. DEPARTMENT OF
TECHNIKON MECHANICAL ENGINEERING

ELIASTOTRIKCK
AN ELEMENTARY DESIGN CHALLENGE

BACKGROLND

Teo succeed in Enginearing Design requires = student to be both inngvative and anafytical
without losing sight of the practicalities of implementing a new design.

The analytical skills are taught in zuijects such as Mathematics, Theeretical and Applied
Mechanics, Strength of Materials, Materials Science, Computer Aided Draughting and so
on. Practical skifls arg taught using reverse engrmgenng wheare existing designs are
discussed and criticised and by “hands on® manufacturing of simple components s that
an appreciaticn of the complexities of manufacture may become apparent.

Innavation is another storny.

The ability to he innovative and creative is bome aut of a parsonal history of trial and
ermor experiences and the results of these experiences {andfor chearvaiions) in games,
tasks. duties and responsibilities from eary childhood to prosent, and the relatianship of
the earier results [i.e. success or faflurel ] to the task at hand.

Innowvation is taught {7} by using discussions and assignments. Students are led through
simple fasks using the basic design “What if._." method whereby variations in actiors will
lead abwviously to logical {n most but not all casest) vanation in results.

Some assignments are designed to be faidy simple tashs, basically exercises, while
others are more thought provoking and hopefully enjoyvable ke the draft which has been
enclosed. The idea is to challenge voung engineenng students innovative and creatve
design ability while at the same time drawing on the basic mathematical and mechanical
knowledoe they have leamed s far. by presenting thent with an apparantly simple
aszignrment. It was vital that this task acknowledged the disparity in cultural background,
fimance and faclities available (0 =tudents and that these factors would neither advantage
nor disadvantage any stedant unchy,



TASK

Tha challenge as seen on the accompanying sheet is to design and build a amall, three
ar feur whested car propelled exclusively by energy stored in either one or twio rubber
bancs supplied, capable of starking from rest and covering a distance of eight metres
down a track marked on & smooth level flogr in the minimum elapsed time while CAMYING
= full, seated 340mi beverage can.

Thig assignment has bean used on twa previous occasions and has, by necessity and
experance, evolved into its preasnt form,

This discussion topic is aimed at evaluating the concept Behind this method of teaching
design as well a2 zeeking further refinements, ideas and direction for future develgptment
from laarmed colleaques.

Some points that possibly need to be addressed are -

- Shouwld this form of assignment farm part of 8 design curficulum?

o It yes, at whai i2vels should they be introgused?

- Should control of the assigrment be rigid or relaxed?

- Sheuld assignmerts be restricted to individual students, partnerships or groups?
et Fhould intentional "leophioles” be l=f in the assignment ruies?

- Tho effectivensss of similer 2ssignmsents at other inslitutionz"

oy Srigaestions for oiher low cost assignments?

Peter Allarn

Techrrkor Mafa:

5. Winning car tar Semester 1 - Elapsed tme 2.21 seconds.
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ASSIGNMENT 2 - FELASTODTRUTK 3D0DD

Steam power isn't the only way g propel smell madal ears when wishing to assess the mechanical design
aptituds of a student. 30 ..

YWiarking aitnar individualy or with a partner -

Cagigh and build a genad, thrae or fouy wheeled car propeiied excluosively by energy stored
iR efther oma or Iwo rubber bands of the iype supplied (Sire 83 - B.Jdawm x T52mm)
capsta of startimg from rest and covering a disfance of eight mafras down a hao Tire wide
frachk marked an a smocth Favel Aoor in Hhe minimam ofapsed Ame whie carrying 8 fall,
soafod 340mi bovarage can.

This assignment needs (o be undertaken in THREE steges.

1] Preaent 8 prioritised tiat of the factors that you think needs to e oansitered whah designig
your car. Limit wour fist t9 TWELVE ITEMS. Dsadline is 23 April 1398,
2] Dasigriirsg, bulding 3nd optimiging the car. A neal freghand. annotated desion skeich on a

sfandant A3 sketcn sheel musl be made of your car showing |ta impartant fastres and
detailing its operaiipn. Calculations wndarteken should be neatlly recorded and also
subrmiltes.

