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[bookmark: _Toc134809965]Introduction
[bookmark: _Toc134801067]This report is an evaluation of our soapbox design and experimenting on Computer Aided Design (CAD) with the best way to model it before starting the manufacturing process. It includes images and calculations to back up the findings during the process.
[bookmark: _Toc134809966][image: A blue and white race car

Description automatically generated with medium confidence]Final design
We chose 3 main designs that were all inspired by old F1 cars. And our final design is closely based off the McLaren MP4/1b. This was our choice because it had the most aerodynamic front nose cone design. We did not need the downforce that the front wing produced so we removed that from our design, but we chose to keep the rear wing as it would help keep the car more stable at higher speeds.
[bookmark: _Toc134810332][Figure 2.1]

[bookmark: _Toc134809967]CAD model
The CAD model below (Figure 3.1-3.7) is based off our final design drawing (Figure 2.1). 
This model was designed in 4 different parts: the spoiler, the “halo” roll bar, the wheels, and the body of the car itself. It was then assembled and aligned to produce the final design. The car we have chosen to design is quite complex and when thinking about manufacturing, we may consider making the bodywork with less edges and more of a smooth shape. 
[image: A computer screen shot of a race car

Description automatically generated with medium confidence]Below are 6 different views of the CAD model:
[bookmark: _Toc134810333][Figure 3.1] Angled view from front. 


[image: A computer screen shot of a car

Description automatically generated with low confidence]                                                                           
[image: A computer screen shot of a car

Description automatically generated with low confidence][image: A computer screen shot of a car

Description automatically generated with low confidence]
[image: A computer screen shot of a car

Description automatically generated with low confidence][image: A computer screen shot of a machine

Description automatically generated with low confidence]
[bookmark: _Toc134810334][Figure 3.2] Angled view from back.
[bookmark: _Toc134810335][Figure 3.4] Birds-eye view

[bookmark: _Toc134810336][Figure 3.3] Side view

While our design is good in some aspects, there are other parts that could be changed to make the car more suitable. Looking at the front and back view, the roll hoop is quite bulky. An improvement we could make would be adjusting the shape of the bodywork to more of a boat shape. This would be a simpler design and could actually be better from aerodynamic perspectives, as there would be less ‘bulk’ to create drag. The big “air intake” behind the seat is unnecessary and will also cause quite a lot of drag. In further design processes we should remove it and make the roll hoop a bit smaller, this would increase the cars maximum velocity.
[bookmark: _Toc134810337][Figures 3.5 & 3.6] Front and back view


[bookmark: _Toc134809968]Calculations 
[bookmark: _Toc134809969]Weight 
[bookmark: _Toc134801071]For our bodywork we are using fibreglass because it creates a strong shell that will protect the driver if the car hits anything. It will also make the car a bit more ‘slipstream’ by producing a smooth surface for the air to slide over. It isn’t super light like cardboard but it has much more strength to it and we want to have some weight to make sure the car travels as far and fast as possible. Ideally it would weigh around 800-900kg. 
[bookmark: _Toc134809970][bookmark: _Toc2130117309]Forces 
Thinking about forces included in this, we looked at how the angle of the slope that the car is released from would affect the acceleration. The larger the angle, the larger acceleration. This can be proven by:                            





[bookmark: _Toc134801073][bookmark: _Toc134809971]
[bookmark: _Toc134801074]If θ=30, then sin θ= 0.5. And if θ=40, then sin θ= 0.64. Therefore, as g is constant, the larger θ, the larger a will be. 
[bookmark: _Toc134801075][bookmark: _Toc134809972]
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[bookmark: _Toc134809973][bookmark: _Toc134810338][Figure 4.2] Diagram to show the forces on the soapbox car


[bookmark: _Toc134809974]Energy
When thinking about energy, Potential energy and kinetic energy are important, specially when an object released from rest is involved. At rest, the car will have maximum potential energy and no kinetic energy. But at maximum velocity, the car will have maximum kinetic energy but no potential energy.
Potential energy: PE=mgh (h being vertical height from centre of mass).                                            Multiply mass by acceleration of gravity by the vertical height from the centre of mass (of the car at start point). This will give us the potential energy and therefore the 

