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1.0Introduction

1.1 Abstract

The SAE Super mileage competition is an international competition hosted
annually by the Society of Automotive Engineers. This competition pits students from
different universities against each other in an effort to design thefoesfficient car
possible. The other objective of this competition is to get comfortable working with
teams. In this design of this car, we worked with numerous other students. The reason for
this is that there are many different systems that need pubtogether in order to get a
working vehicle. So not only did we learn how to design a verydtfadient car, but we
also learned the value of working with different teams on a common project. This report
focuses on the design of the chassis andther shell of the car, rather than the entire

vehicle and the integration of the different systems.

1.2 Problem Statement

The purpose of this competition (and therefore this senior design project) is to
design a vehicle within the competition rules that isas fuel efficient as possible. For
this senior design project, we are focusing on the chassis and body of the vehicle. So
our purpose is to design a chassis that is as light as possible and to shape a body that

is as fuel efficient as possible as well.



1.3 Motivation

Annually, the Society of Automotive Engineers SAE renders the opportunity
to various colleges and universities that allows the willing engineers within those
schools to portray their capabilities and learned knowledge through a number of
reOPAAOEOGATI U AT i bAOEOET 108 4EA 11 OEOGAOQEIT
project stems, is a particular aspect of this competition which in accordance to 2011
SAE supermileage rules wishes for undergraduate and graduate students to design a
single-manned, exceptionally fuel efficient vehicle that will traverse a competition
designated course and rival vehicles entered by other institutions.

This competition appropriately encompasses aspects of engineering in the
fields of Mechanics and Material sciece as well as Aerospace, which is a desired
AAT AT AA xEAT AT 1 OEAAOET ¢ OEA OANOGEOAI AT 0O
needs. Equipped with knowledge in regards to Mechanics of Materials science,
Material Science, Gas dynamics, Flight Mechanics awmdrious other beneficial
subject areas, this endeavor should prove engaging and prolific.

The competition itself is on a strict timeline and therefore increasingly
beneficial in that participation will require progression and productivity on a grict
timed manner. The actualcompetition in which this team is to geared for occurs
June 910, 2011. This time allows for the completion of the senior design and

collegiate aspect of this project and will allot sufficient time for minor

improvements for the complee SAE supermileage competition.



1.4 Literature Survey

1.4.1Aerodynamics

A simple definition of aerodynamics is the study of the flow of air around and
through a vehicle, primarily if it is in motion. Energy is required to move a car
through the air; this energy is also used tovercomea force called drag.

Drag is determined by vehicle speed, frontal area, air density, and shape

Figure 1 shows how the shape affects drag.

Form Skin
Sh d fl
ape andc Row drag |friction

0% | 100%:

~10% | ~80%

e ——

e

' ~00% | ~10%

100% | 0%

Figure 1: Change in Drag and Fiction with changing shape (wikipedia, Drag(Physics), 2010)

The aerodynamic dragon carsare caused by following; pressures that act on
the front area of the car, suction at the rear of the car, underbody regions and
roughnessof the vehicle surfacesuch as protrusions and projectionsFigure 2 and

Figure 3 illustrate the frontal vacuum and the rear suction respectively.



Frontal Pressure

Figure 2 Frontal Pressure caused by f lowing air (wikipedia, Drag(Physics), 2010)

Rear Vacuum

Figure 3: Rear Vacuum caused my flowing air (wikipedia, Drag(Physics), 2010)

Drag on automobiles is calculated using the followwg equation

Equation 1

1

D, =C,*S* ¥ r v’

r

Where
Dr is drag force in Newton
Gois drag coefficient

S is cross sectional area meters squared



r is air density kilograms per meter cubed

U is speed meters per second

In order to over come drag thecar must exert a certain power, which is given

by the formula

Equation 2

PD=§*r*v3*A*cd

By reducing the drag coefficient of a car it result in better fuel economy. A
typical car burns 50% of its fuel overcoming air resistance at speed of 4@ph
making aerodynamic design very important when attempting to hit high mileage.

When referring to the aerodynamics of a car an important factor is; down
force. Down force is the same as the lift experienced by airplane wings, only it acts
to press down,instead of lifting up. Down force results from a presence of high
pressure on the top of car and low pressure on the bottom of the car, this pressure
differential creates the downward force, which pushes the car down to the surface.
Increasing down force increases how well the car can maneuver turns at high

speeds. Down force can be calculated using the following equation.

Equation 3

l*

D=2 (WS* H * AoA)* F* r*\/?

Where:

D is down force in Newton



WS is wingspan in meters

H is height in meters

AOA is angleof attack

F is drag coefficient

m EO AEO AAT OEOU ET ECGTI O©

V is velocity in m/s

One aspect that needs to be considered when designing the body of the car is how
aerodynamic drag is going to affect the fuel efficiency. Due to the fact that when the car
pases through the air, it displaces some of it, causing the air to exert a force on the car.

The drag force can be found by uskguation 4

Equation 4

& EN(”)#!
C

Wheremis the density of the fid, u is the velocity of the object relative to the
fluid, # is the coefficient of drag of the object, and A is the total frontal area. The frontal
area is the total area of the object in the path of the fluid flow. Another way to imagine it

is if you were to shine a light on the object, the shadow that is cast would be the total

frontal area (assuming a large beam that points directly at the front of the object).

The density of air at room temperature is about 0.086237The vehicle will le

traveling between 15 mph and 20 mph. This corresponds toa2? 29—, respectively.

The coefficient of drag is estimated to be about 0.15 to 0.20. This number was chosen
according toFigure 4. Modern cars have drag caefénts between 0.25 and 0.45 [1].
Since our vehicle is more aerodynamic than a passenger car, but less so than a

streamlined body# 1@t ), a value between the streamlined body and modern cars



was chosen. Due to the fact that the final car has notfreeluced yet, a frontal area has

to be estimated. The area was modeled after a perfect circle, with a radius of 12 in. The
reason behind modeling it this way is that our final product will have a somewhat circular
cross section at its widest point, ahe tar is planned to be about 24 in high. This gives

an area of 3.14E0

Shape Drag
Coefficient

Sphere — O 0.47

Half-sphere ——~ q 0.42

Cone —> 4 0.50
Cube — D 1.05

Angled — O 0.80
Cube
C;E:dger — : s
C}S/:::g;r — D B
StreBaorgli/ned DY O 0.04

Streamlined

Half-body " Sommrsomrr

Measured Drag Coefficients

Figure 4: Common Drag Coefficient§wikipedia, Drag(Physics), 2010)

Table 1 lists the calculated foe due to drag when using the values of density, velocity,

area and drag coefficient that were listed.



Table 1: Drag Force in Relation to Drag Coefficient at Different Speeds

Velocity
(m/s) G F (Ibf)
0.15 0.27
15 0.2 0.36
0.15 0.48
20 0.2 0.64

As can be seen immediately from the table, the values for the drag forces are very small.
Using a more conservativie of 0.20 and traveling at 20 mph, the theoretical drag force

is 0.64 Ibs. This is much lower than we initially thought. The true value of the drag force
on the finished car will be higher than the current theoretical values, but these values
seem lile a good base number to start with.

The purpose of finding the drag force is the from there, the work required to
overcome the drag can be calculated. To overcome the drag, the engine must perform an
equal amount of work. If the work required from thgiee to compensate for the drag is
known, then the amount of fuel required to balance out the drag force can easily be
calculated.

The amount of work from drag can be found frBouation 5:
Equation 5
w 0 0Q
where W is the worKO is the drag force and d is the distance traveled by the car while

drag is acting on it. Since we are concerned with fuel economy, the distance chosen was 1



mile (5280 ft). Table 2 lists the different values fbe twork of drag depending on the
drag force.

Table 2: Work in Relation to Drag Coefficient at Different Speeds

Velocity
(m/s) G Work (Ibf)
15 0.15 1425.6
0.2 1900.8
20 0.15 2534.4
0.2 3379.2

When a drag force of 0.64 Ibsused ¢ & tand 20 mph), the total work performed
by aerodynamic drag over a distance of one mile is only about 3400 ft-Ibs.

