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1 INTRODUCTION

The intent of this document is to detail the design and fabricatfortisebf the Cal Poly senior
project team Central Coast Composites (CCC). The project beingaketeis the development
of three products for Cal Poly’s Supermileage club team. Curr@alyPoly Supermileage is
developing two vehicles for Shell’'s annual Eco-marathon competition, khgir mileage
Prototype Vehicle (PV) and their fuel conscious Urban Concept Vefu€l®/). CCC has been
commissioned by Supermileage to develop three products, a seat fob#me@émcept Vehicle,
and a wheelset each for the Urban Concept Vehicle and Prototypeevéhatkrials, funding,
and design requirements for these products is being provided by Supermileage.

Because each product to be developed has unique requirements thewlidpectarried out in
three stages. In the first stage, the UCV seat will be designed and built. The delseggseaitthas
been chosen as the first completion deadline because, in comparisorwteetiis, its analysis
and manufacture will be relatively straightforward and its fabdoawill give CCC much
needed experience working with composites. The second stage wilstcohghe design and
manufacture of wheels for the UCV. Whereas initially the plas twaroduce wheels for the PV
first, Supermileage ultimately decided that, since the PV alreaslya set of functioning wheels,
the preference was for completion of UCV wheels first. Conguiedf the UCV’s wheels is to
be prior to the end of March, 2010 when the Shell Eco-marathon is hellly Eneathird stage
of the project will be the development of wheels for the PY wilh outperform the vehicles
existing wheels. Manufacture of the PV wheels will be completed on a time pegrbéisis.

2 BACKGROUND

Before getting started with designing a seat and wheels, the rules hell Eco-marathon and
current available designs must be considered. The rules ardamtpsw that contestants know
what kinds of components are necessary and legal for the competitisstingeseat and wheel

designs are examined in order to determine what designs may or magrkot The rules are

summarized in more detail and existing seats and wheels agacnin the following sub-

sections.

2.1 Shell Eco-marathon

The Shell Eco-marathon began in Europe in 1939 when Shell’'s emploggas arguing about
who could get better gas mileage. The argument developed into a canpatid in 2006 the
competition was brought from Europe to the United States makingehis competition the"4

annual Shell Eco-marathon held in the US. The goal of the ShelinBcathon is twofold: to
design and build the world’s most fuel-efficient vehicles and to dohsle wroducing the fewest
emissions. Two vehicle categories exist for the American cotopetThe Prototype Vehicles,
which are streamlined vehicles that are designed to redug@ddamaximize vehicle efficiency,
and the Urban Concept Vehicles, which are built to more conventional 4-udereoriented

criteria.
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The objectives of the Shell Eco-marathon are:

e To encourage and foster innovation and ideas about fuel-efficiency arfdtuhe of
modern transport

e To help technical institutions

e To secure talent for their professional technical courses

e To promote technical careers among young people all over the world

Shell has competition rules and information available online fgendix A). According to
Shell’s rules, the wheels must be either 16” or 17” for the Uamcept Vehicle, but no such
restrictions exist for the Prototype Vehicle. From a rules standptiiete are no other
restrictions exclusively applicable to the wheel design.

Because of the long history of the Shell Eco-marathon, a large amibimfidrmation regarding
the development of fuel efficient vehicles is available. The tdahholds the current world
record in fuel economy, ETH Zirich, has published a book on theigrd€siTheir success
makes their literature an important component of the design of thd*@al Supermileage
Vehicles.

2.2 Existing Seat Designs

In order to learn more about seat designs, some current designsxamer@ed. Those seats are
the Recaro Profi SPA, the Ribtect carbon fiber go cart seat, the Ford RefleepCesat, the Cal
Poly sit ski seats, and recumbent bicycle seats. Size, weight, swugzostability, and comfort
were taken in to consideration.

2.2.1 Recaro Profi SPA Bucket Seat

The Recaro Profi SPR is an aftermarket racing bucket seat. It is made out oft@m&kevlar
fiber. It weighs 8.8 pounds without a seat track. There is padding lanclda the seat in order
to make it comfortable. It accommodates a five point harnesslizngtiholes which allow the
harness to pass through. The dimensions can be seen in Figure lbémd.Tarhe main
concerns about a seat such as the Recaro Profi SPA i¢ t#itweigh more than the target
weight of 7.5 pounds, it may not fit into the Urban Concept Vehicle, anexpiensive at about
$2200. Also, seat tracks are not included with the Recaro Profi &Padditional weight and
cost would be added.
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830

580

395

Figure 1: Recaro Profi SPA seat dimension$.

Table 1: Recaro Profi SPA specification$

Product Specs Description

Height 830 mm (32.7 inches)
Shoulder width 580 mm (22,8 inches)
Seat width 395 mm (15.6 inches)
Gross weight 8.8 lbs
Material Carbon-Kewvlar® fibre

2.2.2 Ribtect Go Cart Seat

The next seat which was examined is the Ribtecarbon fiber go cart seat seen in Figure 2.
The main benefit of this seat is that it weighs less than 6 poukids, the seat is contoured for
comfort, but lacking padding for additional comfort. The one piece desigmde, which
makes it easier to manufacture. There is sufficient lasengport for the driver and the Ribtect
seat is small enough to fit into the Urban Concept. The main dcavdiahis seat is the need
for additional hardware for installation and adjustability.

Figure 2: Ribtect carbon fiber go cart seat”
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2.2.3 Ford Reflex Concept Seat

The next seat examined was the seat in the Ford Reflex CSheelpicle as seen in Figure 3.
The Ford Reflex Concept is a concept vehicle designed by Ford to seowcariety of fuel
saving features. One of those is the simple and light weigtg.s&pecifications are not readily
available for the Ford Reflex seats because they are padooicapt vehicle. The benefit of the
design is mainly the weight reduction. The centers of the selatapgicseat bottom have been
replaced with a net-like mesh to reduce weight and material esgeits. The use of the net
material also provides comfort for the driver by acting as a cnskould. While specifications
are not available, the design of the seat may be used in the Cobaept to save weight, while
remaining comfortable. Adjustability and cost requirements are unknown afrt@is t

Figure 3: Seats in the Ford Reflex concept vehicl@.

2.2.4 Sit Ski Seat

Cal Poly has a history of working with paraplegic athletes in desgoustom skis for
paralympic competition. As part of their project scope, the engimegss create a custom seat
that holds the skier in place, while not adding too much additional wdigktSit Ski Team'’s
seat molds and experience with constructing composite seatsewiilpful in determining the
best way to approach the design of the Urban Concept Vehicle’s compesiteAdditionally,
the Sit Ski molds could potentially be reused on the Urban Concept Vehicle.

2.2.5 Recumbent Bike Seats

Recumbent bicycle have an actual chair shaped seat unlike tradliopeles which have
saddles. The idea behind a recumbent bicycle is that instelael wigjority of the weight of the
rider being carried by the legs, arms and hands, the chair will uppmh of the load. A
recumbent bicycle seat, seen in Figure 4, is usually a mesh stretatrea frame or a solid shell
seat covered with soft foam which adds comfort to the rider. &aes ®n a recumbent bicycle
are light weight but still strong enough to hold the weight of the @ader the force the rider
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transmits. Many recumbent seats are ergonomically designed foortifert of the rider. Most
recumbent bicycle seats are custom made and the retail pricesvezerb&100 and $250.

Figure 4: Recumbent bike sea(5)

2.3 Existing Urban Concept Vehicle Wheel Designs

2.3.1 Weds Sport

The Weds Sport wheel in Figure 5 is the first all carbon wtoeké released by a wheel
manufacturer? The information on this wheel was minimal because it was gisplan Japan
and technical information was not abundant. Weds uses a dry method toheskkevheels as
opposed to a wet methol. These wheels present a very light weight package and are
aesthetically pleasing. While a wheel similar to these would lgeod choice for the UCV,
these wheels are expensive at $2500 to $4000 a piece. Also, Cal Raiptihave the facilities
necessary to produce wheels like these.

s

Figure 5: Weds Sport full carbon wheel”

2.3.2 Dymag Carbon Magnalium

Dymag is a car and motorcycle wheel manufacturer that manufadiucepiece carbon and
magnalium wheels seen in Figure 6. The hoop is carbon fiber and tlee isemtagnalium?
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They are very light weight and have been produced longer than the Weels.whéey are,
however, too expensive to purchase. Cal Poly also lacks facilittreariafacture wheels similar
to these.

Figure 6: Dymag two piece carbon and magnalium cawvheel.

2.3.3 Dymag Motorcycle wheels

Dymag also produces motorcycle wheels such as the one seen in Figure Genefits of these
wheels are that they are light weight, rigid, approved for standardussgdand available in a
narrow enough size for the UCY. The drawback of these wheels is that they are expensive at
roughly $3000 per set’ These wheels would be difficult to manufacture at Cal Poly, butadue
the one piece design and less intricate shape, would be eagiantdacture than a wheel like
the Weds Sport wheel.

Figure 7: Dymag 5-spoke motorcycle wheel. (Dymag)

2.3.4 Rivers Carbon Racing Wheels

Another potential design is that of Rivers Carbon’s racing whé@diese wheels, seen in Figure
8 and Figure 9, are designed for drag racing and have been tested to 1Hh9ad forque™.
This design is a fairly simple two piece design with the cenieglesolid disk. Of the several
wheels previously shown, these would be the easiest to manufacheg.afe also overbuilt for
the UCV, so a smaller design that is not as strong as thesg mlceels could work for the
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UCV. The drawbacks of these specific wheels are that thesuatem made by Rivers Carbon
and are most likely expensive, and Rivers Carbon is located in New Z&aland

Figure 9: Detail of the center of a Rivers Carbomacing wheel.

2.3.5 Other Urban Concept Vehicle Wheel Designs

Other potential designs for the UCV wheels are similar to pateti¢signs for the Prototype
vehicle. Since the UCV does not need wheels as large as stanttarbile wheels, any of the
potential Prototype wheel designs could work, but on a larger scale.a¢tootthese potential
designs, similar problems are present for use or manufacturing for the UCV.

2.4 Existing Prototype Vehicle Wheel Designs

The market for custom wheels is very large, but is mainly centered on full sexkthike wheels
and aftermarket rims for production street vehicles. Compamafolducts to Supermileage’s
request do exist; however, they are underdeveloped and costly. The riglls@gtion explains
how current custom products can help Central Coast Composités custom wheels that meet
the needs of Supermileage.

2.4.1 Formula SAE Vehicle Wheels

The Cal Poly Formula SAE teams have made several attembpdesigning and building
successful carbon fiber wheels as seen in Figuré”10heir project reports are available on
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Microfiche in the Cal Poly library. Relevant manufacturing technigures test data from their
report could prove useful in the designing of the Supermileage whéeldatest Formula SAE
wheels are also an important case study because they failed thefpeen made it to the track.
The inflation pressure from the tires was sufficient to separate arldtbeawheels. A close look
at the failure mode of these wheels will be important in prawgrdanother Cal Poly wheel
mishap.

Figure 10: Cal Poly Formula SAE composite wheelS?

2.4.2 Recumbent Bicycle Wheels

There is a large market for recumbent bicycle racing wheelsasitie one in Figure 11. The
top of the line products serve as a benchmark for the Prototype Velhekds. The standard
recumbent bicycle wheels are the correct size for the Protéghele. Composite full disk
wheels already exist on the market, but are expensive. Central Gwagbsites aims to attain
similar performance to existing racing wheels while offerimgnt to the Supermileage team at a
lower cost.

&

Figure 11: Recumbent Bicycle Whee

2.4.3 Zipp Wheels

Zipp is a performance road bike wheel manufacturer. They mauardatll disk and carbon
hoop spoke wheels seen in Figure 12. Wind tunnel tests done by Zipp have sliawva thih
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disk is the most aerodynamic design. Zipp also manufactures dimpmethénsurface of the
wheels to break the boundary layer of air on the wheels, thus reducigg driae main
drawbacks of Zipp wheels are that they are expensive and too large for the Protdigpe Ve

Figure 12: Zipp full disk rear and front spoke composite wheels"”

2.4.4 Mavic Cosmic Carbone Ultimate Wheel

Mavic manufactures a wheel that has a carbon hoop with unilatepéical carbon spokes that
appear to be bonded to the hoop and full carbon hub as seen in Figure $&relseme of the
lightest road bike wheels available and take advantage of the prspaftearbon fiber. The
problem with these wheels is that, like the Zipp wheels, thegxgensive and too large for the
Prototype Vehicle.

Figure 13: Mavic Cosmic Carbone Ultimate wheef*”

2.4.5 Current Prototype Wheels

The current Prototype wheels are Alex DX32 rims, Figure 14, with &yuncher XFD front
hubs. The rear hub is a standard bmx type hub. These wheels are igititfarea low price,
durable, and easily serviceable due to readily available partsdrabacks of these wheels are
that they weigh more than the designed competition weight, and have higbnadtanertia
compared to composite wheels.
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Figure 14: Rim from current Supermileage Prototype™

2.5 Composite Materials

Composite materials are known for their high strength-to-weidiat ia order to minimize the
weight on the Supermileage Vehicles, it is crucial for us to congitiech type of composite
materials and what orientations will provide the greatest streargt the least amount of weight
for the seat and wheels. The two main types of composites consiaerdisf project are
fiberglass and carbon fiber. Tableb2low shows a comparison between the two materials and
adds aluminum and steel as a reference.

(17)

Table 2: Material Properties Comparison

) Fiberglass Ca_rbon Carbon .
Unit (0°/90°) Fiber Fiber (Uni) Aluminum | Steel
(0°,90°)
Density, p lb¢/in® .08 .05 0.05 0.098 0.282
Modulus of Elasticity, E | Mpsi 3.6 10.5 20.8 10.4 30.0
Modulus of Rigidity, G Mpsi 0.6 0.7 0.7 3.9 11.5
Poisson's Ratio, v - 0.2 .01 0.2 0.333 0.292

Because of the higher modulus of elasticity and lower density for céildsnit is the preferred
composite material. However, carbon fiber is much more expensive than fiberglass

Composites like carbon fiber are strong in tension, but in compressiofipehe are prone to
failure. Because of this, it is crucial to orient the fibersueh a way that they take mostly a
tensile load. Often times, fibers are oriented in a 0°/90° rpatteorder to withstand varying
loads. Furthermore, rotating the fibers to a £+45° pattern increases torsifbmesst Most carbon
suppliers offer the material in a uni-directional sheet, or iB800°sheets known as cloth. Carbon
cloth also has its own varieties, with common variants being sthvadeave, twill, and satin
patterns. The differences are showrfigure 15: Standard Twill and Satin weave carbon fiber
cloth..
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Standard Weave Twill Satin

Figure 15: Standard Twill and Satin weave carbon fer cloth.®”

Standard weave is the cheapest cloth, followed by twill and them $avill offers the greatest
flexibility, making it easier to drape over 3D surfaces. Satgeiserally thicker and provides a
visually appealing surface finish since all fibers are orientébdarsame direction on the visible
layer.