3 Prasent yoursaf and fe car for evaluetion {draggingl} an the egread dada.

The quality or effectiveness of the design will be assessed by -

a)  evalualing the list of prioritised faciors that vou 85 designers would considar {10%)
Yy maazuring the elapsed ime neaded to cover Hia EKSHT matre distarca, (E0%:)
NOTE Dnly the LOWEST ELAPSED TIME will score the full 503
Cara that take TWICE AS LONG will onty score half thase marks,
and a pra reta mark will asply 1or all sther times,
C-ars thet fail 1o cover the distanca will met seors e than 109 1or this mark
q) axamunisg 1Fa dasign fer ary Pnavaive and alfactvs [deas. 2%
Thiz will b done by visually inspecting both the car snd the freehand sketchis)
which must be submitted with the car, Any caleulations submitted will also e evaluated.

The rules are :

1] The car shauld assariially be buill from sorap or offeuts and have [ite real morstary value.

Z} No machime tools may ba usad i1 the constrection of the car - anly hand tools.

7l Mo meady made comnmercial components may be used in their intended rpdes i.e, foy whaals rhay nat

e uged 33 wheels - 1in 4ida ar bettle tops or 2omething simiter ahould ba aslagad,

41 Mo toothed gearing is permitted. Mo apiked wheeds may ba used to improve traction.

5 Mo addifionai forms of stored enargy may be utilised lo direcHy power the car but somponents lika
rbber bands, aprings slc. mey be used for other purposs: e.g. B hold componamts on the car,
SLEPEMSION e, i requirad

Gy The car may nat be pushead at the slart, a0y released.

T A catapult type stored energy launch frem 2 fired stetionary obfect is not permitied

& Tha rubbar banos suppled, may be modified in &y way axcapt the =3d:tlon of exira material.

@} Marks witl ba avwardod tased on ha wast slapsed rma over the aight rmelre distance, irespedtive
of #1a numdsst of studerts in the tearn. (Eemambar masisnem 1s ot

108 Joining of companents may ba done using any smakl fastenars (serews, ruts, nails &) o by Using
ary type of glua (solvemt aor epgxy). Any form of welding or trazing is st parmitdad.

THE CAR2 WILL BE TESTED FROM 12:30 10 15:30 ON 20 MAY 1998 IN ROOM 37 ED3

AND THEN ASSESSED THEREAFTER.
=.0. Al
":'IE‘.."I:Inlih"-:|
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FLASTLRIRILK - PRIORITISED DESIGN CRITERIA

Y
'

Resources availability. (Materials, toals, skifls and timel)

Beverage can mass and overall truck mass.

Elestic band force [ extension characteristics.

Chassis stiffness {o tolerate efastic band loads. {Axial and torsional ??)
Cverall length to accommodate extended slastic band.

Elastic band force f wheel tractive force ratio.

nMass distribution. (Frontfrear)

Whee| / floor co-afficient of friction,

e L

Elastic band / cord release.

—
o

Stearing stabildy

rark
b,

Rear axle bearing effectiveness. {Load capability and friction)

—t
e

Rear axle stiffness.

NOTE : The hat grven above is cantainly not the only list.
it is probably nof even the best list. bt it is supplied to show the sort of
criteria that need to be considered for this assigrment.
if & cutoff of twelve items was not a constraint. the list could easily extend
to several pages!

pda
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3ome items within the areas that need io be considered are :-

RESOURCES

Expenence
"Contact” netwark

Cost factaor

ENERGY
UTILIZATION

Mech. Properiies
of rubber bands
Twist or stretch
Loadiext. Diagram
Use in parallel or
Series
Fubber and life

LOADS ON
COMPONENTS

Can mass
Elastic loads
Reaction loads
mpact loads
{If crashed!)

STRENGTH GF
COMPONENTS

Frame/Chassis
Axde
Axle supports
{Bearings)
Tansion member
(string/card)

DYNAMICS

Basic vehicle
Dynamics - f,m.a
Dirive ratios
Cfferential ratios
of pulleys/wheels
“ariable ratio drive
{Cone pulley)
YWheeslTrack coeff.
of frictico
Rolling resistance
Bearing friction
Mass distribution
Steering stability

MANUFACTURE

Primary/Secondary
Gutting drilling and
joining limitations.
{Tocls and rulesl)
Azsembly
Disassembly
Reassembly