Using a wind tunnel and/or using computer simulations can achieve testing
the aerodynamic features of a car desigi.he wind tunnel is the proving ground for
the vehicle's form and allows engineers to obtain considerable amounts of advanced
information within a controlled environment. A car in a wind tunnel can be seen in

Figure5.

s = o ———

Figure 5: Car in a Wind Tunnel (wikipedia, Wind tunnel, 2010)

The same principle is applied when using computer programs such as solid

works. The major advantage that CAD has above actual wind tunnel design is that



numerous changes can be made to the design to achieve optimal aerodynamic result
before a model is built. As it can be seen irigure 6 the aerodynamic features of a

design can be investigated during the design phase

L e e L

Figure 6: CAD, Aerodynamic Simulation (CAD- Computer Aided Design, 2010)
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1.4.2Chassis Design

The internal framework of a vehicle consisting of the frame with the wheels
and machinery is called the chassis. The main structure afh automobile chassis in
the frame, all other components is fastened onto it in the manufacturing stage. figure

6 shows the chassis for a super mileage car

Figure 7: Super Mileage Car ChassigFrame Design, 2009)

The frame of a car is constantly subject to stresses, and is built to withstand
these stresses while supporting the components of the car. It is considered as one of
the most significant structures of an automobile. The frame of the car shouldso
ensure low levels of noise, vibration and harshness throughout the vehicle. When
designing the frame of a car there are certain factors that need to be considered.

Beam Heightrefers to the vertical side of a frame. The taller the frame is
designed he more resistant it is to vertical flex when force in applied to the top of

the frame. Hence the reason semi truck frames are not only thinker than that of

11



regular cars but are also significantly taller. The other factor that has to be
considered when degyning a frame isTorsional Resistancelhis is the ability for the
frame to resist twisting. In order to achieve high torsional resistance cross members
is the shape of X or K.

There are different frame types name: Ladder Frame, Backbone Tube,

Perimeter Frame, Unibody and Sub Frame. They can all be seen in the figures below.

Figure 9: Backbone Tube Frame(wikipedia, Chassis, 2010)

12



Figure 10: Perimeter Frame (wikipedia, Chassis, 2010)

Figure 12: Sub frame(wikipedia, Chassis, 2010)

13



1.4.3 Braking

When it comes to the braking system for the supermileage car, there are
several technical requirements that the vehicle must pass. €ke include a
prescribed braking distance, the location of brake actuator, and specifications on the
braking test to be performed.

One of the tests to be performed during the evaluation day of the competition
is the braking test. The breaking test consistof three sections: an acceleration zone
that is a minimum of 50 m (164 ft), a zone that the vehicle must coast through in less
than 1.5 seconds with a length of 6.75 m (22 ft), and finally the braking zone, which
is 4 m (13 ft) long. While in the acceleation zone, the vehicle must accelerate to a
minimum speed of 16 kph (10 mph) and then come to a complete stop within the
braking zone. The figure below is from the SAE Supermileage Rulebook and is a

diagram showing the three zones:

6./ m 4.00 m
=T (22151 (13.12 1)
Acceleration Zone
50m (164ft) min

Accelerate ® Coast

Figure 13 Braking Zone Specifications (Supermileage, 2010)

We will be using hydraulic disc brakes for our vehicle. The most common
forms of brakes are disc brakes, rim brakes (commonly found on bicycle wheels),

and drum brakes. Both drum and rim brakes are much simpler and cheaper than

14



disc brakes, but do not offer comparable braking power. Disc brakes are much more
powerful for the same size. Therefore, the objective now is to find one powerful
enough to stop the vehiclevithin the 4 m space.

Assuming we reach our targeted vehicle weight of 68 kg (150 Ibs), and a
driver of 59 kg (130 Ibs), the total mass would be 127 kg (280 Ibs). This means the
kinetic energy of the vehicle traveling at the minimum 16 kph (4.44 m/s, 10 wh),
would be 1250 J. The brakes must now perform 1250 J of work in a distance of 4 m.
Using 20 in (.508 m) front wheels, the circumference is 1.59 m (62.5 in). This means
the wheels (and the brake rotors as well), will undergo 2.52 revolutions in the
braking zone. Using 160 mm (6.3 in) rotors, the rotors the pads will be in contact
with the rotors for 1.27 m. This implies a friction force of 985 N (100 kg or 220 Ibs).
Using a coefficient of friction of 0.40 for the brake pads, the clamping force must be
almost 2500 N (251 kg or 550 Ibs).

These values show that we are going to need two disc brakes and larger
rotors, such as 180 mm rotors. By mounting them in the front of the vehicle, we will

be able to get the maximum braking power out of them.
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Figure 14 Disc Brake System(Outfitter, 2010)
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1.4.4Wheels

7A AOA OOEI EUET C A OOAOAOOA OOEAUAI Ao
wheels in the front and one wheel in the back. This threetheel desgn offers more
simplicity and less rolling resistance than the fouwheel design, but is able to stand
on its own as opposed to the twewheel design.

The vehicle will have different sized wheels in the front and back. The front
will be using 20 in bicyclewheels, while the back will be 26 in. There are numerous
reasons for using different sized wheels. Smaller wheels offer less rolling resistance,
and therefore greater fuel economy. The advantage of having the larger wheel is that
it acts as a larger gearatio. The engine can operate at a lower rpm, meaning less
fuel is being consumed.

Another added advantage of having the small wheels up front is that, because
the brakes will be there as well, the front axle will undergo more revolutions during

the braking test. More revolutions means the brake pads will have a much longer

contact distance than if the wheels were larger.
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2.0 Project Formulation

2.1 Overview

The overall goal of this project is to design the chassis and aerodynamic body
for an automobile aimed at achieving high fuel efficiency. The extended goal is to
fabricate the chassis and body and integrate the other support systems of the

automobile and finish with an end product of a working car to be operated.

2.2 Project Objectives

The main taskitems separate the cleaicut objectives of this project. Firstly,
we intend on design and building a chassis out of a suitable material that will give
and overall dry weight of 150 pounds aimed at support a drive of 130 pounds and a
Briggs and Stratton 3. 5HP engine of 30 pounds. We intend on running suitable
optimization and computer-aided test to choose the material, tube diameter and
member configuration capable of attaining the abowenentioned goal.

The second goal is associated with the aerodynamic tp design and
fabrication. It is our goal to produce a body that measures a drag coefficient of 0.15
that compares to a industry leading aerodynamic design of the Toyota Prius which
measures a drag coefficient of 0.25. This will be achieved by optimizinget body
and by running computeaided flow simulations as well as real life testing on -B
prototypes.

The final and ultimate goal is to build the car and operate it to achieve an

overall efficiency of 1000 miles to the gallon.
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2.3 Design Specifications

In order to meet the objectives set out for this project there are certain
design specification that we are bounded by and will use as a guide for designing an
fabricating the chasses and body.

The Roll bar needs to be able to withstand a 250ound force applied at any
direction. The roll bar need to also need to be between 2 to 4 inched above the
AOEOAOS8 O EAAA AT A AT i bl AGAT U T OOOEAA OEA

The driver must be seated in the vehicle and positioned with his feet
forward, pointing in the direction of travel. The driver cannot be positioned facing
forward.

The driver must be protected from the engine by the implementation of a
wall of steel or aluminum material of 0.813 mm (0.032 inches) minimum thickness
must completely separate the opeator from the engine. The driver must also be
separated from all moving parts of the automobile.

Although the main concentration of our design project is on the body
and chassis our prototype will feature the building of a functional vehicle to
compete nh the SAE Supermileage competition. The entire system is described as

follows.

Engine and Power train : the engine to be used is #&riggs and Stratton

3.5HP model 091202 type 1016A1A1001. The engine isair cooled, four cycle, with

a 2.61 kW (3.5 horsepoweryating at 3600 rpm.
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Transmission : Transmission design is such that the engine can be

disconnected from the driving wheels so as to allow the vehicle to be stationary with
the engine running

Exhaust System: Engine exhaust will be directed to exit the bodyof the

vehicle by the way of an insulated exhaust pipe. A muffler will not be used in an
effort to keep the overall weight of the vehicle low as possible.