2.5.1 Composite Resins

In cloth form, carbon fiber is very flexible and prone to losing shBp&adding in a plastic resin

matrix, the cloth is able to retain its shape. Resins come ange hariety of mixtures and
properties. Some resins cure at room temperature, while otherseréging heated to high
temperatures in order to cure. Also, different resins have differerk times and dry times. It is
crucial to find the resin compound that works best for our applicatioati®\af 50/50 carbon to

resin is typical. Adding additional resin will increase the weigid decrease the material’'s
strength-to-weight ratio. The process of adding resin to a dry cloth is known as a wet layup.

Some cloth comes pre-impregnated with resin. These cloths are knamarbas fiber prepreg.
Because the resin is already impregnated in the cloth, it neddskept frozen to prevent the
resin from setting. Prepreg is preferred over wet layup becauseathen/resin ratio is
optimized and the resin is evenly distributed. Prepreg comes in most standard wieans, {batt
often costs twice the amount as dry cloth. Wet layup techniques prowesgonsich more
money, but are messier to work with and are more difficult to achieve optimal t&sén ra

2.5.2 Composite Construction

Carbon fiber parts are difficult to produce in comparison to maé@alsause metals have uniform
properties, they can be machined easily. Carbon fiber's strength isdéepeon the fibers. If
fibers are cut, then it creates a weakness in the part. Hkesmt impossible to create a solid
block of carbon fiber and machine it down to the given dimensions. On tibyispthe plastic
resin that is required to harden the carbon cloth is very hard. This makes ittdifficwdchine or
even drill unless carbide tips are used.
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A common way of constructing carbon fiber parts is to use molds arlldayoth over or into a
mold. Molds typically are created using fiberglass material and singobut the surface with
Duratec, a polyester surface primer. Foam can also be useelate er male plug in which the
cloth can be wrapped around. The foam can be left inside the carboretsanthe compression
strength and to eliminate the difficult process of removing the foam. Figure 16 shoxesrgries
of a female composite mold and the resulting carbon fiber part. Malislso be waxed to aid
in the removal of the carbon fiber part after curing.

In order to keep the cloth in the shape of the mold, a vacuum is appl@drbunding the part
in a vacuum bag. Because the bag sticks to the resin impregnatedadlelbase agent or film
must be placed between the vacuum bag and the cloth. To prevent tfrerbagpaling and
creating uneven pressure distribution, a breather cloth is also aalttesing the vacuum
pressure to remain constant across the entire surface of th&tparbreather cloth also doubles
as an absorber cloth for any excess resin.

Figure 16: Female Composite Mold and Resulting Carn Fiber Part®”

The vacuum must be maintained until the resin cures. For partadhdtto be baked in an
autoclave, it is necessary to check that all parts enteringutioelave are able to withstand the
high temperatures.

2.6 Design Tools

A number of design tools are available to Central Coast Compositéee ddal Poly campus.
These various programs will prove useful in simulating the loading comslitfor the
Supermileage vehicles, ultimately leading to an optimized design. ®ofsewill include Finite
Element Analysis software (FEA), namely Abaqus 6.7-3 and Pro-Emdiased Pro-Mechanica
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Wildfire 4, as well as the solid modeling programs Pro-Engineer Wildfirel4&Salidworks 2009
SP4.0.

3 PROJECT OBJECTIVES

The major objectives of this project have been broken into thregateparts. Each objective
will be given individual consideration in this section, as each haswvits requirements,

deadlines, and goals. The three portions are therefore treatedseahvidual sub-projects of
the overall Senior Project Goal.

For each sub-project, customer needs were determined through diahothevitustomer, Cal
Poly Supermileage. These needs were than analyzed using a QualdijoRr Deployment
matrix (QFD) to determine the relevant and necessary enginegrauifications required to
meet those needs (s@ppendix B). This was accomplished by analyzing the customer needs
and using engineering judgment to propose a list of specifications taheesteds. Each need
was then weighted based on its relative importance to the swédbssfinal product. Needs that
were absolutely necessary were given higher weighting than thosevéhatless, or not
necessary for success. After weighting, each need was compareth &peaification and given
a correlation factor. For instance, if the customer need igjdwkight product and the
specification is cost, the need and specification are given a mextitnelation because it is
expected that a decrease in weight is correlated to an secirea@ost. Finally the weight factor
for each need was distributed to each correlation factor tondethow well each need was
being met by the chosen specifications. The QFD matrix ensurealltbathe needs that must
be met have a measurable specification that can be tested against in {hr@dunet.

We plan to design, manufacture and install a seat in the Urbaoe@t Vehicle. The planned
terminus of the seat project is the end of Fall quarter of 2009. e afriting of this report the
seat has been designed and manufactured. Currently the seat needs iagrmac#et to be
fabricated before it can be installed. The bracket will bedated and the seat installed prior to
the car going to the Shell Eco-marathon in late March. Furtheplameto design, manufacture,
and test four wheels for the Urban Concept Vehicle. The plannedhtesraf the UCV wheel
project is before the 2010 Shell Eco-marathon competition whichtlse last week of March,
2010. Finally we plan to begin the design of the Prototype Vehicle wheels saiccessful
completion of the UCV wheels. Manufacture of PV wheels will ggformed on a time
permitting basis.

3.1 Urban Concept Seat Specifications

Our objective with the urban concept seat is to design, fabricatanatall a seat in the
developing Cal Poly Urban Concept Vehicle such that the needs amdsdeksihe Cal Poly
Supermileage Team are met to the team’s satisfaction. Vilken tn the context of the overall
project, the objective of the seat portion is to garner as muchgatdaowledge of the process
of designing and fabricating with composites as possible. It is our itterdge this experience
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and knowledge to assist in the design and fabrication of the Prototypeswagetell as the
design of the Urban Concept Wheels, time permitting.

Based on input from the Supermileage team, a set of customer weeelsdetermined.
Enumerated in Table 3, the customer needs have been assessed G3iiy matrix (see
Appendix B) which translates these needs into measurable engineeringcgiegif or targets.
Table 3 also presents the assessed risk of not successfully mgheaeh engineering target. It
also shows our planned method of approach in certifying that our findugr has met our
specifications. At this time the assessed risk is defined thdrisk perceived by the team based

on a Gantt chart of completion deadlines.

Table 3: Urban Concept Seat specification requiremd and assessment.

Item Specificatiol Engineering | Target Assessel Certification
Number Target Tolerance Risk approach
1 Weigh 7.5 Ib¢ + 0.5 Ibs Mediunr T
2 Dimensior See cabit N/A Low N/A
dimensions
3 Cos ~ $35( + $5C Low I
4 Seatbel Two upper N/A Low I,T
compatibility slots, room for
crotch strap
5 Frame See cabit N/A Low [,T
compatibility dimensions
6 Weight capacit | 150 to 200 Ib + 25 lbs Low T
7 Comfort Subjective N/A Mediurr I
8 Manufacturability N/A N/A Mediunr I
9 Adjustable rang 4 inche: 2 inch Mediunr T
increments

Assesed risk is the risk level that exists for hetag that particular goal. High risk is for a sifieation that will be
hard to reach. Medium risk will be feasible toaleaLow risk is easy to reach. Non-applicabl&ig.”

Certification approaches include for analysis,T for test,S to similarity, andl for inspection. Non-applicable is
“nfa.”

3.2 Urban Concept Vehicle Wheel Specifications

Our objective with the Urban Concept Vehicle Wheels is to design¢céadifour wheels for the
developing Cal Poly Urban Concept Vehicle such that the needs amesdesihe Cal Poly
Supermileage Team are met to the team’s satisfaction. Netogenent of the UCV wheels
constitutes the bulk of the senior project.

Like the UCV seat a set of customer needs were deténed based on input from the Supermilage team. BEumerated in
Table 4, the customer needs have been assessedsifQFD matrix (see Appendix B) which translates tbse needs into

measurable engineering specifications or targets.

Table 4 also presents the assessed risk of not successfully agheaech engineering target. It
further shows our planned method of approach in certifying that our final prodsanet our



specifications. At this time the assessed risk is defined todrisk perceived by the team based

on a Gantt chart of completion deadlines.

Table 4: Urban Concept Vehicle Wheel Specificationeguirement and assessment.
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Item Specificatiol Engineerinc | Target Assessel Certification

Number Target Tolerance Risk approach

1 Tire Pressut 50 ps Max Low AT

2 Weigh 3 Ibs/whee +0.5 Medium AT

Ibs/wheel

3 Tire 95/80R 1t N/A Mediunr T,
Compatibility

4 Frame 100mm hutk +immr Low T,
Compatibility spacing

5 Lateral Forc Undetermine FOS: : High AT

6 Axial Force Undetermine FOS: - Mediurr AT

7 Rotor 180mm +1lmmr Low I
Compatibility Diameter

8 Concentricwith N/A N/A Mediurr T,
Axle

9 Cos Undetermine N/A Mediurr I

Assesed risk is the risk level that exists for hetag that particular goal. High risk is for a sifieation that will be
hard to reach. Medium risk will be feasible toaleaLow risk is easy to reach. Non-applicabl&ig.”

Certification approaches include for analysis,T for test,S to similarity, andl for inspection. Non-applicable is
“N/A.”

3.3 Prototype Vehicle Wheel Specifications

Our objective with the Prototype wheels is to design and, time pgnithanufacture and test
three wheels (two front and one rear) for the Cal Poly Supergaléeam’s Prototype Vehicle
such that the needs and desires of the Cal Poly Supermileage areamet to the team’s
satisfaction. This includes benchmarking of the current wheels ¢onaiee engineering targets
for aerodynamic drag, weight, and stiffness. Existing data from Zipp léveBkews how wind
angles affect the drag force on four different types of wheels showigure 17. This data will
be used in lieu of performing wind tunnel tests to decide the most ajgpeogesign for the
Prototype Vehicle.



As with the Urban Concept Seatd wheels,

Drag at 30mph vs. 20mph
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Figure 17: Zipp Wheels wind angle and drag force on wheel®
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Tabledetails the engineering specificaticfor

the Prototype Vehicle Wheets detrmined using a QFD matrix (ségpendix B). Again the
assessed risk and certification approach are ddtaiorder to outline our proposal - final
product approach and emsure completion of hirrisk items.

Table 5:Prototype Wheels engineering requirement and assessnt.

Item | Specificatiol Engineering Target Assesse(| Certification

# Target Tolerance | Risk approach

1 Tire pressur 100 ps 5 ps Low T

2 Weighi 700 g/whee +5% High AT

3 Tire compatibility 16" tire +0.C5in Low I
diameter

4 Frame compatibility 100 mm hu +0.05 mm Low AT

5 Lateral forci Undetermine FOS: : High AT

6 Axial force Undetermine FOS: @ Mediumr AT

7 Drum compatibility 70 mm drur +0.05 mn Low I

8 Axle compatibility 28mm +0.01mn Low I

9 Drag force Undetermine FOS: . Medium S

10 Cos Undetermine N/A Medium I

11 Valve accessib N/A N/A Low I

Assesed risk is the risk level that exists for reachihgt particular goal. High risk is for a specitica that will be
hard to reachMedium risk will be feasible to reach. Low riskdasy to reach. Nw~applicable is “n/a.
Certification approaches include for analysis,T for test,S to similarity, andl for inspection. No-applicable is

“nfa.”
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4 METHOD OF APROACH

The method of approach to design and build the composite wheels and separated into
three portions. These portions are the seat, the urban concegi$ vamel the prototype wheels.
For each of those, there will be design, analysis, building, and testing.

The design and building of the seat will act as a training mechdarsdesigning and building
the composite wheels. First, the seat will be designed. Idddsevgathered from existing seat
designs, including current and past composite sit ski seats. Ontgp¢hef seat is chosen,
analysis will be done to determine the dimensions of the seat. These dimensimtesrmaterial
thickness, composite weave direction, type of cloth to use, shape, andt.us@nte these
dimensions are derived, a 3D model will be made to show what thevifdaok like. From the
3D model, the seat will be made. This will be done using one of #my existing composite
layup techniques. The technique will be chosen based on the shapsedith©nce the seat is
built, it will be installed in the Urban Concept Vehicle to ahéor fit. If the seat meets the
design requirements, it will be finished. This is also where amstdents will be made to suit
the drivers.

The urban concept wheels will follow a similar method of approacthe seat, but with more
analysis. First, existing designs will be examined. These incluttercalisk wheels, carbon
hoop/traditional spoke wheels, carbon spoke wheels, carbon automobile wheetsrizoml

motorcycle wheels. Based on existing data, one of these desigrisewashosen. Once the
design is chosen, a 3D model will be made. Along with existing wheetiaemics data,

dynamic and static analysis will be done, as well as any additiomalye@mics testing, to make
sure the design is structurally sound. Once the design mdats faiteria, the wheels will be
built. The build will consist of laying the carbon fiber using a predetexd technique,

installing the hubs and brakes, and installing the tire. Next, the svindeébe installed on the
Urban Concept vehicle to be checked for fit and function. Any negeadarstments will be

made until the wheels meet the design requirements.

The Prototype Vehicle wheels will be designed and built based on ramdaime after
completing the seat and Urban Concept wheels. The design will start with choos$iagl aywe
based on existing wheel designs. These include carbon disk wheels, badpsmaditional
spoke wheels, and carbon spoke wheels. Existing data will helpeiordet the optimal wheel
design. Once a design is chosen, a 3D model will be made to deteand show dimensions of
the wheels. Based on the design, any necessary analysis will beoddetermine material
thickness, weave direction, cross sectional areas and shapes, areb mbfurfaces on the
wheel. The analysis will focus on static and dynamic loading armtyasamics. After the
analysis is done, changes to the design will be made so that the desptimized. If there is
enough time available, the Prototype wheels will be constructed for the team.
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5 CONCEPT GENERATION

For the most part, the three projects undertaken are not new teeemngg design. There are
established methods for designing, analyzing and building both seats and ®b#ekseats and
wheels have been successfully constructed out of numerous maieradispst limitless shapes
and sizes and for varying applications. For this reason the goal was not to “reinvent thewhee
the seat for that matter, but instead to choose an effectide eatablished design and
manufacturing process and optimize them to the application.

Driving all of our concepts was a need to create lightweight pted@mne of the main factors
affecting fuel economy is the amount of weight that must be moved arBondhis reason
many materials and process were not considered even in initial cayerggriation. However,
even given that the goal was to model an established product and pinitedsconcept
generation was left somewhat open to unconventional materials, methddiesigns through
the use of morphological attribute lists.

Morphological attribute lists are designed to yield all of the ptesslesign concepts attainable
given lists of usable parameters for various attributes of thdupt to be designed. In this way
the list yields possibilities which are normally outside of tlanneof ideas typically considered.
The hope is that an “out of the box” solution will present itself anéd lbetter solution than
existing ideas and products. For example, the attributes of a wioeddl be material, size,
manufacturing process, and configuration. Each attribute would have af st possible
parameters that could reasonably be associated with the attributtheFexample above, the
material list might include such entries as wood, aluminum, carben fieramic and so on. The
parameters in the list need not be typically associated with tka groduct being designed but
only reasonable possibilities. The lists of attributes are @laade by side and then random
connections are created across the lists by drawing lines cimgneatious entries in each list.
Each line represents a concept possibility that must be consideredtt®s how outlandish it
may initially seem. For a graphical example of this proceségpendix D.