Kinetic energy: KE=1/2 mv2                                                                                                                                   Using this equation and the equation for potential energy, we can work out the maximum velocity the car will travel. 
If: PE=KE
mgh= 1/2 mv2
The masses cancel out of this equation so either the already calculated value of potential energy can be used, or the formula : gh=v2 can be used instead.
(As we are assuming all potential energy is converted to kinetic energy, this calculation will only be an estimation as it won’t account for any air resistance or drag that might occur.






















[bookmark: _Toc134809975]Summary  
When designing this soapbox car we focused on keeping the weight as low as possible. After looking at the calculations (forces involved), for future reference we may want to add more weight to the car. This would increase the acceleration of the soapbox (because F=ma). Also it is most likely that we will do another redesign before manufacturing that is a little simpler and will have less drag. 
Some other calculations we could used are: Friction, centre of mass: to figure out where best to place the driver, and moment of inertia (reducing this will reduce energy loss (P. Gale, 2008).



























[bookmark: _Toc134809976]References 
· Soap Box Derby, Paul Gale (2008), Physics Involved in Soap Box Derby, Available at: www.midmosbd.org/sbd_physics.pdf

image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.jpg
1982 Mc Laren Mp4/1b





image3.png
FSsouDwoRks e Edt View Insen Tools Smulston Window * 3 0 - B - @ - 8- -

Eo- el car SLOPRT
@ 9 Fowpmnmse @ @ W Bwww B8

Ao & wep N 2
Crrced vt B oted osytase | DR Hole Waard Revobed () Lot G FIRY Unes P ) Dt (3 et R Cuves Iantah
a x

2 Boundary Boss/Base. o S g oundary Cut 8 shel BRI Mior . .
Feaures [ Seich | Mesn oeling | arup | valuate | MBD Dimesions | SOUDWORKS Add-ns | Simiain | MSD | Anaysspreparaion |

A PEE - v R

S[E[R[&]@ >
4
@ P final car_(Default) <<Default> D
» [@ History

@ Sensors
+ 9 Design Binder
+ [ Amotatons
* [@ Solid Bodies(13)

53 Material <not specified>
] Front Plane

center - @@ - @

Top Plane
] Right Plane

L. origin
bodywork-2-solid1

@ spoiler part1-3-solid

@ wheel assembly-1/uheel rim 30-

@ wheel assembly-1/tyre 20-1-sol

@ wheel assembly-2/wheel rim 3.0-

@ whneel assembly-2/tyre 20-1-solic

@ wheel assembly-S/wheel im 20-
wheel assembly-5/tyre 20-1-solic

W wheel assembly-6/wheel rim 3.0-

@ wneel assembly-6/tyre 20-1-solic

@ steering wheel-3-solid1

@ rolihop experiment-3-solid1

@ rolinoop experiment.3-solid2

@ filets

¥

L.

SIIETE Model 30 Views | Hotion Study 1|
SOLIDWORS Stugert Eation icase:

ic Use oniy

Egiting Part 1 MMGs





image4.png
@ - el car SLOPRT B cener sl - @ @ -

F souDuoRs  Fie €t View Insen Tools smuaion Wncow * @ D - -@- 8- - [0
@ & & sweptsoss/pase ] @ W Bswpcw @ B AR & Wap W U

ot tevived § Lone souse | Eiided HoleWird Revived ) LonegCut | Flet inee Pt Dt et RerEnc. Gorves
Sosase Bosiboe u G

@ Boundary Boss/Base o & Boundary Cut | - L ([ shel B Mior B B
Featurs | Sketch | Mesh Modelng | Markup | Evlate | MBD Dimensions | SOLDWORKS Add-rs | Simuaton | MBD | AnalyssPreparaion |

PEANEE 0 -v-OR

2
nstanD|

s[E[R[e[@ >
v
@ W final car (Default) <<Default> D
> @ History
@ sensors
* [E Design Binder
» &) Annotations
» [@ Solid Bodies(13)
5 Moteril <notspecics

