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ABSTRACT

This report presents about the frame design streidior solar car. Solar car has been
invented to find an alternative energy that carrdgdaced the common energy that being
used right now which is fuel energy. The conditiondesign for this frame design is
lightweight in term of weight, low displacement éname when accident due to tensile
strength of the material and the high natural fesgpy of that design. Objective of this
report is to create a preliminary study for possibesign of solar car frame.A research
about solar car frame design is conducted to segh&hthe solution for the parameter can
be obtained from the journal, technical paper dad the research about solar car system.
The answers from the design will be analysed ireottd choose the best model and
features of the three wheel solar car frame dedige. design of the final model will be
done by using SolidWork software which is suitatlle making the 3D model of the car.
Then the design will included into ALGOR softwaoeanalyse about natural frequency and
also the roll bar testing and got the results thatthird chassis of the solar car is the best
chassis that can be use inside the solar car tmiaptthe solar energy used.
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ABSTRAK

Kajian ini menyajikan tentang struktur rekabentakgka untuk kereta suria. Kereta suria
dicipta untuk mencari tenaga alternatif yang batednggantikan tenaga umum yang telah
digunakan sekarang yang merupakan tenaga baham fomila Syarat yang ditetapkan
untuk rekabentuk rangka ini ialah ringan dalambeaht rangka, keteguhan bar perlindung
ketika kemalangan kerana kekuatan bahan bina ratagkguga frekuensi yang tinggi untuk
rekabentuk rangka tersebut. Matlamat kajian iniadantuk mengkaji sebuah rangka yg
berupaya memenuhi syarat yang ditetapkan sebelur8abuah kajian tentang rekabentuk
rangka kereta tenaga suria dilakukan untuk mebipakah penyelesaian untuk parameter
tersebut boleh diperolehi daripada jurnal, kertsikal dan penyelidikan tentang sistem
kereta suria. Jawapan dari kajian tersebut akaratiéa untuk memilih model terbaik dan
ciri dari rekabentuk rangka tiga roda kereta suRa&kabentuk model akhir ini akan
dilakukan dengan menggunakan software Solidworlgydimana sesuai untuk membuat
model 3D dari kereta suria ini. Kemudian rekabenergebut akan dimasukkan ke dalam
perisian ALGOR untuk menganalisis mengenai ujikagisi penghadang, gelombang
semulajadi dan mendapatkan keputusan yang dimaeeetaksuria yang ketiga adalah
rangka terbaik yang boleh digunakan di dalam keseta untuk mengoptimumkan tenaga
matahari digunakan.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Solar energy is some alternative energy that wesvetd from the sun light and we
convert it into energy. Many researches have bestento apply this solar energy into
human daily life. Nowadays this solar energy hasnbased in many ways, like to
generate electrical energy into human applicationexample water heater and so on.
This solar energy is radiant energy which scierdlfy called electromagnetic radiation.
It been produced by nuclear reactions at the cotieeasun.

After that, this energy streams from the surfaceth&f sun in waves of many
different wavelengths. There are invisible wavetangnd also a visible wavelength
which can be seen by our eyes. For invisible wangtte it is consists of the shortest
and the longest wavelength. For visible wavelenitis, consist of medium wavelength
which can be seen by our eyes that we called suaight. Most of the sun’s energy is

in this visible wavelength.

Mostly, the sun emits electromagnetic radiation atif wavelength whether is
invisible wavelength or visible wavelength. The suwoduces over 90% of its radiation
in the visible and infrared region of the spectrumh the sun surface temperature
which is in about 6000°C. On the atmospheric egptice, the small amount of harmful
ultraviolet and other high- energy radiation enditiey the sun will be effectively
screened. But still, visible light reaches the l@arsurface with little filtering, and that

was the medium wavelength that will be convertéd @lectrical energy.



Nowadays, many applications was created based plyiag solar energy into the
application, but usually not as a primary energyree, only as supporting to minimize
the consumption of the primary energy ( usuallyctieal energy). For example, 4
Times square which the tallest skyscraper builNeéw York City using the building-
integrated photovoltaic (BIPV) panel on thé"afirough 4% floor to incorporate more
energy-efficient building techniques than other owercial skyscrapers (Kiss +
Cathron, 1999).

In automotive section, there are some races au#tbrio some organization to
encourage corporate organization like universitycollege team to create their own
solar car and compete each other in term of spe@@lao the energy efficiency of solar
car. The most notable solar car races in presemt éire the World Solar Challenge and
the North American Solar Challenge which been irteby a solar car from variety

university and corporate team.

For solar car, solar energy was main power soutiehacan be stored into battery
charger after charged it under sunlight in cerp@nod by convert the solar energy into
electrical energy. The amount of energy storechenltattery charges is depend on area
of photovoltaic panel on the car which can direathnvert the solar energy into

electrical energy.