Morphological attribute lists were used to generate seat and ateetpts. Each concept was
then evaluated against the design specifications. The top six cofaregash project, UCV seat
and wheels and PV wheels were then selected for further consideration anut setesgion.

6 DESIGN PROCESS AND CONCEPT SELECTION

From the morphological attributes list six concepts were choseeafdn project. These six
concepts were then evaluated against one another with respeet design specifications in
order to determine the top three concepts. This was accomplished tdemigjon matrices. The
decision matrix weighs each concepts performance against eadin dgsecification.
Additionally the specifications are weighted based on their relagomssity for a successful
product. The weight factors for the specifications must add up to omeing that the
engineer take a serious look at what is most important and what is least imporognér words
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all of the weights cannot have the same value thus giving eaclicgiem equal importance.
Furthermore, for each project a benchmark product was selected@ndamcept was evaluated
with respect to each specification based on how it compared to thientemic If the concept
exceeded the benchmark for a given specification it was given @ pibist fell short of the
benchmark it received a minus(-) and if it was similar to tmet@ark it received an evaluation
of similar(s). In tabulating the total for each entry a plus¢tgiven a value of +1, a minus(-) a
value of -1 and an s a value of zero(0). These values were mdltgylithe weighted value for
the specifications they related to and the columns for each concepttetaled. The three
concepts with the highest scores for each project were selemteturther analysis and
consideration. Decision Matrices for the Urban Concept Vehicle seat ¢aartekin Table 6, for
the Urban Concept wheels Table 7, and Table 8 for the Prototype Vehicle wheels.

Table 6: Decision Matrix for Urban Concept Vehicleseat concepts.

Single | Frame Single .

e Weight e rail w/ w/ Piece Single

Specification Car . Saddle | Suspended Piece
Factor S dual fabric Lower
eat Ergo
Pan | support Pan

Weight 0.3 0 + + + s + +
Size 0.1 0 S - - + +
Cost 0.15 0 + + + + + +
Seatbelt
Compatibility 0.05 g s s i i i S
Frame
Compatibility e g s s S i s S
Welght_ 0.075 0 S S - - S S
Capacity
Comfort 0.1 0 - + - S - -
Adjustability | 0.15 0 - - - - - -
TOTAL 1 0 2 4 -.025 -.45 .25 .3




Table 7: Decision Matrix for Urban Concepet Vehiclewheels.
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Bicvele Carbon | Carbon 5-spoke Plastic
e Weight y Full Hoop | Reinforced| Carbon o
Specification Spoked . . Injection
Factor Disc | w/metal Plastic | Motorcycle
Wheel Molded
center Wheel Style wheel
Weight 0.3 S + S - + -
Tire
Compatibility| 0 ' S S s s S
Frame
Compatibility] 907° | S s s S S i
Drag Force 0.1 S + S - S -
Cost (vs
purchasing 0.2 + + + + + +
Custom)
Manufactur- 1 5 s s : : : s
ability
Valve
- +
Accessibility Hoe s s s s s
TOTAL 1 225 .6 0 -4 3 -.275
Table 8: Decision Matrix for Prototype Vehicle whekconcepts.
_ Carbon Carbon STD w/
Specification Weight [ Current | Aero Fgll Hoop/Hub | Hoop/Hub Carbon | PIM
Factor | Wheels'| Spoke | Disc w/ st. w/ Carbon
Hoops
spokes Spokes

Weight 0.3 0 + + + S -
Tire
Compatibility 0.05 . S S s s S
Frame
Compatibility| ©07° | @ S S s s )
Drag Force 0.1 0 + S S S -
Cost (vs
purchasing 0.2 n/a 4 4 + + 4
Custom)
Manufactur- |- 5 n/a 0 + 0 + 0
ability
Valve
Accessibility U E i s s s s
TOTAL 1 0 475 | 525 7 575 4 -.275

As can be seen from the decision matrices, the top PV whestmtsrfor further consideration

are a full carbon disc design, a carbon fiber hoop and hub with steekspoklea carbon fiber
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hoop and hub with carbon fiber spokes. These designs are similar to thasedpic Figure 12
and Figure 13. Similarly, the top UCV seat concepts for further coasiole are a single piece
ergonomic half profile design, a single piece ergonomic full profile seat, anidoadiile framed
seat utilizing fabric support for bottom and back panels. Sketondésese concepts can be seen
in Figure 18, Figure 19 and Figure 20.

Figure 18: UCV single piece half profile seat conpé.

Figure 19: UCV single piece full profile seat congs.
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Figure 20: UCV full profile framed seat utilizing fabric support for bottom and back panels.

7 DESIGN DEVELOPMENT

7.1 Meeting Design Targets

One of the biggest concerns in the execution of these projects ihehttished products be
lightweight. Producing a seat and wheels having all of the requiredidoaltty, while
maintaining a specified design weight, is therefore a top goal. Otreds ghclude creating
products that perform as desired and, perhaps most important toolgaSipermileage, are
completed prior to competition. Individually the projects each have demgrals which need to
be met in order for the finished products to be successful.

The three goals driving the overall scope of these projects are waaghtand completion date.
The weight goals will be accomplished through appropriate materdd¢stion. The seat,
currently under construction, is the single piece full profile carlloer fversion created by
wrapping a thin lightweight foam core in several layers of carbon fiber. The whiéelgnilarly
be constructed out of light weight materials, namely carbon fiberauminum. To meet
completion deadlines, all necessary project tasks have been outlinedgant chart (see
Appendix C) to insure the project is well organized and on schedule. Furthermore,
manufacturability has been chosen as an important parameter itingebgapropriate design
concepts. Concepts involving difficult and time consuming construction weeeledl out to
prevent the projects from running past their completion deadlinesly-aust goals are being
met by attempting to procure as much material as possible thrpoghos donation. To ensure
that the final products have met these goals they will be weighédompared with current or
expected product weights and the cost and completion date will be inspected.

Individually each project has goals necessary for its succesgioblewith the seat are to create
something which is comfortable and aesthetically pleasing while bigiiigenough to provide
support to the driver and accommodating a five point safety harnessoifihert and aesthetics
goals will be accomplished by hand shaping the mold for the seat utitilezan member can sit
comfortably in it and deems it to look “cool.” The free form desigth woft flowing curves
lends an organic and graceful appearance to the overall design. Rigidiig accomplished by
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using a carbon fiber wrapped foam core. Calculations have been petfrmestimate forces on
the seat and the required layers of carbon fiber to withstand filvess (see Analysis Results
section andAppendix E) and accommodation for the safety harness will be accomplislyed
cutting reliefs in the seat for the straps to pass through. Tti¢est for comfort and aesthetics
will be the opinion of Cal Poly Supermileage, and rigidity and harnesgatdniity will be
tested via an installation test.

Individual goals relating to the wheel projects include frame cobipigti tire compatibility and
lateral and axial stiffness. Frame and tire compatibility laél met by designing the wheels in
and solid modeling program, assembling them to their frame and tireoce@ms and running an
interference check. Testing for compatibility will be accomplishg installing the tires to the
wheels and then the wheels to the frame assembly. In ordeacto séffness goals, calculations
will be performed to estimate maximum loads (see Analysis BeSattion) and FEA software
will be utilized to check theoretical deflections. Testing to insliag stiffness requirements have
been met will consist of installing the wheels and tires and driviagrehicles under expected
operating conditions.

8 FINAL DESIGN DESCRIPTION

8.1 Detailed Design Description

8.1.1 Urban Concept Vehicle Seat

The Urban Concept Vehicle seat is a carbon fiber wrapped higgitglddoam-core design. Its
design was shear-form so a solid model does not exist. Its shapepsaduct of team members
subjective opinions of comfort and visual aesthetics as well as ¢ggomequirements as
detailed by the Supermileage Team, see Figure 21. Pictures of thietmmhseat are detailed in
Figure 22 . Further ABAQUS models for the seat can be found in section 8.2.1.

—1 00

4600

112°

— 1500 *‘ 20.00 }*

Figure 21: UCV required seat geometry.
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Figure 22: UCV completed seat.

8.1.2 Urban Concept Vehicle Wheels

The Urban Concept Vehicle wheels will be a single-sided full cisbon fiber design utilizing a
separate central hub made of aluminum. The Carbon fiber portion viaditesl to the hub using
six 1/4” button-head cap-screws. Further six aluminum inserts wiidneled into the carbon
fiber portion of the wheel to prevent the screws from crushing orimgathe carbon fiber. Part
and assembly level drawings for the wheels can be fouAgpendix Q.

8.1.3 Prototype Vehicle Wheels

Initial design for the Prototype Vehicle wheels is in progress andawk at this time. It is most
likely that the design for the Prototype Vehicle wheels wilb¥olihe top choices as decided by
the decision matrix as detailed in section 6, Tabdé @is report.

8.2 Analysis Results

8.2.1 Urban Concept Vehicle Seat Load Analysis

The first analysis (se&ppendix E), a preliminary step to the FEA model, is an estimation of the
expected loads the seat will experience during heavy use. Thesatiahsulalso include a
preliminary estimation of the number of composite cloth layers ndedgse sufficient strength

to safely withstand these loading conditions. These calculations wete@si| starting point but
were not used for the final design. For an accurate model, seeEthedfculations section
below, section 8.2.2.
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8.2.2 Urban Concept Vehicle Seat Mechanical Analysis

To create an accurate model of the seat, ABAQUS, a Findedtit Analysis(FEA), program
implemented. The model was constructed by creating the back sidesefathé¢he sides of the

seat and the bottom brackets (see Figure 23). Each one of thissegrarcreated as a shell. The
back piece and the sides of the seat were then assigned sectiotiggabdwo layers of cloth
thickness 0.01 inch then a layer of foam 1 inch then another two layetstiof The bottom
brackets were assigned a cross section of three layers obalotto foam. The seat was then
fixed using the holes cut out of the bottom bracket. A load of 250 Ibs was then distributive across
the back side of the seat. This can be seen in the picture below.

Figure 23: ABAQUS seat model

After assigning section properties and creating an assembly of tisethpey were meshed and
then submitted for analysis. The results can be seen below in Figure 24.

S, Max, Principal

SMEG, (fraction = -1.0), Layer = 1

(Awa: 75%)
+2.358e404
+2.161le+04
+1.965e404
+1.768e+04
+1.572e404
+1.375e+04
+1.17%e+04
+9.824e+03
+7.85% 403
+5.894e403
+3.930e+03
+1.965e403
+0.000e400

Figure 24: ABAQUS model showing maximum principal gains.
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The greatest stress that the seat will experience willeze the bottom brackets are bonded to
the back side of the seat. Even then the model shows very minimattoefl and stress

compared to the allowable sigma of 90 ksi. This gives a safety faotor el = 3.8,

23.5 ksi

8.2.3 Urban Concept Vehicle Wheel Load Analysis

Dynamic Cornering Loads:

The following calculations help in determining the maximum cornering Idexdgehicle will see
during competition. Dynamic cornering loads in the Urban Concept Methiter from the loads
seen on the Prototype Vehicle since the Urban Concept is a foetedheehicle. A few
assumptions must be made in determining these loads because the igehmt completely
designed and the track geometry is still not confirmed by thek tofficials. Also, track
conditions are still unknown, such as weather conditions, surface rougtfniees track, and
whether surfaces change at different portions of the track. Mdbiese will remain unknown
until competition.

Assumptions:

40 in Front Track Width
32 in Rear Track Width
60 in Wheelbase

350 Ib car with driver (40/60 weight distribution)

15 in CG height , 1 V=25 meh
No suspension p ’ —~
us = 1.0 for tires on asphalt s R=3ft

33 ft cornering radius
25 mph max cornering speed
Tires do not slide

a, = —
Toor

a, =

25792\ /5280 f1y? 1/
33ft *( 1mi ) " {3600 sec

ft

a = 407415

Based on these conditions, the total lateral forces on the car are as:follows

F, = ma,
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350 Ib ft
F = Ak (40.741 —2)
322/ §

F, = 442.837 b

This lateral force equates to 1.26 lateral G’s. If we asshatetlie dynamic loading on the tires
will always total 350 Ib of normal force, then the theoretical grip limit bell

Fr = Nug = 350 1b * 1.0 = 350 b

However, during cornering, the dynamic loading is based upon theaiitewidth, wheel base,
weight distribution, CG height, lateral G’s, and stiffness of theclke These calculations can be
lengthy, but fortunately, an excel program callegtimum Gis able to calculate dynamic
loading. The user needs only to input the variables mentioned above dothgeldynamic
cornering loads. The program allows the addition of suspension spteg but those values
were set to 8000 Ib/in to simulate a rigid frame.

Using the Optimum Gprogram, the dynamic cornering loads of the Urban Concept vehicle
during a 1.26 G turn are shown in Table 9 below.

Table 9: Dynamic Corner weights for a 1.26G turn.

Dynamic Corner Weigh
(Ib)
-5.4 145.4
-7.4 217.4

The quadrants correspond to each corner of the vehicle during reameftiurn. The top-left
guadrant is the front-left tire. Based on these numbers, we sdbdHaft side of the vehicle is
actually off the ground. This is because the program is also assthminipe vehicle is able to
maintain grip and not slide during the cornering. When this casespdber program is only
useful in determining that not all 4 wheels of the vehicle areomtact with the ground. All
dynamic loading numbers are no longer accurate.

Since the coefficient of static friction is assumed topgel.0, then the total lateral load
supported by these tires is the summation of the dynamic caynkrads. The maximum
cornering loads seen by the vehicle would be when the totallddad due to cornering is equal
to the total lateral load supported by the tires. Ushpdimum Gand excel, this value was
determined to be 1.0 G. Beyond this, the tires will begin to slidenB@il.0 G turn, the loads
are shown in Table 10 below.
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Table 10: Dynamic Corner Weights for a 1.0G turn.

Dynamic Corner Weigh
(Ib)
10.1 129.9
15.8 194.2

Fortunately, all wheels are still in contact with the ground andanzmemum vertical and lateral
load seen by the vehicle’s wheels will be 194.2 Ib. The dynamieedag loads depend largely
upon the CG height. With a lower CG height, the vehicle remainsstall cornering loads are
distributed more evenly from right to left. With a higher CGghgi the vehicle begins to tip
before the wheels slide. According to tBptimum Gcalculations, with a 1.0 G turn, the vehicle
will tip with a CG height of greater than 16.9 in. If the CGghe exceeds this value, then the
loading conditions will change and the vehicle will be more sudsdeptp tipping. Although
these conditions are unlikely, they must be considered as plausible during desegwioéis.

Loading Conditions

The vehicle during cornering has four types of loading that nedxsk taddressed during the
design phase of the wheels. Figure 25 illustrates the different loading oonaditi

L —

-

-

Bending Normal Torsional Impact
Figure 25: Loading conditions for the Urban ConceptVehicle
Axial and Bending Loads

Lateral force generated during cornering at the tire copttch is transferred to the axles. If the
hub and the portion that connects the hub to the hoop (whether it ends um heihdisk or
spokes) are not rigid enough, the hub could separate from the hoop. Anynistdsso be able
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to withstand the axial loading. Also, the hub must be strong enough to stimoompressive
load of the lug nuts during mounting.