(] Top Plane
(] Right Plane
L. origin

@ spoiler part1-3-solid1

@ wheel asembly-1/wheel rm 30-
@ wheel assembly-1/tyre 20-1-solic
@ wheel assembly-2/wheel rim 30-
@ wheel assembly-2/tyre 20-1-solic
@ wheel asembly-5/uheelrim 30-
wheel assembly-/tyre 20-1-50lc
@ wneel assembly-6/wheel rim 3.0-
wheel assembly/tyre 20-1-s0l
@ steering whee-3-sold1

@ rollhoop experiment-3-solid1

@ rollhoop experiment-3-solid2
@ rillets.

TIRIRINI Model |30 Views | Motion Study 1 |
Eoiting Port 1 MMGS

SOLIDWORKS Student Edition - Acadenic Use Only





image5.png
& - final o SLOPRT

F souDuoRs  Fie €t View Insen Tools smuaion Wncow * @ D - -@- 8- - [0
@ O I sweotsossmase B @ @ B @ B A @we v e

Exruded Revolved ) Lofed Boss/iase  Eirded Hole Waard Revolved () Lotea Cut | Flet Linear Ptiem [ Draft (3 Inrsece Reerenc. Curves [Intant3D\

S BossBoe o[ . St g poumcayaut | - - shel B Minor - -

Features [Setch | Mesh odelng | Markip | Evlate | MBD Dimersons | SOUDWORKS Adds | Simaaton | MBD | Anayss Prepraion |
PEAPEAE-T-v- OB

s[B[R[e]e] -
v
@ " fna car (Defaul) <<Defuit> D
> @Histoy

@ sersors
+ [ Design Binder
» [X) Annotations
» @ Solid Bodies(13)

5 Mateil <not specified>

] Front lane

(0 Top Pane

L] Right Plane

L orgn

bodywork2-soli!

@ spoier part1 3 sold
@ wheel assembly-1/wheel im 30-
B el assemoly-1/gre 20-1s0lc
el assemoly-2uneelim 30-
@ wheel assembly 2/iyre 20-1s0ic
@ wheel assembly-5/wheel im 30-

hel assembiy-/tyre 20-1-s0i
e ssemly-G/uneelim 30-

hee assembiy e 20-1-s0li
@ sering wheel 3 ol
@ rolhoop experiment-3-solc
B olinoop experiment3-solic2
s

A

TIEIEIE Modsl 30 Views | Moton Siudy 1|

Select cdges faces features orloops o filet

Egiting Part

2





image6.png
FsouDnoRks  Fie Edt View Insert Toos Smulation Window # @ D - - @ - & - - 8 E G- final car SLOPRT.

@ & Powpeommx @ @ @ Bsecn @ §8 AR @we @ 5
Exnudsd Revohed § Lofted Bosybase | UGS Hole Ward Revoled () Lot Cut | It Linar PAtem @ Drat (3 ntersect  Referenc. Cuves (Inian)
Bossfiase BB ) oy Bossme | @ Bounday | - < kel HaMier o o

Features | Skech | Mesh odeing | Matup | Eause | MBD Dimersions | SOLDWORKS Add-ns | Simuaion | MED | AnayssPreparaon |

Bewad 0 v @ 2
SRrle[e] -
v
@ P final car (Default) <<Defauit> D|
> @ Histoy
9 Sensors
Design Binder
» (& Annotations
» @ Sold Bocies(13)
5 Materia enotspecied>
(] Front Plane

L) Top Plane
[ Right Plane
L. origin
‘bodywork-2-soliat
@ spoiler part1-3-solid1
wheel assembly-1/wheel rim 3.0
@ wheel assembly-1/tyre zo—v—mm"

@ wheel assembly-2/wheel rim 3.0-|

@ wheel assembly-2/tyre 2.0-1-solic

@ wheel assembly-S/wheel rim 3.0-

@ whee assembly-5/tyre 20-1-50li

@ wheel assembly-6/wheel rim 3.0-|
wheel assembly-6/yre 20-1-50l

@ steering wheel-3-solid1

@ rolihoop experiment-3-solid1

@ rolivoop experiment-3-solid2

P rillets.