Guards and Shields: All moving power train componentswill be guarded to

prevent damage to fuel caying components and prevent injuries to the driver in
the event that breakage should occur. Shielding will also protect against any
potential contact with the driver or support personnel when components are
moving. The vehicle will have a belly pan to eopletely separatethe driver from the
pavement. All fuel system components will be guarded or restrained to prevent
contact with moving parts. In addition, all electrical components will be guarded
and/or restrained to prevent contact with moving parts andprevent abrasion of the
insulation.

Electrical Systems: Batteries will be used to power; the starting system,

ignition, instrumentation and lights. All electrical connection to batteries will be
fused with an appropriately rated fuse. Three kill switchesgrounding the engine
ignition will be installed, one will be mounted within easy reach of the driver and
the other two will be on both sides of the vehicle.

Brake System: Due to the fact that our vehicle is set to have an average

speed of 20 miles per hou The braking system that will be installed is higkend
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bicycle breaks capable of bring the vehicle to a complete stop in 4 meters, traveling
at a speed of 15mph.
Tires : The two front tires will be puncture resistant, lightweight, low rolling
friction and will feature silica energy rubber mix to ensure excellent grip. The rear
tire, which will be propelling the vehicle, will be wider than the front tires and will
feature more tread to maximize the propulsion and minimize the slip.
Steering: The vehiclevel 1 AAAOOOA OT AOOOAT 6 OAODPI T OA
rack and pinion design.
Chassis the final chassis will be made out of aluminum. The frame will be
AAOGEcCT OiF AA AAIT A O OOPPI OO OEA AOEOAOB6O x/
vehicle. In addtion to the weight support, the role bar will be able to withstand 250
Ibs of force in any direction.
Body: the body will be feature the best aerodynamic design to yield a drag
coefficient of 0.15. Also the body must be very smooth. Carbon fiber will bsed to

for the body due to the following characteristics; smooth, rigid and light weight.

2.4 Constraints and other Considerations

Moving forward with this project, the first constraint that surfaces is the fact
that this is a very expensive project. Té quality of the materials used will depend
heavily of the amount of money that is available for purchasing. Also, during the
fabrication phase of the project when we have to outsource services, we would have
to balance experience and dependability with hew much we can actually spend on

hiring outside help for fabrication duties.
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The other constraints are covered in the previous sections however a further
consideration is that even if the chassis and body and designed and fabricated, the
actual system integration if produced a fully functional car would be very difficult to
achieve in the time and budget allocated to the senior design project performed by a

small 3 man team.
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3.0 Design Alternatives
3.1 Overview of Conceptual Designs

When facing the poblem of designing the chassis and body of the
Supermileage Car we wanted to push achieve our goals while designing an
applicable and visually pleasing car. The evolution conceptual designs portrayed in
this section of the report show the gradual increasen knowledge and a firmer
understanding of the structural integrity needed for the actual physical construction
of the car.

Proper consideration was to be made for the fact that the joints had to be
welded and that complicated angles and member jointsdu to be reduced in order
to make the welding possible and time efficient.

As the designs of the body evolved, the construction of the mold and
application of the body material whether it be fiber glass or carbon fiber had to be
kept in consideration. Asa body design that was too complicated would lead to a
very difficult mold build as well as a difficult body construction.

It was ensured that each conceptual design was an improvement to the
design that came before it, bringing us closer to our overalveight and drag

coefficient goals.

3.2ConceptuaBodyDesignl
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The proposed initial design is to be a tricycle design. The three wheels will be set

up with a single wheel in the front and the remaining two wheels in the back. A side view

is shown inFigure 15

Figure 15: Conceptual Design 1: Side View

We believe this is one of the best shapes for numerous reasons. The reasons have
to do with aerodynamics, weight savings, and simplicity when designingethela

Figure 13 shows a front/side view.
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Figure 16: Conceptual Design 1: Diagonal View

The rules of the competition stipulate that the vehicle must be able to be at a
standstill and not tip over, so this requires at leasetkreeels. We are choosing three
wheels instead of more due to the fact that the fewer wheels there are the less rolling
resistance the engine will have to overcome. We then discussed whether or not we
wanted to have two wheels up front, or two wheels & liack. We are still debating
which scenario we want, and will start performing tests to determine the most efficient

layout.
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3.3 Conceptual Body Design 2

The second conceptual design comes from the knowledge of the tear drop and the
airfoil shapes. Bih shapes produce very low pressures related to drag due to the manner
in which air flows over these shapes. With the teardrop shape being the most
aerodynamic shape, it heavily influences this conceptual body design. This design
integrates design princigg andaerodynamics a®ct of both to obtain optimalehicle
body shape toeduce drag and increase fefficiency of engineThe figure below shows

the second conceptual design of the body.

Figure 17 Conceptual Body Design 2

The three wheel design was kept for in this concept and it provides the best
stability and less rolling resistance while still provided sufficient power

transmission. Also, this concept features a transparent portion in the front of the car
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in order to provide proper visibility for the driver. With this configuration the driver

is able to see an object on the ground that is 20 feet in front of the car.

3.4 Conceptual Chassis Design 1
The first chassis design developed was done to use the three wheel
configuration featured in both conceptual body designs. The chassis had to have
certain fundamental characteristics such as;
1 Aroll bar
1 Front axle to support the two front direction wheel
1 Rear axle to support the one driving wheel
1 Sufficient space in the reato accommodate the engine placement.
1 Adequate support to withstand the driver weight and overall weight of the
vehicle

The figure below shows the first chassis design that was developed

Figure 18 Conceptual Chassis Design 1
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3.5 Conceptual Chassis Design 2

The second chassis design improves on the first by eliminating some
members in order to reduce to the overweight. Also, support bars where
strategically placed to give the best results for sustaining the loads being applied

the chassis. The figure below shows the second conceptual chassis design

Figure 19 Conceptual Chassis Design 2

Other strategic changes that were made when developing this design
includes; less members in the front axle regiv, elongation on the frontal part of the
car in order to allow the driver to be positioned in a gentler incline resulting is a
smaller cross sectional frontal area. The back of the car was shortened to fit the
engine and reduce the space between the wheahd engine. The fire wall and

flooring was also incorporated in this design.
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3.6 Feasibility Assessment

Our project is feasible due to the fact that similar cars have been built under
the rules and regulations of the SAE Supermileage competition. Beisgch a small
team of only three members some of the fabrication work will be outsourced
however all the design of the chassis and the body will be done by the senior design
team under the supervision and of our faculty advisor.

Our concentration has beerplaced on the chassis and body however it is our
full intention to build the entire car and integrate all other system such as electrical,
engine and power train, steering, brakes, exhaust and transmission.

The goals set for this project are attainableiging the time allocated for this
project. The finetuning of the engine and proper system integration however will
need more time than what the senior design curriculum provides. Also the material
selection would set the pace as to how light and how strgnour final car comes out
to be. Due to the fact that the best materials such as carbon fiber come with a
significant price tag we will be making the material selection based on sound

engineering analysis and testing.
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4.0 Project Management

4.1 Overviav

Project management is an essential component of this design project. The
first step was to define realistic but ambitious goals for our project. These goals had
to be carefully chosen so that our fundamental engineering skills were utilized
effectively. In order to achieve out goals, a plan for design, simulation, fabrication
and testing had to be developed before any work was done on the project.

Jenai Alexis served as the project manager and his main responsibility was to
firstly set up a Gant Chart tdhelp guide the group through the three main segments
of the project, namely; Design and simulations, Fabrication and finally testing. The
key to realizing out goals and to successfully completing the project fabrication and
technical report writing deadlines, specific tasks were divided up amongst the

three-member team.

4.2 Breakdown of Work into Specific Tasks

The very first task that the threemember group along with the advisor was
the choosing of a project. The project had to first of all fulfill th requirements of the
senior design class. With a project chosen the next steps were discussing the
feasibility of the project based on time available, budget restrictions and capability
of the group members to design and fabricate such a project. Withishpreliminary

phase of the project successfully complete by all three membeos$ the group. A plan
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had to be developed to lead to the completion of the project. Three key phases were
identified and under which the specific task were divided up amongst thgroup
members.