The lateral forces also create a moment about the hub. This moarerttause the hoop to
deform during high cornering loads. Because the hoop will be sigmtifydhicker than the other
portions of the wheel, it will provide the majority of the bending suppd. hoop must be rigid
enough to withstand any bending forces. The maximum bending foerpial to the maximum
cornering load; 194.2 {lfassumingis = 1.0 for tires on asphalt).

Normal Loads

During rest as well as during rotation, the normal forces adiirggto the corner weights cause
the upper disk/spokes of the wheel to be in tension, while the Idiskispokes will be in
compression. Composite fibers must be orientated such that the |dadse wiarried most
efficiently. Normal loads can also cause deformation and buckMisgstated above, the
maximum normal load is 231.1;lb

Torsional Loads

Fibers must also be able to withstand the torsional loads appliedy cheavy breaking and
acceleration. The worst loading conditions would be just when the bi@kesluring a high-
speed turn. Weight redistributes toward a front corner of the carpaad to sliding, the
frictional force is a maximum. For the Urban Concept vehicleetiggne produces only around
2 ft-Ib; of torque. With a 12:1 gear ratio, the wheels see a maximum af aldt-Iky of torque.

If the front wheels lock during braking and cornering, the followinglmaunsed to calculate the
torque generated.

Assumptions: Same as dynamic cornering loads
Conditions: 1.0 G braking and 1.0 G cornering

Optimum G was used again to calculate the combined braking and cornering loads.

Table 11: Dynamic Corner Weights for 1.0 G of Brakng and 1.0 G of Cornering

Dynamic Corner Weigh
(Ib)
82.4 125.1
34.1 68.37

11in* ft

Ty = Fy +7 = (125.14 lbf) * ( o

W /ere T, = Braking Torque, F, = Braking Force,and r = radius
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Since the torque generated by the motor is so small, the aticeldomds are less than 1/4f
the braking loads.

Impact Loads

In ideal circumstances, track conditions are smooth. Many ragtes tnaaintain their asphalt well
to eliminate any potholes or irregularities in surface. Howeudran environments are less
controlled and potholes and surface irregularities are common. luthw@bile industry, it is
commonly assumed that impact force is 3 G’s. This is much higlaer any of the dynamic
loads of the vehicle and thus should be the primary concern when dediymiwgeels. Lateral
impacts are uncommon but not impossible. The vehicle could slide duturg and the wheels
could hit a bump or pothole, resulting in lateral impact loads. Maximum impactdoaltsbe as
high as 582.6 Kusing this assumption.

8.2.3 Urban Concept Vehicle Wheel Mechanical Analysis

An FEA model was created of the proposed wheel design, to help usumetezstand how the
wheels of the urban concept vehicle will behave under working loads. tRedrmodel, we can
get an approximation of the number of layers of carbon cloth needed to sumpdoading
conditions. The wheel model was built using three different pares fif$t part modeled is a
revolved shell profile of the rim seen in Figure 26. Next smalt ssibds were created that
would be bonded to the bolt holes cut out on the rim Figure 26. For thepdiriad shell disk
was created that would be attached to the back of the rim to give added stainiliey Z8.

revolved shell profile rim shell disk studs

Figure 26: ABAQUS model components.

Next, three materials were created. These are the cavbgosite cloth, aluminum, and a
foam core material. Each part was then assigned a matecdi@bn. The studs were assigned
aluminum. The shell disk was assigned a quarter of an inch of thectwahmaterial and five
layers of the carbon composite cloth on top of it. The central rimagaigned 10 layers of the
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carbon composite cloth. After the materials were created atidreebad been assigned, the rim
assembly could be created. The disk was tied to the back of thial @ent and the aluminum
studs were then tied into the bolt holes. Once the final assenalslylene, the model needed to
be fixed and then loaded. This can be seen in Figure 27.

Figure 27: ABAQUS model load placement.

To accurately represent how the wheel would behave, the rim vk dixthe six locations of
the bolt holes studs. A pressure load of 50 psi was placed uniformly thieown. A normal

force of 87.5 Ibs was applied at the base of the rim, as wellaseral force of 220lbs. After
applying the load conditions, the part was meshed and the simulation waShemesults can
be seen below in Figure 28.

5, Max, Principal

8.181e+02

Figure 28: ABAQUS model max principal stress undepredicted loading conditions.

The final stress seen in the whole part was 31 ksi. This gives us an allowablessabetyfi3.
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8.2.4 Prototype Vehicle Wheels Analysis

Preliminary load analysis for Prototype Vehicle wheels has been pegtband can be found in
Appendix S.

8.3 Cost Analysis

8.3.1 Urban Concept Vehicle Seat

For the Urban Concept seat, the material cost was approxingt60.00. These materials
included enough 3k 5.8 oz 2x2 twill carbon fiber cloth to cover the seat ctirévayers of
cloth. There was also leftover cloth of which the quantity has yeetdetermined. For a
breakdown of individual costs see the bill of materials in Table 12.

Table 12: UCV seat B.O.M.

Line | Item Qty | Cost (for | Part# Supplier
Item needed
quantity)
1 Foam 1 $0.00 N/A Cal Poly
Supermileage
2 50 in 3k 5.8 0z 2x2 twill carbon fiber 10 | $315.00 | FG- US Composites
cloth yd CFT5750
3 Medium Cure Epoxy Resin & Hardener 1 $61.00 EPOX- US Composites
gal 635314
4 Vacuum Bag 3 $12.00 VB- US Composites
yd VF02110
5 Peel Ply 3 $15.00 VB- US Composites
yd PEF1548
Sealant Tape (25 ft roll) 1 $7.00 VB-BT25 US Composites
Breather Cloth 3 $12.00 VB- US Composites
yd BLEO60
Shipping (estimated) 1 $20.00 N/A US Composites

8.3.2 Urban Concept Vehicle Wheels

For the Urban Concept Wheels, if 3k 284 5.8 0z 2x2 twill carbon fiber datkead, the cost will
be $590.00 for the cloth alone. The calculations for this can be sé@pémdix L. Since the

wheels are relatively small compared to the widths of cloth avail the smallest width of 50
inches is the best to use because it is less expensive tharcleitter Also, by calculating the
amount of resin needed, we found that we do not need to purchase any nmoog hesdener

due to the amount that is leftover from construction of the sela¢. c@lculations for resin and
hardener volumes can also be seefppendix L.
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Besides the carbon fiber, there are other materials needed. nslunblocks are needed to
machine wheel hubs out of. Along with the blocks, bolts are neededcath &tie hubs to the
wheels. These bolts are stainless steel 1/4 -20 x 1 ¥ boks, rhaterial for making molds is
needed. This material is primarily high temperature casting.realso, a motorcycle rim is

needed to use it for making the mold.

There is a possibility that cost for 3k 5.8 0z 2x2 twill carbon fibethalvill be eliminated. If we
are able to use and obtain uni ply carbon fiber, the cost will behgmesluced due to a
corporation that is willing to donate an amount of pre-preg uni plyisHatger than we would
need. This would bring the cost down to the combined cost of mold makingatsaaexd hubs.
Without needing to purchase carbon fiber, the estimated total cost would be $494.92.

The items, quantities, costs, and total costs for the seat and wheels can be folovd in be

Table 13: UCV Wheels B.O.M.

Line ltem Qty | Cost (for | Part# Supplier
Iltem needed
quantity)
8 50 in 3k 5.8 oz 2x2 twill carbon fiber N/A | $0.00 FG- US Composites
cloth CFT5750
9 1/4" carbide end mill 2 $35.68 88815A44 | McMaster-Carr
10 1/4-20 Stainless Steel Hex Bolts 24 | $10.26 92240A546 | McMaster-Carr
11 Motorcycle Rim 1 $59.99 2000000 J&P Cycles
12 Pre Preg Carbon Fiber Cloth N/A | $0.00 N/A Cal Poly
Supermileage
13 6061-T6 Aluminum Rod 1 inch dia. 2ft | $7.54 N/A Online Metals
14 6061-T6 Aluminum Rod 4 inch dia. 2 ft | $102.45 | N/A Online Metals
15 Vacuum Bag N/A | $0.00 VB- Cal Poly
VF02110 Supermileage
16 Peel Ply 3 $15.00 VB- US Composites
yd PEF1548
17 Sealant Tape (25 ft roll) 1 $7.00 VB-BT25 US Composites
18 Breather Cloth 3 $12.00 VB-BLEO60 | US Composites
yd
19 High-Temp Aluminum Filled Casting 2 $205 EC-433 Adtech Plastic
Series (can substitute for Line Item 18) | gal Systems
Shipping (estimated) 1 $40.00 N/A

8.3.3 Prototype Vehicle Wheels

As it is undetermined at this time whether or not Prototype Vehtobels will be manufactured,
a cost analysis for them has not been performed.
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8.4 Manufacturing Procedure

8.4.1 Urban Concept Vehicle Seat

After considering many possible fabrication processes, we decdsuhstruct the seat by using
a series of steps that enabled completion of the first part gfrojact. We began by creating an
ABAQUS model which carefully incorporated safety designs thasfea minimum safety
requirements which were previously calculated. We also considereddesign limits including
driver size, vehicle size, and competition rules for the vehiden3ure that our seat design met
geometric constraints a template was constructed out of papeteiriptate was used to insure
that the proportions of the seat were in accordance with the ispgoris provided by the
Supermileage team as well as insure that the overall dimensiens proportional an
aesthetically appealing. This template further assisted iimgy#éloe correct shape of the seat into
a block of high density foam which was provided by the Supermileage te&en.trisicing the
template, a rough cut of the foam was made using a carpentx's This was done
incrementally, making progressive rough cuts with the carpentersreawying big pieces of
unwanted foam until we reached a size and shape that was cthegemplate. After achieving
a rough shape, hand tools such as scrapers, sanding block, and planes dvergetseithin a
very close distance of the trace line. The hand tools allowed iigpe she contours of the seat
and achieve an organic and comfortable shape. The foam core was contesiad for relative
comfort by sitting in it and then reshaping problematic areas. Thisgsrecas continued until
every team member could sit in the seat comfortably. Getting toatte line was accomplished
by the use of sand paper. We used a coarse grit of 80 forghpdss over the seat to get exact
contours and a second pass with a finer grit of 150 to get all the rough surfaces arsirextygb
and even.

After finishing the foam core mold the remaining materials neéd@dmplete construction of
the seat were ordered. We waited to order material until etioplof the foam core in order to
get a better estimate of the amount of carbon fiber requiredd&¥ided to use a twill weave
cloth because it drapes better than a plain weave cloth. Alongheittidth we ordered absorber
cloth, resin, release cloth vacuum bag and vacuum bag tape. The wtghsve decided to use
was a perforated plastic type. The perforated plastic createsath shiny finish while allowing
excess resin to be drawn through the perforations. The material tookosgoweek to reach us
during which time we received a quick lesson in the vacuum bagging pressssso bond resin
and fiber to the contours of the seat. Vacuum bagging is used in bothywptdnd pre-preg
applications to insure that the fiber conforms to the shape ofdlte For the seat we decided to
go with a wet-layup because wet cloth drapes better than presmledpas not require the part
to be cured in an auto-clave. This last point was important becauseskg unsure of how our
foam would act at elevated temperatures and did not have theetijuieed to perform proper
testing on the foam. After receiving the material we began guupaprocess by creating a
template of the finished foam core. This was done by draping a pi€cg fitberglass cloth over
the back of the foam core. This template was then transfesréaetcarbon fiber cloth. The
boundaries of the template were traced out and scotch tape was platiee tracing. This is
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necessary to prevent the cloth from fraying and unraveling when it i$loeitape can be left on
indefinitely provided the taped side is placed facing down agalstfdam, however the
inelastic tape prevents the cloth from draping properly. A bettericolig to remove the tape
once the cloth has been wetted with resin. Once the cloth isdwaiteit does not fray and
unravel as readily as dry cloth if care is taken to not disturb the edges.

The next step was to prepare the other materials requiredafmum bagging. A piece of
breather cloth was cut such that it would wrap completely arounet#tessvacuumed bag was
prepared by sealing three sides with vacuum bagging tape. The fourthasidieft open and the
sticky tape was placed along one side of the open edge. The sticky t@pedrapaper cover on
one side similar to a sticker. This paper was left on so thewapkl not prematurely stick to
anything. The bag was prepared in this manner so that the seat couldkbg tyamsferred into
the bag after the cloth was applied. This is important becausesthénas a relatively quick cure
time and having everything ready before hand insures a quick and smootbspiically a
vacuum valve was added to the bag to allow a compressor to pullanvam the bag once the
bag was sealed. It is important to place the valve somewhehe drag) where it is not going to
be in contact with the wet carbon fiber or the result will b@reular imprint on the finished
product resulting from the metal valve base pressing into the atbt éfter these items were
prepared we began the process of vacuum bagging. First we mixesithevith a ratio of three
to one as specified in the resins’ instructions. Note that diffeesin systems require different
ratios so careful reading is required. The cloth was laid on & pieeacuum bag and the resin
was poured over the cloth. A second sheet of vacuum bag was placmgl @nthe cloth and
plastic scrapers were used to spread the resin evenly inttotheand then squeegee the excess
resin out. A second sheet of cloth was draped over the back wofoldeand resin was spread
through the cloth using plastic scrapers. Once the cloth on the baeksg#fahwas evenly wetted
the cloth prepared in the vacuum bag was laid on top of this first |&er cloth was then
covered in the perforated release cloth, then the breather cloth, amdhdlee assembly was
placed into the vacuum bag. The bag was sealed and a compresssedas draw the air out
of the bag. It is important to insure that the vacuum bag does noteviinihy areas containing
carbon fiber as a vacuum is drawn. If the bag wrinkles it efititto draw cloth into the wrinkle
and result in a wrinkled final product. It is also important to insuséthe release cloth does not
fold, pleat or wrinkle as this will have the same result. Thisbmavoided by cutting the release
cloth into thin overlapping strips and placing them carefully so that they do not wrinkle.

Once the vacuum was drawn on the bag, the compressor was alloweddo four hours after
which time it was turned off and the seat was allowed to aurarf additional day inside of the
vacuum bag after which time it was removed and the relgabéraather cloth were removed.
This entire process was repeated for the top portion of the gbabmwe exception. Instead of
placing one layer of cloth directly on the seat for resin infusion, bgdrdavere laid one on top
of the other and placed on the vacuum bag. Resin was then distributedhtdayerts
simultaneously as described above. This worked much better as thevaktmuch easier to
handle and manipulate.
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8.4.2 Urban Concept Vehicle Wheels

Wheel Centers and Inserts

The wheel centers and inserts are to be machined out of 6061-TidwaunThe wheel centers
will be made on a CNC-Mill. The inserts will be hand turned tattee. Both parts will be made
per their respective solid models, the geometry for whichfieatkin the part level drawings in
Appendix Q.

