- [0 88- Sozpoox Complete

@ 8§ O Sventsosee @ @ @ Bowar (@ B dw Bwe el -
Evuded Revoved & Lot Boss/Base  Exruded M98 WEd pegig O LofedCut | Filt Unear Pttem  Drat 3 Intersect  Refrenc. Curves iy

BossfBase Boss/Base @ Boundary Boss/Base  CUt . Ut @ Boundary Cut | - L (M shen B Mimor
Features | Stech | Evluate | MBD Dimensions | SOLIDWORKS Add-ns | SOLDWORKS A | SOLDWORKS CAMTON | Simition | Anlsis repaaion

PLHEGREHR 0 -+ R 2
L) [ETOT@[E |
v
@ P Soapbox Complete (Defauit< A
> [ History
3 Sensors
» 2 Amotations
» [& Solid Bodies2)
55 Material <not specified>
(1 Front Plane.
1) Top plane
1) Right lane
L. origin
@) Boss- Extrude1
@ Cut-Extrudel
@) Boss-Extrude? N
@) Boss-Bxtrude3
B Cut-Extrude2
@) Boss-Extruded.
@) Boss-Extrude’
@) Boss-Extrudes
@) Boss-ExtrudeT
@) Boss-Extrudes
@) Boss-Extruded
@ rillet
B Cut-Extrudes.
@) Boss-Extrude 10
@) Boss-ExtrudeT
@) Boss-Bxtrude12
@) Boss-Extrude13
@) Boss-Extrude1s
@ fillet2 o
» (B Cut-Extrude?

TIRIRINI Model |30 Views | Motion Study 1|

SOLIDWORKS Student Editon - Academic Use Only

Q Type here to search





image7.png
eE®- Soapbox_Complete * @ search SOLDWORKS Help D) ~

p’SsoquoRxs AD-F-B-2-4 -8

a 8 o Swept Boss/Base @ ® (@ Swept Cut ® 7 [ d Rb & Wrap °f b33 o
Exruded Revolved & Lofted Boss/Base | Extruded MOl Wizard povoiieq G Lofted Cut | Fillt Linear Pattem ) Draft (§) Intersect | Referenc.. Curves [ tian
Boss/Base Boss/Base @) Boundary Boss/Base  Cut E Cut @& Boundary Cut | - - (@ Shell [ Mirror E o
Features | Sketch | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | SOLIDWORKS CAM | SOLIDWORKS CAM TBM | Simulation | Analysis Preparation

COEEB- V- OQ-T

¢ BlRlo[€
v

> [@ Cut-Extrudel ~
» @) Boss-Extrude2

» @) Boss-Extrude3

> [@ Cut-Extrude2

» @) Boss-Extrude4

» @) Boss-ExtrudeS

» @] Boss-Extrude6

» @] Boss-Extrude?

» @) Boss-Extrude8

» @] Boss-Extruded

@ Fillet1
> [@ Cut-Extrude5
» @) Boss-Extrude10 }

BIENEE]

=

» @] Boss-Extrude11
» @) Boss-Extrude12
~ @) Boss-Extrude13
() Sketch22
~ @) Boss-Extrude15
() Sketch23
@ Filler2
> [@ Cut-Extrude7
> [@ Cut-Extrudes
> [@ Cut-Extruded
> [@ Cut-Extrude10
» [@ Cut-Extrudel1
» @) Boss-Extrude40
» @) Boss-Extrude41
@ Fillets 7,
» @) Boss-Extrude42
[P Fillets
< >
LTI Model [ 3D Views | Motion Study 1
SOLIDWORKS Student Edition - Academic Use Only Editing Part MMGS [

QO Type here to search ) @) ENG

0/05/2020




image8.png
Harvard Reference Generator X\ Gravity Racing Scotland | S

& > C (O A Notsecure

Scottish
Cartie
Associatior

About urces Links

gravityracing.org.uk/S

News  Polls Downloads ~ Calendar

Map

Home

Soapbox Speed Calculator

O sHARe EvE
Terminal velocity of a gravity racer is the theoretical Gradient 10 8w
maximum speed at which the drag forces exactly  tuwass 157 81
equal the force due to gravity. It is theoretical Mass of Wheeis [10 S
because it is an asymptotic limiting value that cannot A 035 @ )
ever be reached, although you can get very very oo &
very close. b4
Arpensty  [1.35 ¢ xgms

The table on the right will allow you to calculate the Topspeed  [55.3 | mpn
approximate top speed of a cartie on a given slope, 89.0 Ty
and the distance needed to reach that speed. Just e 2197 | m

use the "up” and "down” arrows to adjust the
parameters and see how the top speed changes.

Because terminal velocity is is never achieved, the figure quoted is the distance
needed to reach 99.9% of the terminal velocity.

For a more accurate estimation of speeds on any given course, grab yourself a copy of
SCA Cartie Sim.

10529 reads

Forum

H QO Type here to search 0

Wante

SCA CartieSim - Speed E:

Create a new course with

Speed profile graphs and
Load GPS logged data for
Course data loaded from

altitude database

Import lap data recorded
Quick Edit tool to quickly
weight, drag, etc

Calculates speed profile, |
optimum speed trap locat

Models wheel brakes and

And much more,

Page 6 of 8

Insert References Review  View

Design  Layout Mailings

oo T +]
[ O E p T B 4
Table Illustrations | Document Add- Online Links Comment | Header & Text
e v Item ins v Video v Footer v v
Tables Tap Media Comments
Acceleration at start:
F+M=A

1540.17 + 157 = 9.81m/s?

3.3 Calculation 3

Using the website http://gravityracing.org.uk/ (see in reference section) we were able to work out
an approximate top speed for our soapbox and an approximate distance that our soapbox could
theoretically travel if it began on a 10% gradient. Figure 8 below shows the two approximate values.
The two values given are theoretical and the max speed value is taken at which the drag forces are
the same as the force of gravity.

4 Design Evaluation

After researching the best materials to use for the soapbox and considering the costs of these we
began to start the design process. In Richard castles soap box derby regulation states 4, 3- and 2-
wheel soapboxes are all able to be raced however our team decided to choose the 4 wheeled class.
After researching the best materials to use for the soapbox and considering the costs of these we
began to start the design process. In Richard castles soap box derby regulation states 4, 3- and 2-
wheel soapboxes are all able to be raced however our team decided to choose the 4 wheeled class.
After researching the best materials to use for the soapbox and considering the costs of these we
began to start the design process. In Richard castles soap box derby regulation states 4, 3- and 2-
wheel soapboxes are all able to be raced however our team decided to choose the 4 wheeled class.
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