The first phase called the Design and Simulation phase took place during the
first semester of the class. Team member Jenai Alexis was named project manager
and overlooked the entire list of tasks and ensured that they were carried out in a
timely fashion as specified. The entire team worked on a concept design for the
chassis of the car however the job of creating Solidworks design was charged to
team member Philip Clarke. Using solid works he was to design a lightweight
chassis to withstard the weight of the driver, the engine, the body and all other
ATT PTTAT OO0 T &£# OEA AAO8 4EA AEAOOEOSO Oi Il
specified loads. With the input of the entire team and the advisor the design was
changed and manipulated in ordr to achieve the goals. Philip Clarke also carried
out simulations on the chassis design using Solidworks. Philip was also charged with
the responsibility of designing the body of the car using Solidworks. At the same
time the other team members Jenai Ales and Roger Laurence Ill continued the
literature survey and other research. The 25% technical report was divided
amongst all the group members and Jenai Alexis did the final formatting.

With the design finalized, the second phase of the project call ti@brication
phase began as just like before, specific tasks were aligned to the three team
members. The entire group did the coping of the Aluminum chassis members. Roger
Lawrence specified all the angles that the head of the knee mil, Jenai Alexis opedat

the machine and Philip Clarke calibrated the machine, changed the bits and loaded
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and unloaded the members. A professional welder did the welding of the chassis, as
none of the group members were familiar with welding of aluminum. However
Roger Laurencedid the positioning of the members for the welder and ensured that
the welding was done as designed. With the chassis fabricated, teanember Philip
Clarke was in charge of designing and installing the steering and braking component
of the car.

The nextstep in the fabrication was the construction of a plug using plywood
covers with foam. The Plywood was cut my team members Jenai Alexis and Roger
Laurence. All three team members put the entire plug together. Jenai Alexis, using
sand paper and a carving kife did shaping of the foam plug. With the plug for the
top and the bottom done, the next step was laying the fiberglass. Roger Laurence
mixed the epoxy and hardener while Philip Clarke and Jenai Alexis laid the
fiberglass down onto the plug. After drymng, the fiberglass was smoothened by Jenai
Alexis. The entire group helped with the removal of the plug and the installation of
the body onto the chassis of the car.

The final phase of the project was the testing phase. Roger Laurence was in
charge of degjning the tests needed to prove the objectives laid out by the group.

All the data was collected and analyzed by Philip Clarke and Jenai Alexis.
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4.3 Organization of Work and Timeline
The Gantt Chart below shows how the project was laid out over the bnsemesters
allocated to the senior design project. All the major task along with how long they

would take are displayed below.

Table 3: Gantt Chart Fall 2010 to Spring 2011

Time-Line For SAE Supermileage Vehicle Design and Production (Senior Deslgn Project)

B Schedule |s Tentative and times are allocated by student avallabllity and resource availability

4.4 Commercialization of the Final Product

The final outcome of the project is not desired to be commercialized.
However, there is a keen interest in bringing the car to competition. The group fully
intends on donating the car to the local SAE student club here at Florida
International University. This club will then use the existing car to compete in a

future competition with slight modifications as seen fit.
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5.0 Engineering Analysis and Design
5.1 Chassis

The essentialcontribution of the vehicular chassis that is focused on with
regards to the opimum performance is the aspect of low body load (weight
contribution). This aspect determined the material used in attempt reduce chassis
weight. For full verification and credibility of material selection as well as optimum
configuration of chassis strutural members, stress analysis is carried out to ensure
that the integration of the material properties of the aforementioned lightweight
material as well as the configuration of the vehicle chassis member are able to
coincide.

The inevitable restraints d design consideration are factors such as the
drivers weight (FawPp T 11 A /A, tire weighAofEthe SAE stipulated engine, the
limited dimensional variety of commercially manufactured member sizes, and the
cost per unit size of utilized materials and a SA stipulation that states that the Roll
Hoop must have the capacity to width stand an applie8app=250Ibf (114kg) . The
general material selection made favored that of Aluminum (Aluminium) whose
specific cost, dimensional variation can be found in th&ngineering Cost Analysis
section.

Stress Analysis is carried out for each individual member of the chassis
configuration based upon the individual member forces propagating from the

particular force displacement of the driver due to his/her bodily placement ad
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engine upon the chassis and resultant reactive forces at each of the three wheel axis
locations.
Stress Analysis is performed taking mainly bending of members which will
be main attribution of any member failure. For simplicity of stress analysis, th®orce
due to the drivers weight is treated as a concentrated point force at a point whose
laterally planar (x-y plane) location is negligibly deviant of the vehicles centroid in
OEAO DI Al As 4EA &1 OAA AT 1 OOEAOOEredas| £ OEA
FawPp T U1 A A&t the CartedafEaxis origirdw{x,y}={0,0} .
The reactive forces were found by obtaining the solutior of the following

system of equations expressed in matrix forssZz 3 _H_ That can also be seen in

pictoral form in the below figure.

Equation 6
p i @ i ® O O O
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mo Qi Q&i O m
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Figure 20. Free-Body Force Diagram for Chassis Load Analysis

Where 37 is the angle at which each wheel is inclined in respect to ground,
Fg,Lrrepresent the rear wheel , left wheel and right wheel axel vectdorces,Fe & Xe
represent the weight of the engine and its saxis displacement from the driver
location {0,0}, andXrs rL Frrepresent the xaxis location of the forces s r from the
origin {0,0} respectively.

Once the UnknownFg, F. and Fr values are dund each member is analyzed
each member is subject to stress analysis in which it is treated as a beam in
combinations of bending conditions and applied axial load conditions. Where the

respective stressed are
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Equation 7
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Equation 8
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Equation 9
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Once these von Mises steses were found they were utilized in various
Distortion energy failure theory criterion. Recall also that certain criterion do not
ensure prevention against yielding therefore separate checks are taken to ensure
there is no yield of chassis members by obining the von Mises maximum stress of
the member and finding its ratio to the members yield strength which is essentially

the factor of safety
Equation 10
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Equation 11
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These design consideration and evaluation are to ensure that the dimensions
and material utilized validates the safety and reliable operation of the chassis

configuration.

5.2 Vehicle Body
For the proposed design, theoretically the dominantomponent of drag force

induction is due to skin friction and dynamic pressure contribution. The goal and

36



what is done to compensate for this friction and pressure and reduce their
contributions to the drag force magnitude. The Goal is to optimize the phigsl
parameters of the vehicle design to reduce the respective drag of both friction and
pressure. The way in which this frictional drag coefficient is to be reduced is to
utilize a material that has an optimally high laminar fluid boundary layer flow,
whiAE ET 1 AUi AT860 OAOI O AOOAT OEAI EO OEA
texture. The material that was chosen that was chosen was carbébre due to is
rigidity, light weight composition that reduces the vehicle load that the engine must
propel and for its effectively smooth outter layer. The way the dynamic pressure
induced drag is reduced is to decrease the frontal surface area of the vehicle that air

flow will traverse initially.

Equation 12
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Each component of friction is dependet upon their individual coefficient and

the values of the drag due to friction or pressure is directly proportional to the

37



coefficients, so to reduce the values of the drag each coefficient is to be reduced. For

friction the coefficient of friction induced drag is as follows

Equation 13
% S I O N O
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represents the speed of the flow, and A repsents the surface area. What is to be
done to reduce this coefficient value is to reduce the surface area to an optimum
guantity and to increase the airflow speed. This air flow speed contribution to the

reduction of this friction drag coefficient can ato be seen in regards to the use of

Reynolds number

Equation 14
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Where x is the length of the flow path over the vehicl©@ OO ZAAA AT A t EO
fluid viscosity and as the airflow speed increases the value of Reynolds number
increases and in turn decreases the value of the friction drag coefficient in respects
to Reynolds number.
When considering the means of reducing the pssure induced drag , to
accomplish this the area over which the static pressure has to act must be reduced.
This can be seen by considering again the component of drag due to pressure in its

integral form

Equation 15

ne XHN Y
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For a given pressure, to decrease this quantity, the surface area over which
this integral is to be evaluated must be decreased.