Carbon Fiber Hoop Mold Construction

The mold used to manufacture the carbon fiber rims is a two piet& It was constructed
using a motorcycle rim to achieve the desired rim profile. The nogtide rim was first prepped
for mold construction by sealing the spoke holes using a strip of alunzedrducting tape and
then coating the surface of the rim in carnauba wax to assist inn releasing from the mold
making material, a high temperature aluminum filled casting resin.

The next step was to create a concentric sheet metal hoop fonttzebe centered in. The hoop
was created using 6-inch wide rain gutter flashing and an alumiratenfpk a base, see Figure
29. The 90 degree bends in the hoop were formed using a press-break.

Figure 29: Concentric sheet metal hoop for mold castruction.

The rim was placed into the sheet metal hoop and both the rim ahddpevere sealed to the
aluminum plate using high temperature aluminum filled caulking. Two thiet shetal dividers
were then placed radially 180 degrees apart between the rimeandrtbentric sheet metal hoop
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to create a parting line in the mold. These dividers were alBled to the rim, base and hoop
using the high temperature caulking, see Figure 30 and Figure 31.

Figure 31: Detail of Rim placed in sheet metal hoowith parting line dividers.
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High temperature aluminum filled casting resin was then pouredhatspgace between the rim
and the concentric hoop on both sides of the parting line inserts thuageatold of the rim
profile with a parting line in the middle. See Figure 32 and Figure 33.

Figure 33: Detail of casting resin being poured. R#n is best worked with at warm temperatures as ihas an extremely
low viscosity.
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The resin was allowed to cure for 24 hours at room temperatwigich point it was pre-cured
in an autoclave at 150 degrees F. At this point the sheet metal hsopemvaved, the mold
separated and the rim removed from the center. The two halvesthveergost-cured in the
autoclave according to the curing schedule as outlined in the techtacature for the resin
system as found iAppendix R.

After curing the mold was sanded and any imperfections in thacguvere filled using Bondo
filler. After filling the imperfections the mold was sanded until smooth again.

Carbon Fiber Wheel Center Mold Construction

The second mold constructed was the mold for the carbon fiber wletdrs It was also
constructed using the motorcycle rim. A sheet of MDP was cugiiccle and placed inside of
the motorcycle rim such that it rested on the drop-center portiofrclar sheet of half inch
honeycomb was then placed on top of the MDP. Finally, two layers of chbleonwere laid up
on top of the honeycomb and the rim was vacuum bagged while curing. Tatedcaemold that
could be used to lay up the wheel centers to obtain an edge profiladteites with the edge
profile of the carbon fiber rims being created, thus creating a analéemale mating surface for
bonding. The center mold can be seen in Figure 34.

i

Figure 34: Completed center mold. Notice the scalfeed profile around the edge which matches with thénished rim
shape to create male and female surfaces for bondjn

Wheel Construction

The carbon fiber hoop was created by layering seven sheets of gregob®n fiber into the
mold cavity. The strips were cut in a pattern such that whenntmdhe mold their edges would
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line up and not overlap. The joints formed by the strips were staggeriedhsat the seams were
not aligned. After the pre-preg is placed a razor blade was usea thé excess material. After

the pre-preg was laid in, strips of Teflon release cloth weteand used to line the mold, see
Figure 35.

Figure 35: Hoop mold with carbon fiber Pre-preg lad in and Teflon strips being placed. The Teflon stps are the light
tan seen in the right portion of the image.

After the Teflon release cloth, a layer of breather cloth wagpped around the mold and the
entire mold was placed in a vacuum bag, see Figure 36.
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Figure 36: Mold placed in a vacuum bag. The vacuurbag material used was stretchy so that it would cdarm to the
inner surface of the rim.

The vacuum bagged mold was then placed into the autoclave to cure.uitgr thbe mold was
unclamped and the hoop removed. The completed hoop can be seen in Figure 37.

y

The Carbon Fiber centers were created by layering seven shearbaf €iber into the center
mold, placing in a single layer of honeycomb, and then layering seven rgers & carbon
fiber on top of the honeycomb. To cure, a sheet of release cloth acipn top of the mold

Figure 37: First completed carbon fiber hoop.
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followed by a sheet metal plate. Two cinderblocks were then ¢lanetop of the plate to
compress the carbon fiber and honeycomb while curing. After 24hours curimgorat

temperature the blocks and plate were removed. Excess carbon fibtrewarimmed off of the
center using a pneumatic cutoff wheel.

The wheel was assembled by bonding the center into the hoop using 3M ScddcEpasey
Adhesive DP-460 NS. The completed wheel was then drilled to adeemluminum wheel
centers and a valve stem. The valve stem and wheel centershearbolted in to complete the
wheel.

8.4.3 Problems Encountered During Wheel Production

Mold Finish

Our initial problem with the hoop mold arose out of the casting resin used to creataus&ef
the low viscosity of the resin, air which is introduced when mixing the resin is ndbatseape.
Entrapped air that settled next to the finished surface (next tmobercycle rim) resulted in
small cavities. These cavities had to be filled with Bondo in order to achievesireddeish on
the finished hoop. Unfortunately the resin system in the pre-prdprediber used has an
affinity for Bondo and when the hoop is removed from the mold after curipgllg all of the
Bondo off of the mold. The end result is that the mold must be re-Boraamede-sanded after
every hoop is created. The procedure to prep the mold surface is edytteme intensive and
each subsequent prepping result in an increasingly diminished mold surface.

Thermal Expansion of the Hoop Mold- Mismatched CTE’s

The major problem which ultimately prevented our team from seeingptbject through to
completion was the material which the mold was made out of. Iyitie believed that we were
going to be receiving pre-preg carbon fiber with a cure temperatut606F. Because of this
relatively low cure temperature we did not heavily weight the itnplithermal expansion of the

mold during curing. In the long run we ended up receiving carbon fiber which needed to be cured
at 300°F. This elevated temperature caused our mold to exhibit unforeseen behavior.

As the mold heats up in the autoclave it expands radially and ritvanéerence of the mold
grows appreciably. Because the resin in the carbon fibetl iBustl at this point and the mold is
in a vacuum bag, the carbon fiber gets pulled into the larger malandierence. As the resin
cures at elevated temperature the carbon fiber becomesTiiigigoroblem arises when the mold
is cooled off. Since the carbon fiber has set up and is rigidest to keep the circumference of
the heated mold which is larger than that of the cooled mold. Amdie cools it tries to shrink
back to its original size and because the carbon fiber’s coeffioefehermal expansion is much
less than the casting resin used to create the mold it does inétaglthe same rate. The result is
the mold begins to shrink and puts the carbon fiber hoop into compressive hoop stress.

The problem is that the cured carbon fiber hoop is much stronger thasithenold, and as the
mold tries to shrink around the hoop it begins to fail. So much hoop &rgeserated as the
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mold cures that it was sufficient to bend three of the ¥ incls husled to secure the mold
together and shear off the fourth. Unfortunately, even with the fastgiedding the amount of
stress developed was sufficient enough to begin cracking the fit@cbaly two trips through
the autoclave cure cycle.

Oversized Hoop resulting from Thermal Expansion of the Mold.

The critical dimensions on the wheel are the ones that match lupheitire. These dimensions
are the shape and circumference of the bead-seat suN&aes the carbon fiber set up in the
thermally expanded mold it created a bead-seat circumfetleaceas larger than the specified
tires are designed for. Despite this we were able to mounirégho tthe rim, albeit with great
difficulty. However, when we attempted to seat the beads of #héctithe rim they would not
pop onto the bead seat surface because it was too large. At taéngppressure of the rim,
neither of the beads would seat. When the pressure was increpséchastly one bead popped
while the other bead popped partially, the bead seat surface beirigrgeofor it to seat
completely. As the pressure was incrementally increased in an attempthte gahainder of the
bead to seat, the eccentric load as well as the increaseingp@rassures caused the rim to fail.
The rim failed without the bead seating at a pressure somewhereeber0psi and 80psi, well
beyond the design operating pressure of either the tire or the rarthelaim not been oversized
it is our opinion that the tire would have mounted and inflated successfully.

8.4.4 Wheel Production Solutions and Future Manufacturing Recommendations

It is our opinion that the general manufacturing procedure that we dexeloped will yield
successful wheels if the construction of the mold is correctedaue all of our failures arose
out of the inadequate mold design, creating a better mold will sdivef #he problems we
encountered.

We suggest that in the future the Supermileage Vehicle Taamthe following steps to create a
new hoop mold:

e Purchase a new 16x3 inch motorcycle rim similar to the onertlyrnesed in the center
mold.

e Using the same pre-preg carbon fiber as will be used for the piado¢ hoops, create a
two piece mold similar in design to the current hoop mold using the new motorcycle rim.

Because a mold made out of the same carbon fiber as the hoopaweilhe same coefficient of
thermal expansion the mold, the mold will not be compromised by the héed dyexperiences
in the autoclave. Additionally, because carbon fiber has an extreavelgdefficient of thermal
expansion, a carbon fiber mold will result in a finished hoop thakti®reely close to the
dimensions of the motorcycle rim and therefore optimum geometry foessfat tire mounting
and inflation.

We further suggest that the team re-evaluate the number of laged for the carbon fiber
hoops. Our initial analysis suggested that 10 layers was the optimum mionkbmlancing
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weight and performance, however we ultimately went with only 7 layers becauseortaays of
available pre-preg carbon fiber.

8.5 Maintenance and Repair and FMEA

8.5.1 Urban Concept Vehicle Seat

In order to limit the need for maintenance and repair, a fathoge and effects analysis (FMEA
was performed for the final seat design to ensure that thehblogliof failure and the resulting
need for maintenance and repair was minimized. An FMEA for @@¥ Beat is contained in

Appendix N.

Despite the efforts to minimize failure maintenance shouldeb®mned on the seat at least once
a month. This will include wiping the seat clean of any dirt or dust that accumjatising any
clean rag. To help with stubborn dirt, dust or liquid stains a cleaniny aggey be used. This
cleaning agent can be any house hold cleaning product however solvents agént& should
not be used. It is also possible for the owner to have the $§ie@lred if he or she desires. This
will require removal of the seat and sanding off the old finish vatidspaper. A new coat of
resin can then be applied. Refinishing will keep the seat lookinganevwhelp the user keep the
seat clean.

The seat should be inspected regularly for any surface cracks andntier of inspections
depends on the amount of usage the seat receives. If the seasracgaily usage, an inspection
of once a week is recommended. If used less, we recommend an orspécince every two to
three weeks. The inspections can be visual and if the useeslasmore detailed inspection he
or she can perform a feel test. This type of test requieemspector to run their hand around the
seat feeling for any small cracks or scratches. If any cracksratches are found the user can
easily repair the defect by purchasing resin and filling the tefey extremely large tears or
cracks should be repaired by a professional. However if the defect large a replacement seat
may be necessary because the seat may be unsafe under any external forces.

8.5.2 Urban Concept/Prototope Vehicle Wheels

In order to limit the need for maintenance and repair, a fathoge and effects analysis (FMEA
was performed for the final whel design to ensure that the likelibbéallure and the resulting
need for maintenance and repair was minimized. An FMEA for @@¥ Beat is contained in
Appendix M.

Despite efforts to minimize failure of the components maintenasngendatory and should be
preformed regularly on the wheels. This is important because foneggier may damage the
wheels by puncturing or tearing parts. Debris also adds unwanted weight wiiireduce the

efficiency of the vehicle. We recommend the wheels be checked @amaded before each use.
Cleaning consists of wiping the wheels free from foreign debris apchause-hold cleaning
agent may be used to assist with cleaning stubborn stains so lohgoa$ains no solvents.
Toxic cleaning materials with solvents are not recommended gsrthg damage or weaken
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structural parts of the wheels. Removal of the wheels is reeoihead every three to five hours
of use to ensure the wheels are free of defects. The pressheetire should also be checked at
least once a week and kept between proper pressures at all times to prevent argituasans.

During maintenance the owner should inspect the wheels for arysapaaleep scratches. A
team member must also periodically check the wheels for angl\deformations during use. If
a deficiency should occur the vehicle must be immediately stopped. Qiircking a defect is
extremely important because the defect could cause structduaé faf the wheel during use.
Failure of a wheel could cause harm to the driver and or spectaiotheevehicle. If a defect is
found the wheel should not be used under any circumstances until kebasrepaired or
replaced. Large defects that penetrate multiple layers df stoduld not be repaired. If such a
defect is detected the wheel shall be destroyed so it cannosdak again, and the wheel
replaced.

8.6 Design Verification and Testing

8.6.1 Urban Concept Vehicle Seat

The Urban Concept Vehicle Seat was verified and tested as prescribetd@\rseat DVPR
found inAppendix O. A summary of the test plan is contained in
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Table 14 below. The seat was verified to meet Item Numbers H57an Table 14. The
remaining Item Numbers have been left to the Cal Poly Supermilezaya to complete as the
vehicle is not currently in a state in which the remaining tests can be carried out.



Table 14: UCV Seat test plan summary.
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PROTOTYPE SEAT TEST PLAN

Item | Specification Test Acceptance | Test Test SAMPLES TIMING
No | or Clause| Description | Criteria Responsibility| Stage | TESTED
Reference Quantity | Type| Startdate Finish
date
1 Weight Weight seat | 7.5+0.5 Ibs CCcC PV 1 C 2/24/2010 2/24/2010
on scale
accurate to
+/-1o0z
2 Seatbelt Driver sits in | No CCC PV 1 C 2/24/2010 2/24/2010
Compatibility | seat with Interference
seatbelts
attached
3 Frame Mount seat | No CCcC PV 1 C 2/24/2010 2/24/2010
Compatibility | on frame and| Interference
check
dimensions
4 Weight Load seat to | No Failure CCC PV 1 Cc 2/24/2010 2/24/2010
Capacity 250lb
5 Adjustable Move seat 3 locations 2| CCC PV 1 C 2/24/2010 2/24/2010
Range forward and | inches apart
backward
6 Bending Test Load seat | No Failure CCC PV 1 C 2/24/2010 2/24/20[0
back with
250lb
distributed
load
7 Comfort Driver No CCcC PV 1 C 2/25/2010 2/25/2010
evaluates Discomfort
comfort for
45 min

CCC = Central Coast Composites PV = Product Vettifin C = Product Validation

8.6.2 Urban Concept Vehicle Wheels

The Urban Concept Vehicle wheels were tested as prescriltééd dCV wheel DVPR form

found in Appendix P. A summary of the test plan is contained in The wheels failed when

attempting to mount the tire. Because of manufacturing issues asbddsin this report, an
inflation pressure greater than the designed pressure was usedtiamapt to seat the bead of
the tire to the rim. In doing so the rim failed at a pressureoofesvhere between 70-80psi.
Further testing was precluded because there was not another Viedgleawailable for testing. It
is the responsibility of the Cal Poly Supermileage team to emtisardéuture wheels are tested to
the specification outlined in the DVPR contained in this report.
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Table 15 below. The wheels failed when attempting to mount #heBigcause of manufacturing
issues as described in this report, an inflation pressure gtbatethe designed pressure was
used in an attempt to seat the bead of the tire to the rim. In doing so the rim failedsstuagof
somewhere between 70-80psi. Further testing was precluded bebatsevas not another
viable wheel available for testing. It is the responsibilityhef €Cal Poly Supermileage team to
ensure that future wheels are tested to the specificatitinezlitn the DVPR contained in this

report.