¥

|

g “Back
BRI Model [ (30 Views | Motion Study 1
SOLIDWORKS Student Edtion - Academic Use Only





image7.png
5 souDworks  File Edit View

& O I sweptsosyase
Exruced Revobed . Lofes sossmase
Boss/Base BosS/BaS ) o indiary Boss/Base

Insert

Tools Simulation Window

B @ @ Bsenca
Extruded Hole Wizsrd Revoled (3] Lofec cut

cun cut
- @ Boundry Cut

®

60 P @ 8- -9

3

i Rb g Wrap

Blleee-

L)

7

Flet Linear Pattern ) Draft ) Intersect | Referenc.. Curves |Instant3D

[ snel B Miror

final car SLDPRT

enter pl

® o

Features | Sketch | Mesh Modeling | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-ins | Simulation | MBD | Analysis Preparation |

g [B[R[¢[@® >
v
@  final car (Default) <<Default> D
> @ History
) Sensors
esign Binder
nnotations
» [ Solid Bodies(13)
5 Material <not specified>
(1] Front Plane
(1) Top Plane
(] Right Plane
L. origin
@ bodywork-2-s0lid1
@ spoiler part1-3-solid1
@ wheel assembly-1/wheel rim 30-
@ wheel assembly-1/tyre 20-1-solic
@ wheel assembly-2/wheel rim 3.0-
@ wheel assembly-2/tyre 20-1-solic
B wheel assembly-5/wheel im 30-
@ wheel assembly-5/tyre 20-1-solic
0 wheel assembly-6/wheel im 30
@ wheel assembly-6/tyre 20-1-solic
B steering whee! 3 solid1
@ rolinoop experiment-3-solid1
8 rolihoop experiment-3-olid2
D rillets

L

> cteft

<
WISIEIE Model [ 30 Views | Motion Study 1

Select edges, faces features or Ioops tofilet.

AepPE® - w0-v

15°€

Mo

udy




image8.png
s sououonrs  Fie tat View isert Tooks Smuaton Wincow # B D - -@-@-= - -[B]e B @- s car SLOPRT

@ &  f SweptBoss/Base. @ @ W @ sweptCut @ B A R @ Wrap il U 2
Eruded Revolved § Lofed Boss/Bose  Extruded Hole Wizard Revoived (Gl Lofted Cut Pl Linear Pattern () Draft (2 Intersect | Referenc.. Curves (Instant3D)
Boss/Base Boss/Base at cut

@ Boundary Boss/Base. . @ BoundaryCut | - - snel B Mimor . .

Featurs [ Seich | MeshModeling | Morkup | Evalate | MBD Dimensions | SOUDWORKS Adé-s | Simiation | MBD | Anaysis eparation |

LepgE 0-»-0@-1

sE[R[e[€] >

v
@ @ final car (Default) <<Default>_D|

» [@ History

) sensors

Design Binder
» [@ Annotations
» (&) Solid Bodies(13)
£5 Material <not specified>

[1J Front Plane

[{) Top Plane

({] Right Plane
L, origin
B bodywork-2-solid1
@ spoiler part1-3-solid1
@ wheel assembly-1/wheel rim 3.0-
B wheel assembly-1/tyre 20-1-soliq
B wheel assembly-2/wheel rim 30-
heel assemoly-2/tyre 20-1-solic
B wheel assembly-5/wheel rim 30-
T wheel assembly-S/tyre 20-1-solic
@ wheel assembly-6/wheel rim 30-
B wheel assembly-6/tyre 20-1-soliq
@ steering wheel-3-solid1
@ rolihoop experiment-3-solid1
B rolihoop experiment-3-solid2

enter pl - @

@ Fillets.
1
< > | *Right
THISIEIE] Model [ 3D Views | Motion Study 1|
SOLIDWORKS Student Edition - Academic Use Oniy