Ultimately by decreasing the drag effects of the vehicle body the power
output of the engine needed to maintain a particular vehicle velocity will be
decreased and the efficiency of the engine will in turn increase. This can be seen by

the following equation.

Equation 16
01 €10 0iENDIOUWHE 0 QI GRIGEN Qi MR | 2FQOH QA ¢ O'QO
5.3 Power Transmission
When power transmission is concern in increase engine and fuel efficiency
the governing equation for design consideration is as follows

Equation 17

k
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Where— is the efficiency of tratOi EOOET T h 4 EO OEA OAODPAAOD
represents respective angular displacements.

Essentially, the goal to optimize the efficiency of the power transmission, for
a fixed Torque ratio is to increase the gear ratio by either safely and efficiently
incOAAOGET ¢ OEA AT cOl AO AEODPI AAAT AT O | OEA xEA,
AEOPI AAAT AT O | OEA AT CET A OPOT AEAO OOAOGAOOAT

decreasing the gear/sprocket radius respectively.

5.4 Analysis
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The greater camsideration for structural design and more so structural
rigidity was highly prominent in the design of the vehicular chassis and
aerodynamic vehicle outer body as it is these aspect of the entire vehicle that plays
key role in the determination of how effcient the system will perform in respect to
its resilience to force applications and disturbances.

5.4.1 Material Selection
For the vehicular body, in regards to the material of which it would be made,

the selection of material must coincide with critica design criteria for any material
to be utilized in fabrication. What the material must be of a light weight composition
that is substantially rigid, contain physical properties that will reduce aerodynamic

frictional forces and cost effective.

The choces for material were between that of aluminium, carbon fibre and
fibre glass. Each of the three materials is efficiently light weight with carbon fibre
being the lightest and aluminium the heaviest of the three so one might suggest the
use of carbon fibreand this would be a viable choice theoretically. Each of the three
materials is substantially rigid for all intents and purpose and lightweight as
aforementioned but the ultimate determining factor in this case would be the cost
efficacy of the three mateals and of the three the most cost effective with relatively
greater strength and lightweight property combinations is the fibre glass. So it is

this material that is used to construct the vehicle body.

The chassis consists of the combination of bothteel and aluminium alloy

used where necessary for optimal performance. Where the use of aluminium is
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necessary there needed to be a selection between industrially used aluminium. The
choice was made between Aluminium 2024, 6061 & 6063 with the following

justifications.

Table 4. Aluminum 2024 Composition

2024-T3 Aluminum

M‘”"““!“ Ultimate Tensile Strength, psi 70,000

Properties
Yield Strength, psi 50,000
Brinell Hardness 120
Rockwell Hardness B75

Chemistry 90.7
Aluminum (Al) 94.7%
Chromium (Cr) 0.1% max
Copper (Cu) 3.8-4.9%
Iron (Fe) 0.5% max
Magnesium (Mg) 1.2-1.8%
Manganese (Mn) 0.3-0.9%
Silicon (Si) 0.5% max

Consideration was first taken on Aerospace grade 202%3 Aluminum
because of its relatively lignt weight of the three metals which made it a great
candidate but due to its relatively poor weldability, it was not utilized. The next

candidate was Aluminum 6061T6.
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Table 5. Aluminum 6061 Composition

6061-T6 Aluminum

Physical_ and Ultimate Tensile Strength, psi 45,000
Mechanical
Properties Yield Strength, psi 40,000
Brinell Hardness 95
Rockwell Hardness B60
Chemistry 95.8
Aluminum (Al) 98.6%
0.04
Chromium (Cr) 0.35%
0.15
Copper (Cu) 0.40%
Iron (Fe) 0.70%
Magnesium (Mg) 0.8-1.2%
Manganese (Mn) 0.15% max
Silicon (Si) 0.4-0.8%
Zinc (Zn) 0.25%

Analysis was carried out with this aluminium to test its validity to be used
and what was found was that this lightweight material was efficient for the se in
the chassis design but for credibility the third aluminium, Aluminum 6063T52, was
considered. Thorough testing was found to be unnecessary and furthmore
redundant as Aluminum 6063 is theoretically half the strength of Aluminum 6061
and design using6061 were carried out with mild conservation. The use of 6063

would prove nonbeneficial as the system would have a great failure probability.
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Table 6. Aluminum 6063 Composition

6063-T52 Aluminum

M'""““T“ Ultimate Tensile Strength, psi 27,000
Properties
Yield Strength, psi 21,000
Brinell Hardness 60
Chemistry 97 5%
Aluminum (Al) max
0.1%
Chromium (Cr) max
0.1%
Copper (Cu) max
0.35%
Iron (Fe) max
045 -
Magnesium (Mg) 0.90%
0.1%
Manganese (Mn) max
0.2 -
Silicon (Si) 0.6%

For the Chassis structural members, the use of 6060I6 Aluminum is to be
utilized. As for component that were found to require a greater resilience and
strength against larger loading, Industrial steel was utilized, since steel itself is a
relatively strong metal, and the application for the vehicles intent and purposes
need not be conservative as its use is simple, AISI 1045 Steel was utilized for study

and fabrication for the rear wheel axle support and the steering spindle assembly.

5.4.2 Baly Structural Analysis
Analysis was carried out with the consideration of the likelihood of particular

situations occurring. For optimal system performance and ample design
consideration analysis was carried out under the extremes of various situans
with variable force magnitudes and application vector orientation on a chassis with

the below member configuration and member cross sectional sizes.
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Figure 21. Chassis member configuration and member cross se ction

The constant constraints of the system when analyzing the chassis design is
the existence of influence of the engine and component weights, driver weight and
weight of the vehicle itself on the system design. Under any loading conditionsette
are the forces that should and are expected to remain influential contributors of

mechanical loading.
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Table 7. System Load Initial Constraints

System Loading Constraints

coord. coord.
- -130 -
- -30 -
- -54.44

The above tabular data can be visualized through the following figure which depicts

the load distribution through various regions of the chassis

Engine + Component Weight (Ibf) =
0i-30j+0k

VehicleWeight (Ibf) = 0i-54.44j+0k

Driver Weight (Ibf) = 0i-130j+0k

Figure 22. Load Applications

In accordance to SAE rules and regulations, the main variable that was used for

testing for the chassis was thesP m thd was speified with freedom to be

applied in any vector orientation on the roll hoop.
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Table 8. Roll Hoop Load Application Cases

Anglei i component  jcomponent kcomponent
5 90° 0.000 -250.000 0.000
§ % 180 250.000 0.000 0.000
Q g 0° -250.000 0.000 0.000
S 45° -176.777 176.777 0.000

176.777 -176.777

Variable applied force (Ibf)=Fapst -250cos °i - 250sini %

3 Predefined System Initial loading Conditions

Figure 23 Roll Hoop Load Applications

With this applied force acting in the xy (i-j) plane that allows it to act at the
utmost top point of the roll hoop, the system is subjected to the most critical
situation of that force application and is theoretically ample for design analysis. The
most critical of the ca® situations would be Case 1 in the above table and from this
case the results below can be used to justify the suitable design of the chassis

system.
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Figure 24 .Stress Distribution

The above stress analysis shows thahe maximum value of stress that the
system exhibits is that of 9884.83 psi and from what is known of the properties of
6061 Aluminum, the Ultimate Strength is of a valud0,000 psi and Yield Strength of
45,000 psi; therefore, this result infers that thesystem under this critical loading

situation is substantially above the failure.

Figure 25 .Displacement Distribution
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Although it would be plausible to say that 6063 Aluminum would have been
ample for this system, vhen displacement is determined it is seen that although the
system will not fail, the displacement is relatively significant to the point where it is
negligible but at a threshold of being a crucial factor. The highest value of
displacement within the system is that of approximately 5mm but this may not be
reliably accurate due to the asymmetric nature of the displacement plot but the

values are credible enough to give reasonable data for design.