Table 15: UCV wheel test plan summary.

URBAN CONCEPT WHEEL TEST PLAN

Iltem
No

Specification
or Clause
Reference

Test
Description

Acceptance
Criteria

Test
Responsibility

Test
Stage

SAMPLES
TESTED

TIMING

Quantity

Type

Start date

Finish
date

Tire
Compatibility

Mount tire
and inflate

Holds
Pressure

CCC

PV

1

C

3/1/2010

3/1/2010

Tire Pressure

Inflate to
60 psi

No Failure

cccC

PV

C

3/1/2010

3/1/2010

Weight

Weigh
wheel on a
scale with
+1 oz
resolution

3+0.5 Ibs

CCcC

PV

3/1/2010

3/1/2010

Frame/Rotor
Compatibility

Mount
wheel on
axle, check
clearances

No
Interferenc
e

CCC

PV

3/1/2010

3/1/2010

Lateral Force

Place car
on inclined
ramp to
produce
125% of
theoretical
maximum
cornering
loads

No Failure

CcccC

PV

3/1/2010

3/1/2010

Axial Force

Raise one
wheel to
create
artificial
uneven
weight
distribution

No Failure

CcccC

PV

3/1/2010

3/1/2010

Concentric
with Axle

Spin wheel,
use gauge
to
determine
alignment

+0.0625"
Deflection

CccC

PV

3/1/2010

3/1/2010
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8 Impact Drive No Failure | SMVT PV 1 C 3/1/2010 3/1/2010
Loading vehicle into
uneven
pavement
9 Bolt Remove No SMVT PV 1 C 3/1/2011 3/1/2011
Inspection Bolts, Irregularitie
check for s found
corrosion
and wear

CCC = Central Coast Composites SMV = Supermileagi@idle Team PV = Product Verification C = Produetiigfation

9 SAFETY CONSIDERATIONS

The scope of the projects and the nature of the products being develspel that, should any
of them fail, there is a significant chance of the driver and/orreéisebeing injured or even
killed. Safety considerations are therefore paramount in mitigaticly filures and preventing
injuries. Should the safety requirements specified here and in future documewtbéarhet, the
products being developed for Supermileage shall not be used until $meé as they can be
shown safe.

For the design and development of all three products, calculationxainoma theoretical loads
shall be performed and peer reviewed. An appropriate factorfefysshall be applied to
calculated loads. Computer generated solid models will be dresig analyzed using FEA
software with the factor of safety corrected theoretioalds. Once desired performance is
obtained from the model the products will be manufactured to modelkedfication. Prior to
use, all products will undergo static testing. In the case of tleeighdynamic testing will be
performed at moderate speeds under controlled conditions after tleéswilaee successfully
passed static testing.

9.1 Material Properties and Safe Use:

5.70z Graphite 3K 2x2 Twill Weave
For cloth properties, sefppendix F*
For 3K tow properties, seppendix G?
For cloth MSDS, seAppendix H?

635 Epoxy Resin
For MSDS, seéppendix

3:1 Epoxy Hardener

For MSDS, seéppendix §°
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Adtech EI-325-1 HTTC Epoxy composite tooling compound

For MSDS, seéppendix $°

10 MANAGEMENT

After the formation of our group, our team soon made a list sgoresibilities that would be
required to successfully complete our project. Every individual in thepgn@s assigned one or
more of these responsibilities that he or she must complete. Tdmsensibilities range from
short assignments to long assignments that can take a few monttwmipletion. Our group
came to an agreement that the division of these responsibilitiesl dfedecided mainly on who
had the most experience in certain areas and the strengths ofneiaddual. After our
agreement, our group listed all the responsibilities our project wogldreeand divided these
responsibilities equally amongst the group. A timeline was also ridelethe responsibilities
were assigned and it shows dates that certain tasks msistrtezl as well as deadlines for those
tasks.

Casey Alvernazis in charge of group meetings. In the group meeting, Mr. Alvernaz will keep an
agenda of what is discussed. This will include all topics, ideas haniéngth of time the group
meets. All of the information discussed and recorded in the groupngedll be available to

our sponsor or group for future reference if requested. Mr. Alvalsazhas access to all of his
group members’ calling numbers and is in charge of notifying each grougenerh an
upcoming meeting. He will also use the contact numbers to share anytanmpaformation
discussed in previous meetings in the event that a group member is absent.

Verent Chan is primarily in charge of research. His research will be dmeelominantly by
corroborating with the Cal Poly team and with our sponsor. He isil lae referring to many
research books made by the previous Cal Poly team. Mr. Chanlsallfraquently refer to
research books about how to optimize seat and wheel designs. Mr. Chan will refodirgsto
the group members during meetings and the group will keep all of hisnation. The group
can then incorporate Mr. Chan’s information when designing and constriabgngeat and
wheels.

Brian Hamstrom is accountable for any written documents from the group. He isc¢heital
writer and editor of any written documents the group must present @atheoly Supermileage
Team. He must receive all papers written from our group and arthagein order and make
sure these documents are free from most errors. He must dteosora that all documents are
cited correctly. Mr. Hamstrom is also responsible for double chetkatgnformation written is
correct and the document shows where the information was obtdneHamstrom will keep
any written documents and present them to anyone that is apart of the project upon request.
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David Lewis is responsible for procurement of materials and is the vendoaatohte will
obtain any materials needed to construct the composite seat and wheels. Blwilgwimarily
obtain materials through the Cal Poly Supermileage Team’s supptigérseed, will obtain any
other material by ordering from a supplier, or purchasing throughdtmas. He also can obtain
certain materials from instructors that have extra mateaiagable. Mr. Lewis will be the main
contact person for anyone who is providing or selling us the mageriahe will provide these
vendors or suppliers with his email and contact number.

James Sciainiis liable for the coordination of the group. He is also obligated to keep track of the
design our group decides to construct. Mr. Sciaini is required to nua&ehse group works on
separate parts of the project and that each part of the projebevinished on time. He must
check that all parts meet the requirements that the CalSugrmileage Team has specified to
our group. A timeline, seen ilippendix C, will be used by Mr. Sciaini to ensure everything is
on track and that everything gets completed on or before deadlines.obtmsee deadlines are

as follows:

Completion of seat by November 25, 2009
Complete Urban Concept Vehicle wheel design by November 29, 2009
Complete Urban Concept Vehicle wheel fabrication by March 4, 2010

On the timeline, each color signifies a different stage in the overall project

Blue represents the Urban Concept Vehicle seat.

Red signifies the Prototype Vehicle wheels.

Green is the development of the Prototype Vehicle wheels and rieen WConcept
Vehicle seat.

Purple represents the Urban Concept Vehicle wheels.

11 CONCLUSION

The goal of Central Coast Composites was to utilize the resoatdgal Poly to successfully
design and build an Urban Concept seat as well as wheels for iz Qoncept Vehicle.
Although at times it appeared as though Cal Poly’s available resourees insufficient to
complete the task at hand, with some hard work and ingenuity we wer&attercome these
barriers and develop innovative manufacturing processes to accompligivalsir Had it not
been for some unforeseen supply issues that could neither be avoided peat &edtl the
resulting mismatch between our designed and actual manufacturinggpreeewould have
completed four wheels successfully. We believe that our desigprandss are both sound and
that given a little more time we could have presented Cal Raghergileage Team with four
outstanding and high performance carbon fiber wheels.
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13 APPENDICIES

The appendix contains relevant project information referenced in the body of the report

Appendix A: Shell Eco-marathon® Rules 1)

The following section dictates the importance of certain SheHrEa@thofi rules to the design
of the Urban Concept Vehicle Seat and the wheels for both the Urbaepfamnc the Prototype
Vehicles. A full copy of the rules is available on the Shell Bavathofi website. The rules
mentioned below are taken word-for-word from the Shell Eco-maratféinial rules.

General Rules

Article 21b: Drivers of the Urban Concept Vehicles must weigh at least 70 kgflin f
driving gear.

The seat for the Urban Concept Vehicle must be designed to suppdulltioad of
the driver while the vehicle is stationary and while it is iotion. Forces generated
during cornering and hard braking are expected to be the largest loads.

Article 22: Drivers must wear protective helmets that comply with thetysatandards
specified in Chapter Il of the Official Rules of each Shell Eco-mar&tEoent.

The helmet size will be taken into consideration during seat désigmsure the
drivers’ head is positioned comfortably and to minimize discoméothe back and
neck.

Prototype Rules
Article 26g: The maximum vehicle weight without the Driver is 140kg.

Even though the current Prototype Vehicle weighs 96 Ibs without ther,diivie
possible for the vehicle’s weight to change. The rules place ia dimthe car’s
weight. In the event that Cal Poly’s Prototype Vehicle incieasaveight, the wheels
should be able to support the static and dynamic loads of the vehicle.

Article 37a,b: All types of wheels are allowed. Any type of wheel rim may loe Rgas
must be compatible with the dimensions of the selected tires in trdatisfy safety
standards....The wheel axles must be designed for cantilever loads.

This rule removes any requirement for off-the-shelf wheels topbechased.
However, it does place restrictions on how the wheels must be designed.

Urban Concept Rules

Article 47a: Urban Concept Vehicles must have exactly four wheels.
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Central Coast Composites is required to develop four wheels.
Article 48h: The maximum vehicle weight (excluding the Driver) must be 160kg.

Similar to the Prototype Vehicle, the wheels must be able to supeodynamic and
static loads of the Urban Concept Vehicle. Since the Urban Concept Veloilefal
weight is still unknown, load calculations should account for possible vahicle
weight until more information is known.

Article 54a: The Driver’'s seat must be fitted with an effective safety Barhaving at
least five mounting points to maintain the Driver in his/her seat. Tdwntimg point(s)
for the crotch straps must be below the Driver’s torso to prevenbtiver from slipping
forward. The 5 independent belts must be firmly attached to the vem@&isstructure
and be fitted into a single buckle, specifically designed for this purpose.

The seat design must allow for the crotch strap to securelytheldiriver from
sliding forward. Since the safety belts will be attachech&ouehicle’s chassis, it is
not necessary for the seat to support any additional loads other than the driver.

Article 55: It is imperative for Drivers, fully harnessed, to be able to vatair vehicles
at any time without assistance in less than 10 seconds.

Easy access in and out of the vehicle should not be limited by the seat design.
Article 57: The rims must be 16 or 17 inches in diameter.
The wheel diameter is to be designed as stated.

Article 58: All tire types are allowed as long as they are fitted on the typesiaedof

rims recommended by their manufacturers. The tire/rim assemblyhane a minimum
width of 80mm, measured from sidewall to sidewall. The width is measiitethe tire

fitted on its rim at its rated pressure.

Tire and rim fitment is crucial to safe operation of the vehiSiace the tires are
already selected, the Urban Concept wheels will be designeéét the required rim
profile of the tire manufacturer. The minimum width is measguirem the tire
sidewalls, but the tire sidewall width is directly affected by the widthefim.
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Appendix B: QFD matrices for Urban Concept Seat, Prototype Wheels

Urban Concept Seat QFD
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Prototype Vehicle wheels QFD
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Urban Concept Vehicle wheels Q
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Appendix C: Project Timeline

The Project Timeline is more readily attached in a paper copy. For electopigs the project
timeline will be sent as an additional file.
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Appendix E: Load Calculations for UCV seat.

Force on the Seat

Q’Cﬂ?"
D

A= Myerson@ear

Max acceleration seen by person in the car.

V=,
Acar = r
(35 miles 0 mileS) ( 1 ) (5280 ft) 1/ c 133ft
= - * * * = 5. —
¢ Jor Jor 10s mile 36005 52

We will be looking at the force on the back of the seat so whienlaang the mass of the
person we will only look at half the weight on the back and half on the bottom of the seat.

150 Ibs
Myperson = ————= = 2.33 lbs

2 * 32.2f—§
S
F = MyersonQcar

t
! = 11.95 lbs

F, =233 lbs » 5133
S

As a factor of safety we will double the force.

F; =2 %1195 lbs = 239 lbs

¥

Ly=41in

F, = cos22 xFy
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F, = cos 22 x 23.9 lbs
F, = 22.159 lbs
F, =sin22 * F;
E, = sin22 * 23.9 lbs
F, = 8.453

Force in the Fis used to find the moment at the bottom of the seat.

M=F 1 ( 41 )
= k — %
* 2 \cos22

M = 22159 lbs * 22 in
M = 487.51bs — in

M
J_Wtz

Rewrite the stress equations in terms of the thickness of the seat t.

6M
t= f—
wo

6 x487.51lbs — in

17 in + 100 x 103 25
n

t =

t=.042in
Divide by the thickness of the cloth to get approximation of the number of layers

042

.012 3:5

number of clot/z1 =

Or Alternatively using a max theoretical load on the back of the seat 25F Ibs.
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Ly=41in

Simplified seat model for determination of number of layers of carbon fiber chpiived to
meet safety requirements.

F, = cos22 xFy
F, = cos 22 x 250lbs
E, = 231.81bs
FE, =sin22 * F;

F, = sin 22 % 250 lbs

E, = 93.7

Force in the Fis used to find the moment at the bottom of the seat.

M=F 1 ( 41 )
= k — %k
* "2 \cos22

M =5125.11lbs — in

|

Foam Core ba=1

by

ha=20[

Seat back side cut away.

1_b1*/7§ bz*/fg
12 12




t
number of clot/z = o1= 28

Actual cloth used

tusea = 4

3 3
_ blsf * /lef _ bZSf * /ZZSf

! 12 12

_ ﬁlsf
2
ﬁlsf - ﬁZSf

tusea = 2

c

/llsf - /ZZSf = blsf - bZSf

Mc
=T
osr = 5840
90000
safty factor = ———=15.4
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Appendix G: Carbon Fabrics 284 Technical Data Sheet

284

Carbon Fabrics

Product Data

STYLE 284
Type of yarns Warp Yarn 3K Carbon, 33 MSI

Fill Yarn 3K Carbon, 33 MSI
Fabric Weight 5.8 (oz/yd2)

197 (g/m?)
Weave Style 272 Twill
CONSTRUCTION
Nominal Construction Warp Count 125
yams/inch Fill Count 125
Fabric Thickness 8.7 (mils)

0.22 (mm)
Breaking Strength n/a (Ibf/in)

n/a (Ibf/in)
Markets Aeronautics/Aerospace, Recreational
Applications Low Pressure Composites, Aircraft Advanced Composites
IMPORTANT

All information is believed to be accurate but is given without acceptance of liabifity. Users should make their own
assessment of the suitability of any product for the purpose required. All sales are made subject to our standard terms
of sales which include limitations on liability and other important terms. The fabric style listed may not be available from
inventory, and minimum order quantities may apply.

FOR FURTHER INFORMATION, PLEASE CONTACT US




Appendix H: HexTwo AS2C Technical Data Sheet

HexTow® AS2C carbon fiber is a continucus, high strength, high strain, PAN based fiber available in 3,000 (3k)
filament count tows. This fiber has been surface treated and can be sized to improve its interlaminar shear
properties, handling characteristics, and structural properties, and is suggested for use in weaving.
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Typical Fiber Properties U.S. Units Sl Units
Tensile Strength 644 Kksi 4,440 MPa
Tensile Modulus .