The first solar car who had won World Solar Chajlenn 1985, Sunraycer was a
big step towards solar car technology. This solrmanaged to finish the race 600
miles ahead than a nearest rival in that race.Surgaycer is a 360-pound single-seated
solar car completed the 1,950-mile course from Dame Adelaide, Australia in five
days by averaging 43.5 miles an hour and covetiegdistance in 42 hours and 50
minutes on the road. Built mostly by General Motamsl its Hughes Aircraft subsidiary,
the Sunraycer easily outpaced 24 other cars entrquhrtly sponsored by Ford of
Australia, Volvo, Mitsubishi, the Massachusettstitnge of Technology and other

organizations (Malcolm W. Brownie, 1987).



The source of the car's power is an array of 7 @tdtovoltaic cells developed by
Spectrolab, a subsidiary of Hughes Aircraft to poveelvanced communications
satellites in space. Electronics experts have testrthese cells as phenomenally
efficient; they convert 16.5 percent of the powérttte sunlight striking them into
electrical power. By comparison, most of the sotatls used to power remote
unmanned weather observatories convert only 2pmr8ent of solar energy they absorb

into usable electricity.

1.2 PROBLEM STATEMENT

In Malaysia, solar car research not really popatanpared to the others research.
Although Malaysia is tropical nation which is regeia direct sun light 12 hour all the
year but this solar energy does not fully utilizzdMalaysia people. As a solar car part,
frame design is important because solar car carrusthed easily if the framework part
is not strong enough to hold the impact after smh. Also frame body need to strong
to support a load from engine, mass of driver atictroparts that contributed to the
solar car operation. Driver safety needs to beidensd if the accident occurs by front

collision which must no easily bend due to collisforce.

1.3 RESEARCH OBJECTIVE

The main objective of this research is to creafgrediminary study for possible
design of solar car frame. As a common knowledgané body for solar car is created
to give a shape of the solar car and also to vatitsthe load from the solar panel body,
driver, actuator and also the suspension. Theitygid frame body will greatly affected
the solar car speed because the more rigid theeftaody, more faster the solar car will
go but they must have a accurate setup to makelsei@ar will get faster as it could be.
Also another objective is to determine the properethsion of solar car to make sure
the maximum performance of solar car can be acHiewval also the maximum solar
energy collected by the solar panel during race fgidity and the dimension will be

the subject of this research.



1.4 SCOPE OF THE RESEARCH

There are some scopes that must be included indbéarch. One of the scopes is
sketch and desigti® body frame of solar car by using software. &@mple, draftsketching
the chassis design by using ALGOR or SolidWorkwgafe. Then next scopes is to compose
the body frame analysis of solar car in term ofisteonditionsuch as roll bar testing when
collision or rollover during solar car operationnd\last scopes for this research is tofind the
suitable size of frame material by comparing wishious sizes during ALGOR analysis such as

natural frequency, and roll bar testing.

1.5 LIMITATION

In this preliminary study there are certain limaatthat being counter such as there are
limited types of aluminium steel that been soldocal market. Also not all size of tubes been
sold in local market. Although that not been a pigblem because there are international
market that sold the required aluminium but stik tprice to get it is really high. This price

included shipment price and also the present pficteel according to world price.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Body frame is creating to support the upper bemygine, driver and also other
component which make up the vehicle. Rigidity arah dends the whole vehicle
support is the main factor that decide the strectfrbody frame. Body frame usually
includes a multiple transverse cross members apdiraof longitudinally extending
channels. In order to allow for longitudinally emting storage space, the transverse

frame body members have a reduced cross section.

The body frame has to base around a driver’'s cotaipnake sure the safety of
the driver and also as a core of the vehicle. Hfietyg of the chassis is a major aspect in
the design, and should be considered throughaakst Generally, the basic body frame
type consists of backbone, space frame, ladderefranonocoque, combination. This

different type of frame design will result the @ifént performance of each framework.

A backbone chassis is the simplest structure dedigoonsists of a sturdy
tubular backbone that joints the front and reae aXhese chassis is fully enclosed to be
rigid structure and handle all loads (Wakeham.RQD9). It should be noted that the
backbone chassis can be built through many typesmdtruction. The space within the
structure is used to place the driveshaft. Furttier drive train, engine and suspensions
are all connected to each of the ends of the cha&bnost rear wheel drive and front

engine vehicles use backbone chassis.



Figure 2.1 Backbone frame

Source: Lamar P 2001

Most modern cars use the monocoque chassis. A roqunecchassis can be
refer to the vehicle where the external body isdI@earing (Wakeham.K.J, 2009).
These chassis type basically build from a singée@iof framework that gives shape to
a car. It built by welding several pieces togett8yme parts of the skin like the grill,
the bumpers, the fenders, front wing and rear siffuare so far away from any load
paths that they only hold themselves. The doorstlamthood can only transfer a limited
amount of load across their gaskets, hinges, aftd imonormal driving situations. The
rear door is both far away from any load paths sgghrated by a gasket. The rear door
is a mini-monocoque made of the glass window aedhbtal frame. (Lamar,P. ,2001).