Model name: Analysis of Chassis

Study name: Static loading

Plot type: Factor of Safety Factor of Safety1
Criterion : Max von Mises Stress

Red< FOS=1 <Blue

Figure 26 .Factor of Safety Distribution

The next concern is whether the design in safe and satisfactory, when plotting a
safety factor distribution, it is seen that the chassis design theoretically will not fail
and that the design conceived will operate sufficiently as the @ssis exhibits a

factor of safety greaterthanone&/ 3 ). p
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There existed within the design of the chassis, components that were subject to
higher or more concentrated loads that would not be constructed of aluminum,
instead these components wee design and constructed of steel and simulated in the

chassis load analysis as solid members to obtain reactions at those locations.

Table 9. Support reaction forces

x (Ibf) y (Ibf) z(Ibf) Resultant(Ibf)
Reaction on Spindle 243.848 141.3884 -78.6654 292.6450427

Reaction on Axle support 438.3729 234.0756 96.54847 506.2450126

The above load reactions were obtained from critical loading situations to be
applied on the spndle to and axle support to determine its design validity. In
regards to the aerodynamics body of the vehicle that must conform tight around the
chassis design, the most beneficial combination of a teardrop and aerofoil shape was
found to be one that consts of an arrangement of aerofoil profiles from a 2D side
perspective and from an aerial view, the use of the teardrop convergence and

divergence.

With the above constraints the below chassis was designed and rendered in

simplicity to portray the aspects of their design that was mentioned above.
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Figure 27 Chassis and Components

5.4.2 Aerodynamic Body Analysis

In regards to the aerodynamic nature of the body that will encase the previously
designed chassis, the goal of tHeody design is to reduce the aerodynamic drag
relative to various aerodynamic shapes and to achieve a low drag coefficient that

will in turn increase the fuel efficiency of the vehicle.

Through the following analysis the below chassis was designed to tipize and

utilize the aerodynamic benefits of the aerofoil and tear drop shapes.
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Isometric

Bottom View View
Side View

(D) o () e
Top View

N—_ J/

Figure 28. Body Profile in various views

The first considerations that were utilized were the determination of initial
conditions that were used within computational fluid analysis to determine useful

fluid flow parameters.

Since the average annual weather and climate is known for the region in

which the car will experience its operation the initial conditions of the flow media

(fluid) is known and listed below.
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Table 10. Initial Fluid Flow and System Conditons

Initial Fluid Flow Conditions

Media Air

Body Material Fibre Glass
Body Material Absolute Roughness (m) 5E6
PressureP; (kPa) 101.30
TemperatureT 4 (°C) 20.00
DensityMwumid «ir (Kg/m 3) 1.22
Dynamic Viscositly 4 (kg/m-s) 1.84E05
Relative HumidityRH%) Fpn
Fluid Flow Velocity,;; (m/s) 6.7056-11.176

Theoretically, the value of the drag coefficient that is tbe obtained was found using

the following equation.
Equation 18
O
o) 2 Yy YO QET —

Oi @ QQQQUWQQEH

with the realization that andysis is to be undergone with a stationary vehicle body
(Uvenicle=0) subject to an opposed fluid flow and a zero angle of attack (' 5 the

following equation simplifies to

Equation 19

~

01 (R QQQQWQQED® T” 206 zY
Typical the frontal area of the vehicle can be found empirically using the following

equation.

Equation 20

0 @) @ ©2 /
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Where b is the maximum horizomal cross-sectional width of the body and h is the
maximum vertical height or for a more accurate measurement, the value of the
vehicle frontal area can be obtained directly from the 3D CAD software used to
design the body. From the use of SOLIDWorks th@mtal area was found to be
Equation 21
0 a o8 TWPeoYPogq

Implementing this into the above drag coefficient equation over select values
of flow velocity Uair, the drag coefficient is determined as it is simultaneously
correlated to the velocity of fluid flow as well as itscorresponding drag force to
determine a range of relevant coefficients that than one value tainted with a high
degree of error due to its association to one instantaneous flow situation. With this
methodology the coefficient of drag was determined to bg-- ¢ 8 3
It was expected that as the velocity of the fluid flow over the aerodynamic body
decreased the drag force over that body should increase showing the inversely

proportional relationship between the two quantities as seen below

Drag Force vs Flow Velocity
12
€10 ———
K o
8 . T
S @
o 2
a 0 T T T T T )
6 7 8 9 10 11 12
Air Flow Velocity (m/s)

Figure 29. Drag Force with respect to Air Flow/Vehicle Velocity
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With a variation of air flow velocities and the corresponding drag force
induced by that flow velocity it was seen the value of the drag coefficient behaved in

a manner that was expected which was to vary within an expected range depicted in

the below figure.

o Drag Coefficient vs Flow Velocity
LL
£0.043
S 0.042 ®-----—--- ®--——-—---- & -——---=== & -—--=-=-= ®
8 0.041
% 0.04 T T T T T 1
S 6 7 8 9 10 11 12
Air Flow Velocity (m/s)

Figure 30. Drag Coefficient with respect to Velocity

- Drag Coefficient vs Drag Force
O
2 0.043
é 0.042 o o B P A
g 0.041
O 004 T T T T T T T T 1
g 2 3 4 5 6 7 8 9 10 11
= Drag Force (N)

Figure 31. Drag Coefficient with respect to Drag Fo rce

5.4.3 System Fuel Efficiency Performance Rating

For one to determine the efficiency rating of a vehicle there must an
understanding or the kinematics of the system in regard to the propulsive and
resistive forces that affect the engines performance.df any generic system the
resistances forces that are under concern that oppose the propulsive force of the

engine are a summation of aerodynamic resistive forces, rolling frictional resistive
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forces, accelerating/decelerating resistive forces, drive traittraction resistive forces

and operational gradient resistive forces.

Equation 22
S PR FEVUTEE FIGRE. FINTE I, F W

For the simplification of the system to only incorporate relevant parameters
and conditions, the system is to be treated as a steagyate problem as well as the
operation of the vehicle is to only be considered over a perfectly level terrain so the

above equation simplifies to the following.

Equation 23

R T, FETUES EFGE KT

There forces can be seen using an assembly of the design system below.

FrDrag
FR tract

(+) dx-direction

FPFOP

Fr rolling

¢

Figure 32. Force Interaction of Complete Vehicle Sys tem
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The objective is to determine the Force that he engine must output in order
to bring the vehicle to a state of mobility. To do this the components of the resistive
forces in summation must be determined and each can be determined using the

below formulations.

Equation 24
5 Qi ¢ Q6 EYRd WHWE QUMD HdD ga ST T
Equation 25
Yé O OAREOD 6 0L i "QiddE DEID Wy A\
Equation 26

O1 "QYIQO™AE O 0 Y'QE Qi@ Qcﬁiﬁ'ﬂ
Once these forces are found their summations determine the minimum value

of force output the engine must exhibit for mobility. The power needed to overcome

these resistive forces is determined with the following equation.
0 & GMED & QDG @ o "OYHAATIR O z@ O z@d
It is seen that the power provided by the engine is quite sufficient to achieve the

range of flow (vehicle) velocities and is depicted bthe figure below.
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Power vs Flow Velocity

4

,.\35 - - - - -
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1S

a 25

T
o 2
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| g === === -
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6 7 8 9 10 11 12

Air Flow Velocity (m/s)

—o— Max Engine Power Output
— @ - Power to Achieve Velocity

Figure 33. Power with respect to Airflow/Vehicle Velocity

In regards to the energy efficiency of the system, the value of this quantity is
determined empirically by subjecting the complete vehicle to a set of otrolled trial
runs over a specified path of known distance. This will allow one to determine the
amount of fuel consumption that occurs over this specified course and by simply
finding the ratio of distance travelled by the fuel consumed, the miles per ban
(energy efficiency) is determined. Considering a substantially low influence of
resistive forces relative to the output of the 3.5 HP engine on the vehicle
performance, the expected empirical value of energy efficiency is expected and

should lie credbly close to that of 1000 miles per gallon (1000 mpg).
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6.0 Prototype Construction

6.1 Description of prototype
The first prototype we made was of the chassis. This was a full size model
that was designed to check the dimensions of our current desigmdaving the
AEI ATOETTO i1 DPAPAO AT AOTI 80 Al 1 OAE xEAT OO
x| OE xEOE OEA AOEOAO8 50EIC ©d6 xI1TAAT Al xAl
dimensions, we set about constructing the full size model. One last note about the
model: this was designed for the purposes of seeing what the dimensions come out
as first hand, and as such the angles and lengths are not perfect, nor was any

member of the model designed to withstand any sort of force. It is only for viewing

and testing ofdriver size.