(Chord 6000-1000) 32 Msi 221 Gha
Ultimate Elongation at Failure 1.9% 1.9%
Density 0.0850 Ib/in® 1.80 g/cm?®
Weight/length
3k 11.2x 10 Ib/in 0.200 g/m
Approximate yield
3k 7,442 1t/lb 5.00 m/g
Tow cross-sectional area
3k 1.72x 10*in? 0.11 mm?
Filament Diameter 0.270 mil 6.9 microns
Carbon Content 94.0% 94.0%
Twist Never Twisted Never Twisted

Carbon Fiber Certification

This carbon fiber Is manufactured to Hexcel industrial grade specification HS-CP-3000. A copy of this
specification is available upon request. A Certificate of Conformance will be provided with each shipment.

Available Sizing

Sizing compatible with various resin systems, based on application are available to improve handling
characteristics and structural properties. Please see additional information on available sizes on our website or
contact our technical team for additional information.

Packaging

Standard packaging of HexTow® AS2C is as follows:

Filament Count Nominal Weight Nominal Length

{Ib) (k) (ft) (m)
3K 4.0 1.8 29,770 9,070

Other package sizes may be available on request. The fiber is wound on a 3-inch ID by 11-inch long cardboard
tube and overwrapped with plastic film.

Safety Information

Obtain, read, and understand the Material Safety Data Sheet (MSDS) before use of this product.
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Appendix I: MSDS Fibre Glast 1069 5.7 0z Twill cloth

@ Fibre Qlast

Developm Grporation
FIBRE GLAST DEVELOPMENTS CORP. TELEPHONE: (937) 833-5200
385 Carr Drive FAX: (937) 833-6555
BROOKVILLE, OH 45309 FOR CHEMICAL EMERGENCY

CALL (800) 424-9300 24 HRS.

SECTION 1 - PRODUCT IDENTIFICATION

PRODUCT: PART #1069 5,70z

hite 3K 2x2 Twill Weave

Synonyms: All Product Grades
Chemical Family: Carbon
Molecular Formula: Polymer
Molecular Wgt: Polymer

SECTION 2 - COMPOSITION/INFORMATION ON INGREDIENTS

WHMIS Regulated Components:

COMPONENT CAS. NO. % (W/W) TWA/CEILING: REFERENCE
Carbon Fiber 007440-44-0 100 not established
(As Carbon Fiber) 3 fibers/cc CYTEC

SECTION 3 -HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW
Appearance and Odor: Odorless black fiber

Statements of Hazard:
Warning: Electrically conductive fibers
Airborne fibers can short circuit electrical equipment
Airborne fibers may cause mechanical irritation of eyes, skin, nose and
throat.

POTENTIAL HEALTH EFFECTS
Effects of Exposure: The acute oral (rat) and dermal (rabbit) LD50 values are estimated to
be greater than 5,000 mg/kg and greater than 2,000 mg/kg, respectively.

Direct contact with this material may cause mild eye and skin irritation.

PDCT-MSDS-00111-C-12/08-RR!




Pagel|74

Refer to Section 11 for toxicology information on the regulated components of this product.

SECTION 4 - FIRST AID MEASURES

If swallowed, call a physician immediately. Only induce vomiting at the instructions of a
physician. Never give anything by mouth to an unconscious person. In case of skin
contact, wash affected areas of skin with soap and water. In case of eye contact,
immediately irrigate with plenty of water for 15 minutes. If vapor or dust of this material
is inhaled, remove from exposure. Administer oxygen if there is difficulty in breathing.
Obtain medical attention immediately if hecessary.

SECTION 5 - FIRE FIGHTING MEASURES

FLAMMABLE PROPERTIES
FLASH POINT: Not applicable
FLAMMABLE LIMITS
(Y% BY VOL): Not applicable
AUTOIGNITION TEMP: Not available
DECOMPOSITION TEMP: Not available
MECHANICAL/STATIC SENSITIVITY: None

EXTINGUISHING MEDIA AND FIRE FIGHTING INSTRUCTIONS
This material will not burn readily. Use an extinguishing media appropriate for the
surrounding fire. Wear self-contained, positive pressure breathing apparatus.

SECTION 6 - ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
Sweep up spills and place in a waste disposal container. Flush area with water.

SECTION 7 - HANDLING AND STORAGE

Keep container closed.

Maintain good housekeeping to control dust accumulations.

IMPORTANT! Airborne fibers are electrically conductive and may cause short circuits. Do
not let fibers come in contact with electrical equipment.

PDCT-MSDS-00111-C-12/08-RR
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SECTION 8 - EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS AND PERSONAL PROTECTIVE EQUIPMENT (PPE)

Engineering controls are not usually necessary if good hygiene practices are followed.
Before eating, drinking, or smoking, wash face and hands thoroughly with scap and
water. Avoid unnecessary skin contact. Impervious gloves are recommended to
prevent prolonged skin contact. For operations where eye or face contact can occur, eye
protection is recommened.

SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR: Odorless black fiber
BOILING POINT: Not applicable
MELTING POINT: >5000 F, 2760 C
VAPOR PRESSURE: Not applicable
SPECIFIC GRAVITY: 1.6

VAPOR DENSITY: Not applicable

% VOLATILE (BY WT): Not applicable

pH: Not applicable
SATURATION IN AIR (% BY VOL): Not applicable
EVAPORATION RATE: Not applicable
SOLUBILITY IN WATER: Negligible
VOLATILE ORGANIC CONTENT: Not applicable
ODOR THRESHOLD: See section 2 for permissible exposure limits.

SECTION 10 - STABILITY AND REACTIVITY

STABILITY: Stable

CONDISITONS TO AVOID: None known
POLYMERIZATION: Will not occur
CONDITIONS TO AVOID: None known
INCOMPATIBLE MATERIALS: No specific incompatibility

HAZARDOUS DECOMPOSITION/COMBUSTION PRODUCTS: Oxides of carbon

SECTION 11 - TOXICOLOGICAL INFORMATION

Toxicological information for the product is found under Section 3. HAZARDS
IDENTIFICATION. Toxicological information on the regulated components of this product is
as follows:

PDCT-MSDS-00111-C-12/08-RR
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Carbon fibers may cause mechanical irritation of the eyes, skin, nose and throat. Airborne
carbon fibers are not considered respirable. A typical carbon fiber may be characterized as
having a diameter of 5-7 microns and a length greater than 100 microns. Fibers with
diameters greater than 3.5 microns are not considered respirable.

SECTION 12 - ECOLOGICAL INFORMATION

No aquatic LC50, BOD, or COD data available.
OCTANOL/H,0 PARTITION COEF: Not applicable

SECTION 13 - DISPOSAL CONSIDERATIONS

Fibre Glast Developments Corporation encourages the recycle, recovery and reuse of
materials, where permitted, as an alternative to disposal as a waste. Fibre Glast
Developments Corporation recommends that organic materials classified as hazardous
waste according to the relevant local or national regulations be disposed of by thermal
treatment or incineration at approved facilities. All local and national regulations should be
followed.

SECTION 14 - TRANSPORT INFORMATION

This section provides basic shipping classification information. Refer to appropriate
transportation regulations for specific requirements.

TRANSPORT CANADA ICAQ/IATA
SHIPPING NAME: NOT APPLICABLE/NOT REGULATED NOT APPLICABLE/ NOT REGULATED
HAZARD CLASS: Not Applicable Not Applicable
SUBSIDIARY CLASS: Not Applicable Not Applicable
UN/ID NUMBER Not Applicable Not Applicable
PACKING GROUP: Not Applicahle Not Applicable
TRANSPORT LABEL REQUIRED: Not Applicable Not Applicable
PACKING INSTR: Not Applicable PASSENGER: Not Applicable
CARGO: Not Applicable
MAX NET QTY: Not Applicable PASSENGER: Not Applicable
CARGO: Not Applicable
SHIPPING NAME: D.0.T. SHIPPING INFORMATION IMO SHIPPING INFORMATION
NOT APPLICABLE/NOT REGULATED NOT APPLICABLE/NOT REGULATED
D.0.T. HAZARDOUS (Product Reportable Quantity) Not Applicable
SUBSTANCES: Not Applicable
TRANSPORT LABEL REQUIRED: None Required None Required
ADDITIONAL TRANSPORT INFORMATION
TECHNICAL NAME (N.O.S.) | Not Applicable |

PDCT-MSDS-00111-C-12/08-RR
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SECTION 15 - REGULATORY INFORMATION

This product has been classified in accordance with the hazard criteria of the Controlled
Products Regulations and this Material Safety Data Sheet contains all the information
required by the Controlled Products Regulations

WHMIS CLASSIFICATION: NOT WHMIS CONTROLLED

INVENTORY INFORMATION
CANADA DSL: Components of this product have been reported to
Environment Canada in accordance with subsection 25 of the Canadian
Environment Protection Act and are included on the Domestic Substance

List.

US TSCA: All components of this product are included on the TSCA
inventory in compliance with the Toxic Substances Control Act, 15 U.S.C.
2601 et. Seq.

EEC EINECS: All components of this product are included in the European
Inventory of Existing Chemical Substances (EINECS) in compliance with
Council Directive 67/548/EEC and its amendments.

SECTION 16 - OTHER INFORMATION

NFPA HAZARD RATING (National Fire Protection Association)

Fire: Materials that must be preheated before ignition can occur.

Health: Materials that under emergency conditions, can cause significant irritation.
Reactivity: Materials that in themselves are normally stable, even under fire exposure
conditions.

Fire
1

Health 1 0 Reactivity

Special

SECTION 17 - COMMENTS

PDCT-MSDS-00111-C-12/08-RR

The information accumulated herein is believed to be accurate but is not warranted to
be, whether originating with Fibre Glast Developments or not. Recipients are advised
to confirm in advance of need that the information is current, applicable, and suitable
to their circumstances.



Page|78

Appendix J: MSDS Reichhold 635 thin epoxy resin

Reichhold, Inc. Street Address: RE’CHHDLD

Corporate Headguarters 2400 Ellis Road, Durham, NC 27703

P.O. Box 13682

Research Triangle Park, NC 27709-3582 Digtributed bv:

8am to 5pm Phone: 1-800-275-6353 US Composgites (561) 588-1011 www.uscomposites.cc

24-Hour Emergency Phone: 1-800-424-S300 -

Effcective Date: 8/15/07 Material Safcty Data Sheet
1. PRODUCT IDENTIFICATION .

Health: 2%

Trade Name: 635 THIN EPOXY RESIN Flammabhility: 1

- T T Reacrivity: 1
Material Code: 37127-0D eacnviry

Personal Protection:

Chemical Family: Epoxy Resin

NITA RATING HMIS RATING
Intended Use: Coalings
2. COMPOSITION / INFORMATION ON INGREDIENTS
[0 CAS No. CHEMICAL IDENTITY EXPOSURE LIMITS CARCINOGEN
S STATUS
H ACGIH OSHA MFR. TIARC | NTF | OSHA
A TWA | STEL PEL STEL
* | 25085-99-8 Diglyeidyl ether of hisphennl A NE NF. NE NE NE NR NR NR
homopolymer
Cowanon Epoxy Resiu
Name:
Conecentration 80.00 - 82.00 wt2h
6860VLT-2 Allzy] glyeidyl ether NE ME NE NE NE NE NE NR
Conecentration 18.00 - 20.00 wt%

NE = Not Established NE.=Not Reviewad * = OSHA Hazardous Ingredient

Reference Notes: Refer to Section 8, Subheading "Exposure Guidelines", for additional information concerning exposure limits.

3. HAZARDS IDENTIFICATION

Lmergency Overview: Appearance: Straw Colored Liquid Mild Odor

May canse skin and respiratory sensitization.

Route(s) of Entry: Eyc contact. ingestion. inhalation, and skin contact. Skin absorption.

Acute Exposure: SKIN: Contact may cause skin sensitization. an allergic reaction which becomes evident on re-exposure to this
material. Contact causes skin writation. Harmiful 17 absorbed through skin.

LYLS: Dirsct contact with this material may cause eye irritation mcluding tearing and radness.
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Fffective Nate: 81507 635 THIN FPOXY RESIN Reichhold, Tne.

INHALATION: Low volatility mekes vapor inhalation unlikely. Aerosal can be irritating. May cause respiratory sensitization in
susceptible individuals.

INGESTION: Singls dose oral toxicity is low. Swallowing small amounts during normal handling is not likely to cause harmiul
effects: swallowing large amounts may be harmful. Ingestion is not an anticipated route of expesure for this material in industrial
use.

Chronic Exposure: Prolonged or repeatad exposure may cause respiratory sensitization, an allergic reaction that becomes evident
on re-exposure to this material.

Carcinogenicity: This material does not contain 0.1% or more of any chemical listed by the International Agency for Research on

Cancer (IARC), the National Toxicology Program (NTP), or regulated by the Occupational Safety and Health Administration
(OSIIA) as a carcinogen.

4. FIRST AID MEASURES

Eye Contact: Innnediately (ush eyes with large quantities of clean waler fur at least 15 minutes, Gel imnediale medical allention.
Skin Contact: Wash skin with soap and water. Remove contaminated clothing. Get medical attention if irritation develops or
persists. Wash contaminated clothing before reuse. Solvents should not be used to clean hands or skin because they increase the
penetration of the matarial into the skin. Remove and dispose of all contaminated leather goods. including shoes

Ingestion: Do not induce vomiting. Give the victim one or two glasses of water or milk to drink. Naver give anything by mouth to
an unconscious person. Seek medical advice. In general, no adverse effects are anticipated by this route of exposure incidental to

proper industrial handling.

Inhalation: Remove affected individual(s) to fresh air. Ssek medical attention if breathing difficulty develops.

S. FIRE FIGHTING MEASL RES

Tlash Point: =300°T (=149 ° C)
Flash Point Method Used: SetaFlash Closed Cup
Flammable Limits in Air (Lower): Not applicable
Flammable Limits in Air (Upper): Not applicable
Autoignition: Not applicable

General Hazards: Containers of this material may build up pressure if exposed to heat (fire). Use water spray to cool fire-
exposed containers.

Fire Fighting Extinguishing Media: Use carbon dioxide, foam, dry chemical or water fog to extinguish fire.

Fire Fighting Equipment: Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing.
Thoroughly decontaminate all protective equipment after use.

Fire Fighting Instructions: Evacuate all persons from the fire arsa to a safe location. Move non-burning marerial, as feasible, 10 a
safe location as soon as possible. Fire fighters should be protected from potential explosion hazard while extinguishing the blaze.
Use warer spray to cool fire-exposed containers.

Fire and Explosion Hazards: This material may polymerize (react) when its container 1s exposed to heat (as during a fire). This
polymerization increases pressure inside a closed container and may result m the violent rupture of the container.

Hazardous Combustion Products: 1he by-products expacted in incomplete pyrolysis or combustion of epoxy resins are mainly
phenolics, carbon monoxide and water.
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FEffective Dare: 81507 635 THIN FPOXY RESIN Reichhold, Tne.