Monocoque designs are favored among high-perforsmaacs and racing cars
today for their overall structural integrity ancetfact that one can design a monocoque
out of lightweight materials such as carbon fibed @xpect the resulting vehicle to be
light, stiff, and stable at high speeds and inttighrners. These types of particularly
advanced monocoques can even be molded to créfigeds and ground effects which
generate huge amounts of downforce (Lamar,P. ,2001)



Figure 2.2:.Monocoque Frame for McLaren F1 GT

Source: Shanahan R 2005

So named for its resemblance to a ladder, a laftdere is the simplest and
oldest frame used in modern vehicle constructibcomsists merely of two symmetrical
rails, or beams, and cross members connecting tkrginally seen on almost all
vehicles, the ladder frame was gradually phasedowiars around the 1940s in favor of
perimeter frames and is now seen mainly on truttkezas originally adapted from
“horse and buggy” style carriages as it providetfi@gant strength for holding the
weight of the components (Wakeham.K.J, 2009). Tdesign offers good beam
resistance because of its continuous rails fronmtfto rear, but poor resistance to
torsion or warping if simple, perpendicular crossmiers are used. Also, the vehicle's
overall height will be higher due to the floor paitting above the frame instead of
inside it. (Wakeham.K.J, 2009). The lateral andssrmembers provide rigidity to the

structure. Most SUV’s are still use ladder chag&igomotive Online, 2008).



Figure 2.3: Ladder Frame for 1952-Ferrari.

Source: Lamar P 2001

Now days, mostly there are two main types of clsagsed in race cars which
are tubular spaceframes and composite monocoques{@iher, 2004). Space frames
have been used in the construction of racing cassibk, since the introduction of car
racing in the 1940’s (Christoper, 2004). Most oftkair geometry is based on platonic
solids. The simplest form is a horizontal slabraérlocking square pyramids built from
aluminium or tubular steel struts. In many ways tloioks like the horizontal jib of a
tower crane repeated many times to make it widestrénger purer form is composed
of interlocking tetrahedral pyramids in which aliet struts have unit length. More
technically this is referred to as an isotropicteeenatrix or in a single unit width an
octet truss. More complex variations change thgtlenof the struts to curve the overall
structure or may incorporate other geometrical shafpace frames chassis have been
used since the start of the motor sport scene. #esgrame consists of steel or
aluminum tubular pipes placed in a triangulatedriatr to support the loads from the
vehicle caused by suspension, engine, driver aratigeamics (Christopher, 2004).

Although the space frame type are look like thélitianal style, but they are
still very popular today in amateur motorsport. iffgopularity maintains because of
their simplicity, the only tools required to congtr a space frame is a saw, measuring



devices and welding equipments. The advantage atesgrame compare to the

monocoque type is it can easily be repaired amuerted for damage after a collision.

2.2 SPACEFRAME HISTORY

A spaceframe chassis uses a series of straight draaleter tubes to achieve
strength and rigidity with minimal weight. Spacarfres were independently developed
by Alexander Graham Bell around 1900 and BuckminBtdler in the 1950s. Bell's
interest was primarily in using them to make riffi@mes for nautical and aeronautical
engineering although few if any were realized. Bugister Fuller's focus was
architectural structures and has had more lastiflueince. The technique was
formalized during the Second World War, when theyrevused for the construction of
large frames in combat aircraft. This design west fieveloped by Barnes Wallis who
was an English aviation engineer. The advantagethefspaceframe offered to the
aircraft, was that it allowed the aircraft to obtdarge amounts of damage to certain

areas while still retaining enough strength to renagébone.

After the war in 1947, Dr Ferdinand Porsche usesl ¢dbncept to build his
Cisitalia sports car. Soon after leading vehiclenafacturers such as Lotus, Maserati
adopted the idea to produce race cars and thesaveae nicknamed ‘birdcage’ racing
cars because of the multitude of tubes. Modern cacge are now constructed out of a
single monocoque frame made from expensive fibenposite materials. Figure 2.4

below shows an example of spaceframe chassis.
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Figure 2.4: Space frame

Source: Christopher 2004

2.3 CURRENT SPACEFRAME

Lately, a spaceframe chassis is classify as assefidoad bearing members
which covered by panels that offer no load beasungport. This type of body frame
offer greater flexibility in terms of one off prodiion, and also allowing a wide choice
of materials such as steel, aluminum or composi®ben high demands of the
productions required, spaceframes becomes very onpetcal compared to
monocoque style frames. For mass production, mapeeseeems to be the great choice
other than space frame bodywork. Due to the phenomesignificant research is being
taken in spaceframe technology in order to increasecompetitiveness level against
monocoque frames. The construction techniques adespame are expected to involve
the modern composite materials and advance adlsasiyerm the spaceframe structure
(Wakeham.K.J, 2009).

The advantage of this current spaceframe constructithat the overall mass of
the vehicle is reduced and the construction proessore cost effective. This differs

from a body-on-frame design in that the parts andlker subassemblies are attached to