6.2 Prototype Design

This prototype is a full size replication of our current design. As such, all the
dimensions and angles are the same. The only difference between this prototype
and our final constructed chassis will be that this model WO | AAA T £ 66 x1 1,

dowels taped together. The final chassis is to be made of aluminum.

6.3 Parts List
T cuv oed 111 C xii AAT Al xAi O

1 55 yards clear tape
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1 Ruler

1 Handsaw

6.4 Construction

The first step was constructing the bottom supports for the chassis. The
following figure shows the layout of the bottom supports of the chassis. As you will
notice, the dowels were not cut to the dimensions specified; in fact, most of them are
sticking out past the joints where they are connected together. That is because we
planned on using the dowels again so as to be able to produce a scale model that will
have the correct dimensions. This prototype is just a temporary one for our viewing

purposes only and was not intended to be put on display.

Figure 34 Chassis Bottom Supports

In the figure shown above, the horizontal supports are each given a number.

The first support corresponds to the front of the chassis. The second support is
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where the front axle is located. The actual axle will be higherfobf the chassis. The
third bar is just another support bar. The fourth bar is where the roll loop and
firewall are to be located. This bar is what is separating the front of the chassis from
the back of it. The fifth bar is a support bar for the engine aa and is just to help
support the engine and associated parts.

Once the floor of the chassis was setup, the next part we assembled was the
roll loop and supporting bars. The next figure shows the chassis with the roll loop

representation and a pair of spporting rods.

ek

Figure 35 Chassis Roll Loop Approximation

Bars 4 and 5 are the same as in the first model picture. Bar 6 represents the
top of the roll loop. This way, we can see where the highest point on the roll loop is
as conpared to the rest of the chassis. Support 7 (and the corresponding support on
the other side of the roll loop) is the first set of supporting bars to help stabilize the
roll loop. There will also be nylon webbing running from rod 7 to its pair so as to

help prop up the driver into a more comfortable driving position.
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Once the roll loop was setup, we then proceeded with attaching the rest of
the supporting bars for the chassis. The next figure is the complete chassis.
However, since this was only used forising purposes, there are no supporting rods
in the back of the chassis. The front is complete, while the back was left empty. The
curved piece of paper is a rough approximation of the final shape of the roll loop. In

reality, it will be more circular.

Figure 36 Full Chassis Front

Bar 8 (and its pair on the other side of the chassis) are the support rods that
run from the roll loop to the front axle. Support 9 (and its pair) are the vertical
supports for the front axle. These ardo help lift up the axle the required height
above the chassis floor. Strut 10 is the representation of the front axle.

Once the model was fully assembled, we then tested it out by having the

driver sit inside. We also performed ingress/egress tests wit the model. One of the
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technical requirements for the competition is that the driver needs to get in or out of
the car in less than 30 seconds unassisted. The following pictures are of the driver

(Roger Laurence) sitting in the chassis.

Figure 37 Driver Test Fit 1
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Figure 38 Driver Test Fit 2

6.5 Prototype Cost Analysis
1 $26.50 for the dowels

1 $4.99 for the tape

The total for all the supplies for this prototype came out to be $33.69.

6.6 Discussion

Thefirst thing we noticed after having the driver in the model car is that with
the current dimensions, there is plenty of room for him. This is good because this
was the whole purpose of making this model. Our secondary purpose was just to be
able to see wiat it would look like once we finally assemble the complete chassis

from aluminum.
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Our next step in terms of a prototype is to take apart the current one and
salvage the dowels that we used so we can produce a scale model of the chassis. This
scale modelwill serve as our display prototype. This way, we can show off what the
chassis will look like without having to bring the full one.

We also are planning to produce a scale model of the body. This way, we can
use the model to perform water tunnel testirg on it since that is much simpler than
performing a wind tunnel test of the full body. By first using the scale model for the
tests, we will be able to check to see if we met our goals for the body (such as a drag
coefficient of 0.15). If not, we can themmodify our design before producing the

actual body.
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7 Testing and Evaluation

7.1 Overview

With the prototype fully assembled tests were ran to validate the objectives
made and to also support the results that were gathered using simulation on
Solidworks. The individual component namely the engine, chassis and body were
tested separately then were tested as a final assembly.

The ability for the chassis to withstand the weight of the drive and the engine
was test. The chassis was also tested to withstartie vibrations induced by the
running engine. The final dry weight of the chassis was also evaluated. With
prototype fully assembled, the following tests were performed; top speed, turning

radius, drag coefficient and overall miles per gallon.

7.2 Designof Experiments Description of Experiments
In order to test for the drag coefficient of the prototype the car was equipped with

a speedometer using an application on a commercially available smart phone. The
following experiment was performed

1. The car wa brought up to a speed of 25 miles per hour.

2. Every 10 seconds until 70 seconds the speed was recorded

3. Steps 1 and 2 were formed two times to reduced error.

4. Steps 1,2 and 3 were repeated with the car moving in the opposite

direction

5. Average velocities we calculated at each time interval.
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6. The constant values in the experiment including; density of the air,
gravitational constant, frontal area and total mass of the prototype with the
driver were all recorded.

7. Using an excel sheet the drag coefficient sasulated

The overall miles per gallon of the prototype was tested by the following
procedure

1. A known volume of gasolineas addedo the fuel bottle.

2. The car was ran along a known distance

3. At the end of the controlled run the fuel bottle was removetl the
remaining volume of gas was recorded.

4. Using the recorded data of the volume of gas consumed and distance
travelled, the miles per gallon was recorded.

The following tests were very simple to perform. The turning radius of the car
was teted by fully turning the front wheels in the maximum locked position. The car was
then pushed in a circle and the path traced, from this traced path the radius was measured
using a measuring tape. In order for the weight to be tested the entire assembly wa
placed on an industrial sized scale. Using the speedometer mounted in the car, the throttle

was engaged fully and the maximum speed was recorded.

7.3 Test Results and Data

The results for the maximum speed of the prototype were compiled using a
android cell phone application. The prototype was ran under two conditions namely
with the chassis and with the entire assemble including the chassis and fiberglass

body. The results for these to runs can be seen in the tables below.
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Table 11 Test Run with full Body Assembly

Test Run with Body
Total Distance Max Speed

21.29 mi

Total Time Average Speed

5.04 mph

Moving Time Average Moving Speed
9:41 10.99 mph

Table 12 Test Run with Chassis

TestRun Chassis with Bottom
Total Distance Max Speed

17.72 mph

Total Time Average Speed

4.23 mph

Moving Time Average Moving Speed
5:13 6.22 mph

Results for the other tests performed can be seen in the table below.

Table 13 Test Results

Test Result
Dry Weight 95 Ibs
Drag Coefficient 0.042
Turning Radius 17 ft
Miles per gallon 33 mpg

7.4 Evaluation of Experimental Results

The results of the maximum speed test show that the fully assembled
prototype with body and chassis recorded a higher maximum spedtan that of the
chassis only This leads us to corclude that the aerodynamic design of the body

indeed added to the overall performance of the prototype.
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The results for the miles per gallon test yielded a nundy that was far below
our targeted figure. This was due to the fact that we encountered many engine
problems that were outside our scope of expertise. Also, due to the limitations of
time, we were unable to make many changes to the engine that would havelped
significantly in attaining the miles per gallon figure that was laid out in the
objectives of this project. In addition to the abovanentioned difficulties the actual
test was done under real world driving conditions in the parking lot of the
Engineaing Center instead of the controlled conditions of a racetrack. This lead to
us having to drive on a very uneven surface that caused our power transmission
chain to be undone many times during the test period and also the sharp turns
caused us to have tslow down significantly.

The simulated drag coefficient attainted by using simulations on Solidworks
was 0.0418. The actual physical test done using the fully assembled prototype
yielded an impressive drag coefficient of 0.042. This figure was accepted iasvas

very close to that of the simulated value.
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7.5Improvement of the Design

If time permitted there would be some changes that we would like to see
implemented to the current prototype design. The first thing is that the body would
be made out & carbon fiber instead of fiberglass. Also the foam used to sculpt the
plug for the body would be more flexible to achieve the geometry stipulated by the
design. Another change that would be made is the use of better tires. Due to
budgetary restriction we were forced to acquire tires that were heavily treaded
which added to the rolling resistance of the prototype. Another improvement that
can be made is the braking system. The present prototype features one disc brake
on the rear wheel. The improved desigshould feature hydraulic brakes on all three
wheels.

Due to the fact that the main objectives of the senior design project focused
on the chassis and body, not much attention was paid to the engine used on the
prototype. A future design should see majormprovement to the engine functions
including a improvements to the clutch assembly, intake manifold, exhaust, filters

and polishing of the components for less friction.
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8. Design Considerations

8.1 Construction

8.1.1 Frame assembly
The first step in the construction of our vehicle was to assemble the chassis.

This was broken up into two main steps: first, to cut and shape all the aluminum
tubes, and second, to weld all the tubing together.

The hollow aluminum tubing we used for the chassis is 6061 dluET O h p &
AEAI AOGAO xEOE A OEEAETAOO | £ pTywd8 4EA OAAOQI
discussed previously in the design analysis section, it offered a satisfactory overall
weight and exceeded the required strength requirements. We used numerous
different machines in order to perform the required cuts, including a horizontal
band saw a verticalband sawand a knee mill.

111 OEA OT AO T OAAOAA AOOEOAA AO OEA OAI A
was to cut all the bars down to the required legth as specified in our drawings. 22
ET AEOEAOAT AAOO xAOA AOO &£O1TiT OEA T1T1TCGCAO 11/
Ol A PAEO T £ AAOO OEAO xAOA 1 wd bhahdisgp8 4 EAOA
since they were straight cuts without any anglesvolved.

Since all the rods are round, the ends needed to be coped first in order to
connect them together so they are flush. Coping is when you cut into the ends of the

bars with an end mill so that the ends are rounded, as shown in the figubelow. As

can be seen in the figure, the ends started out flat, but by using an end mill with the
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same diameter of the tubes, the ends were rounded so that they will sit flush with

the other bars.

Figure 39 Comparison between coped and u n-coped member

As you will notice in the engineering drawings included in this report, most
of the bars are connected at angles other than 90°. This meant that we had to turn
the head of the machine on its side for the copes involving angléhe figure below

shows how the coping of the ends works for the angle tubes.

Figure 40 Knee mill position for angled coping of members

After we finished all the cutting/coping of the 22 bars that form the chassis,
we then needed to shape tb roll loop. This was the most difficult part in the

machining stage for the chassis as it involved bending the aluminum tube that was
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to be used. All the other bars we used are straight bars, so they only required the
cutting or coping. The roll loop requred only flat cuts at the end, but did require the

use of the bar bender to reach our final shape. The full roll bar was one tube with a
1ATCOE T &£ ve68 /11U OEA Oi P PAOO T £ OEA
bottom had straight legs going upto the curve. The following figure shows the

starting bar set up in the bender.

Figure 41 Rod Bending: Beginning

Since the bender will bend the bar about a specific point, as opposed to over
a range of points, we divided the pdrto be bent into 18 different sections. At the
division of each section, we would bend the bar a certain amount, move to the next
section and bend that the same amount, doing the same for each section until we did
all 18 sections. The first time around, w bent each little section 15° compared to
the previous section.The figure below shows how the bar turned out after the first

time through the bender.
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Figure 42 Rod Bending: Midway

As can be seen from the photograph, 15° was nenough to bend the ends so
that it performs a complete 180° turn. Therefore, we did the same procedure, but
this time, each section was bent 20° instead. Once all the sections were done, we
AEAAEAA OEA AAO AT A OAx OEAWenEeOedOletolri x AOT 6
was then put through the bender a third time with each section being bent 25° this

time. The following figure shows the bar after the third time through the bender.

Figure 43 Rod Bending: Final
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After the third time through, it was much closer to the required 180°, but still
off by a little bit. We then chose a select few sections to be bent 30°, starting from
the center of the half circle and moving outwards. After a few more fine adjustments
to certain sectians, we achieved the exact 180° we needethe figure belowshows

the finished roll bar.

Figure 44 Final Roll Bar

With the roll bar completed, all the machining of the bars in preparation for
assembly was complete. The next stepas to weld all the members together to form
the chassis. For the welding, we had to hire a professional. None of us have
experience with welding. Plus, aluminum is much harder to weld than steel, so we
needed someone with experience working with aluminumz A OOAA * AUB O 4 OA/
Lawn service to help with the welding because he was recommended to us.
The type of welding performed was TIG welding (Tungsten Inert Gas, also
referred to as GTAW, or Gas Tungsten Arc Weldin@)G welding works by sending

a current through the tungsten electrode into the work piece by way of plasma
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formed between the electrode and metal. The work piece must be grounded
properly first for this method to work. What separates this form of welding from
other popular forms (such as MG welding) is the fact that it uses a tungsten probe
OEAO jxEEAE AiAOI 30 CAO Ai100i AAQ OF DOI AOA
metal needs to be added manually, as opposed to MIG welding. However, TIG
welding offers greater control and allows to velder to add more or less filler as
necessary. This is one of the preferred methods of welding for thin walled
nonferrous materials (i.e. aluminum).
In terms of safety, several precautions were taken before the welding started.
This included the use of avelding mask to shield our eyes from the intense light
OEAO EO AiIi EOOAA mOii xAl AET C8 $O0A O OEA =&
DOl AOAA &I UET ¢ OPAOEO 1 EEA -)' xAl AET cqQh
however, it was still used because ultrawvlet light gets produced and can cause
sunburns. Unfortunately, one of the team members that worked closely with the
xAl AAO AEAT 60 OAAI EUA EA EAA A OOOED 1 £ A@Pb
mask. Assuch, @ AAABORAOOT 6 AOT 1. A11 OEA xAl AET C
After cleaning the work area and readying the bars, the welding started. We
started from the front of the chassis and then worked our way towards the back.

The next series of figureshow the assembly of the chassis, piece by piece.
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Figure 45 Chassis Assembly 1

Figure 46 Chassis Assembly 2

Figure 47 Chassis Assembly 3
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Figure 48 Chassis Assembly 4

Figure 49 Chassis Assenbly 5

Once the welding was completed, the chassis was taken outside for some
informal testing. This including testing the size of it to ensure that the driver would
be able to fit inside comfortably, some strength testing which involved two of us at a
time standing on it (which was a greater force than it will ever experience during
AOEOET ¢cq AT A OEAT A xAECEO OAOOG8 3ET AA xA
picked it up by hand and agreed on an estimated weight of about 30 Ibs. This is a
huge improvement over our initial design estimate of about 60 Ibs for the chassis

alone. The reason for the large difference is that the original design called for solid
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bars, while the current design uses hollow tubesrhe following figure shows all the

members of he team with the driver inside the chassis for a size reference.

Figure 50 Final Chassis Assembly

8.1.2 Body Assembly

With the assembly of the chassis now complete, we then proceeded to work
on the construction of the body forour vehicle. This was done in three main phases:
first, building a plywood skeleton of the body, second, forming the foam to the
skeleton, and third, applying the fiberglass to the foam to achieve the shape we
designed. Afterwards, the plywood skeleton was discarded and the body is
comprised of a layer of foam with two layers of fiberglass on the outside of it.

The first step in the constriction of the skeleton was to make the plywood
cutouts that would give it the desired shape. Since the body hadop and bottom,
two skeletons were made. Each was designed with a central spine that ran down the

center, with ribs coming from the central spine to the outer edges as you progress
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from front to back. The following figures show the completed skeleton for the

bottom the skeleton for the top of the body.

Figure 51 Skeleton of Bottom Plug

Figure 52 Skeleton of Top Plug
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