6. ACCIDENTAL RELEASE MEASURES

Accidental Release Measures: FOR SMALL SPILLS: Absorb spill with inert material (2.g.. dry sand or earth). then place ina
chemical waste container.

LARGE SPILL: Persons nol wearing prolective equiptnent (see Section 8) should be excluded fom the area of the spill until clean-
up has been completad. Prevent spilled material from 1) contaminating soil. 2) entering sanitary sewers, storm sawers, and drainags
systems, and 3) entering bodies of water or ditches that lead to waterways. Shut off the leak when it is safc to do so, dike and pump
(he liquid mto wasle contaimers. Residuzl resin way be removed using steann or hol scapy waler.

7. HANDLING AND STORAGE

Signal Word: WARNING

Handling Information: Avoid contact with eyes. skin, and clothing. Wash hands thoroughly zfter handling and before eating or
drinking. Remove and wash contaminated clothing before reuse. Use with adequate ventilation.

Emypty drums should be completely drained, properly bunged. and promprly returmed to a drum reconditioner or properly disposed.
Storage Information: Keep contamer closed when not i use. Warin storage (130°F/54°C 1w 150°F/65.5°C) 1s recouanended.

This resin may crystallize during extended storage or when stored at low remperatures. Resin which has crystallized can be melted
by warming at 130°F - 150°F until all erystals have melred. Remelting of resin has no negative effects on performance.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Exposure Guidelines: There are no Occupational Safety and Health (OSHA) Permissable Exposure Linuts (PEL) or American
Conference of Governmental Industrial Hygenists (ACGIH) Threshold Limit Values (TLV) or Short Term Exposure Limits (STEL)
established for the component(s) of this product.

Engincering Controls: Good general ventilation should be sufficient to control aitborne levels of irritating vapors. Local
ventilation may be required during certain operations.

Eyc Protection: Wear safety zlasses with side shislds or zoggles. Facilities storing or utilizing this matarial should be equipped
with an syewash station and safety shower.

Skin Protection: Wear chemical resistant gloves. If splashing is likely, wear impervious clothing and boots 1o prevent repeated or
pralonged skin contact. Consul: your supplier of personal protective equipment for additional instructions on proper usage.

Respiratory Protection: If matenial generates fumes when heatad, a NIOSH/MSHA approved air-puritying respirator with
organic vapor cartridge or canister may be used to minimize exposure. A respiratory protection program that meets OSIIA's 29
CFR 1910.134 and ANSI Z88.2 requirements must be followed whenaver workplace conditions warrant a respirator’s use.
Protaction provided by air puritying respirators is limited. Use a positive pressure zir-supplied respirator if 1) there is any potential
for an uncontrolled release, 2) exposure levels are not known, or 3) during other circumstances where air purifying respirators may
not pravide adequate protection

9. PHYSICAL AND CHEMICAIL PROPERTIES

Color: Straw colored

Odor: Mild

Odor T'hreshold: Not available

Physical State: Liquid

Solubility in Water: Iusoluble al 20°C (68 °F)

Viscosity: 500 - 800 cps at25%C (77 “I)
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Effective Date: 8/15/07 635 THIN EPOXY RESIN Reichhold, Ine
Vapor Pressure: Not applicable

Specific Gravity: 1.09 - 1.11 (Water=1) at25°C (77 °T)

Bailing Point: Not available

Freezing Point: Not available

% Volatile: 18 - 20 % by weight

VOC Content: 209 grams/liter (calculatad)product as supplied

pH: Not applicable

10. STABILITY AND REACTIVITY

Stability: Stable at normal temperamures and storage conditions.

Incompatibility: Aveid contact with strong oxidizing agents, mineral acids. and strong mineral and organic bases, especially
primary and secondary aliphatic amines.

Ilazardous Decomposition Products: Thermal decomposition may produce various hydrocarbons and irritating. acrid vapors.
Hazardous Polymerization: Hazardous polymerization will not occur. Reaction with some curing agents may produce
considerable heat. Run-a-way cure reactions may char and decompose the resin system. generating unidentified fames and vapors
which may be toxic.

Conditions te Avoid: Contamination by those materials referred to under Incompatability. Potentially violent decomposition can

occur above 3350° C (662° F).

11. TOXICOLOGICAL INFORMATION

Acute Eve Toxicity: No information is available.

Acute Skin Toxicity: Diglycidyl Ether of Bisphenol A: dermal LD50 (rabbit), 20,000 mg / kg, Alkyl Glycidyl Ether: dermal
LD350 (rabbit), = 2000 mg / kg: Draize (rabbit, 24 hr.). 3.4 - 5.7.

Acute Inhalation Toxicity: No information is available.

Acute Oral Toxicity: Diglycidyl Ether of Bisphenol A: oral LD30 (rat), = 3.000 mg / kg. Alkyl Glycidyl Ether: oral LD30 (rat), =
2,000 mg / ke.

Chronic/Carcinogenicity: The International Agency for Research on Cancer (IARC) has classified diglyeidyl ether of bisphenol
A Group 3, the agent 13 not classitiable as to 1ts carcinogenicity to humans.

Many studies have been conducted to assess (DGEBPA) based epoxy resins. In one of these. a DGEBFA-based resin (containing
high levels of several mpuritias, including a known animal carcinogen) was reportad to produces a weak carcinogenic response in
the skin of one of two strains of mice tested. Recent studies have suggested slight inercases in two systemie tumor types following
repeatad application of certain DGEBEA-containing resins (or pure DGEBPA), although the response was not uniform among
practically identical resins. Based on the cause-effect relationship between DGEBPA treatment and these tumor increases 1s
questionable.

Teratology: Diglyeidyl ether of bisphenol A did not canse birth defects or other adverse effects on the fetis when pregnent rabbits
were exposed by skin contact, the most likely routs of exposure, or when pregnant rats or rabbits were sxposed orally.

Reproduction: In animal studies, diglycidyl ether of bisphencl A has been shown not to interfere with reproduction.
Mutagenicity: Diglycidyl elher of bisplienol A lias proved Lo be inactive when lesled by m-vivo mulagenicily assays. I has shown

activity by in-vitro microbial mutagenicity screening and has produced chromosomal aberrations in cultured rat Liver cells. The
significance of this information to man is unknown.
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Lifective Date: 8/15/07 635 TIIIN EIrOXY RESIN Reichhold

12. ECOLOGICAL INFORMATION

Ecotoxicity: Diglycidyl Ether of Bisphenol A: material is moderately toxic to aquatic organisms on an acute basis LCS0 (Dapk
magna), 1.3 mg/L; LC50 (fathcad minnow), 3.1 mg /L.

Environmental Fate: The bioconcentration potential for diglycidyl ether of bisphenol A is moderate. Potential for mobility in.
15 low. Biodegradation undsr asrobic laboratory conditions is below detectable limits.

13. DISPOSAL CONSIDERATIONS

Waste Disposal Method: Not a RCRA hazardous wasle. Disposal of this malerial is nol regulated under RCRA. Consull fede
state and local regularions to ensure that this materizl and its containers, if discarded, is disposed of in compliance with all
regulalory requireinents.

"Einply containers”, as defined under 40 CFR 261.7 or other applicable stale or provineial regulations or wansportaliion regulatic
are not classified as hazardous wastes.

RCRA Hazard Class: NOT A RCRA HAZARDOUS WASTE: When discarded in its purchased form, this material would na
regulated as a RCRA Hazardous waste under 40 CFR 261.

14. TRANSPORT INFORMATION

DOT /IATA /IMDG / TDG: Bulk and Non Bulk
Proper Shipping Name: NOT REGULATED

15. REGULATORY INFORMATION

Occupational Safety and Health Act (OSHA): This material is classifiad as a hazardous chemical under the criteria of the US
Occupational Safety and ITealth Administration (OSIIA) ITazard Communication Standard, 29 CTR 1910.1200.

SARA Title ITI: Section 302 - Extremely Hazardous Substances (EHS): This product dees nol contain any chenncals regula
nnder Section 302 (40 CFR 3553) as extremely hazardons substances.

SARA Title ITI: Section 304 - CERCLA: Reportable Quantities have not been established for any of this matsrial's componer:
SARA Title III: Section 311/312 - Hazard Communication Standard (HCS): This material is classified as an IMMEDIATE
HEALTH HAZARD and DELAYED HEATTH HAZARD under the US Superfund Amendment and Reauthorization Act {Sect
311/312).

SARA Title III: Section 313 Toxic Chemical List (TCL): This product does not contain any chemicals for routine annual tox
chemical release reporting under Saction 313 (40 CFR 372).

TSCA Section 8(b) - Inventory Status: All components of this material are listed on the US "l'oxic Substances Control Act
(TSCA) inventory.

TSCA Section 12(b) - Export Notification: This material does not contain any components that are subject to the US Toxic
Substances Control Act (TSCA) Section 12(b) Expert Notitication requirsments.

Australian Inventory Status: This product contains only chemicals which are currently listed on the Australian Inventory of
Chemical Substances.

Canadiau Inventory Status: All comnponents of (his malerial are isled on the Canadian Domestic Substances List (DSL).
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Efifective Date: 8/15/07 635 THIN EPOXY RESIN Reichhold, Inc

Canadiann WHMIS: This material is classified by the Canadian Workplace Hazardous Material Information System as: D2A
(malerials causiug olher toxic 2[lecls. very loxic walerial) D2B (tualerials causing other loxic eflects. loxic malerial)

Europcan Inventory Status (EINECS): All components are sither listed or are exempt from being listed, on the EINECS
cliemical nvenlory.

Korean Inventory Status: This product contains only chemicals which are currently listed on the Korean Chemical Substances
List.

Additional International Information: This product contains only chemicals that are currently listed on the Chinese Inventory of
Existing Chemnical Substances.

This produet contains only chemicals that are currently listed on the Philippine Inventory of Chemicals and Chemical Substances.
This product contains one or more chemicals cirrently not on the Japanese Tnventory of Fxisting and New Chemical Substances.

California Proposition 65: W A RN IN G: This material contains a chemical known to the State of California to cause cancer
and hirth defects or other reproductive harm. Epichlorohydrin (CAS# 106-89-8)

Additional Canadian Regulatory Information: This product does not contain a substance present en the WHMIS Ingredient
Nisclosnre Tist (TTOT.) which is at or ahove the specified concentration limir.

This product has been classified in accordances with the hazard criteria of the Controlled Products Regulations and the MSDS
contains all the information raquuired by the Controlled Products Regnlarions.

16. OTHER INFORMATTON

MSDS No:

Reason Tssued: General update

Prepared By: Product Satety & Compliance Department
Approved Date: 08/15/07

Supersedes Nate: 04/15/04

Disclaimer: This information is provided in good faith and is correct to the best of Reichhold's knowledge as of the date hereof
and is designed to assist our customers: however. Reichhold makes no representation as to its completenass or accuracy. Our
products are intended for sale to industrial and commereial customers. We require customers to inspect and test our products betore
use and to satisfy themselves as to suitability for their specific applications. Anv use which Reichheld customers or third parties
make of this information. or any reliance on. or decisions made based upon it. are the responsibility of such customer or third party.
Reichhold disclaims responsibility for damages. or liability, of any kind resulting from the use of this information. THERE ARE
NO WARRANTIES OR. REPRESENTATIONS, EXPRESS OR IMI'LIED, INCLUDING THOSE OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THIS INFORMATION OR TO THE PRODUCT IT
DESCRIBES. IN NO EVENT SHALL REICHHOLD BE LIABLE FOR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.
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Appendix K: MSDS Reichhold 556 epoxy Hardener

(] — M ] Y] Distributed by:

REICHHOLD US Composites
Material Safety Data Sheet (561) 58&-1011

Revision Date: 22 Aug 2009 WWw.uscomposites.com
| 1. PRODUCT AND COMPANY IDENTIFICATION

s - R B s e aRAd P LEW 1 R mmmiw i 1

Product Description: 556 EpOXy Hardener (31)

SAP ID(s): 6708: 6709: 181313
Material Code:

Chemical Family: Modified Polyamine
Intended Use: Epoxy Resin Curing Agent

Manufacturer/Supplier: Emergency Telephone (Chemtrec) 1-600-424-3300
Reichhold, inc.

Corporate Headquarters Email: ProdSafe@reichhold.com
P.C. Box 13582

Research Triangle Park, NC 27709

USA

Tel +1-919-990-7500

Fax +1-919-767-8602

2. HAZARDS IDENTIFICATION

Emergency Overview:
DANGER!
Corrosive
Causes skin and eye buns
Harmful by inhalation
May cause irritation of respiratory tract
May cause sensitization by skin contact
May cause allergic respiratory reaction
May be harmful if swallowed

lAppearance: Straw Colored Physical State: Liquid Qdor: Amine
Primary Routes of Entry Skin contact, Ingestion, Inhalation, Eye contact, SKin absorption.
Acute Effects
Eyes: Corrosive to the eyes and may cause severe damage including blindness.
Skin: Corrosive. Causes burns. Severe skin irritation. May cause sensitization by skin contact. Can
be absorbed through skin.
Inhalation: Harmful if Inhaled and may cause delayed lung injury. Severe respiratory irritant. May cause
allergic respiratory reaction.
Ingestion: Moderately toxic. May be harmful if swallowed. Aspiration into lungs may cause chemical

pneumonia and lung damage. Ingestion causes burns of the upper digestive and respiratory
tracts. Ingestion is not an anticipated route of exposure for this material in industrial use.

Chronic Effects: May cause sensitization by inhalation. This material does not contain 0.1% or more of any
chemical listed by the International Agency for Research on Cancer (JARC), the National
Toxicology Program (NTP), or regulated by the Occupational Safety and Health Administration
(OSHA) as a carcinogen. Exposure to organic solvents during pregnancy may cause an
increased risk of birth defects.

Target Organ(s): Lungs, Eyes, Skin.

HMIS: Health: 3" Flammability: 1 Reactivity: 1
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| 3. COMPOSITION/INFORMATION ON INGREDIENTS
Compenent CAS-No Weight % Status
Poly(oxypropylene)diamine S046-70-0 455-47.5 Hazarcous
4-Nonyl phenol, branched 84852-15-3 33-35 Hazardous
Phenal, 4,4"-(1-methylethylidene)bis-, polymer with 68391-1&8-4 11.5-13.5 Hazarcous
(chloromethyljoxirans and 1-piperazineethanamine
1-Piperazinesthanamine 140-31-3 6-8 Hazarcous

4. FIRST AID MEASURES

Skin Contact:

Eye Contact:

Inhalation:

Ingestion:

Wash off immediately with plenty of water for at least 15 minutes. Remove and wash
contaminated clothing bafore re-usa. Get medical attention i7 irritation develops or persisis.

Move individual away from exposure. Immedately flush eyes with large quantities of clean
water for at least 15 minutes. Get immeciale meadical attention.

Remove victim to fresh air. Keep warm and cuist. |f not breathing, give artificial respraticn. If
breathing is difficult, give oxygen by trained perscnnel. GET IMMEDIATE MEDICAL
ATTENTICN.

Do not induce vomiting without medical advice. CORRCSIVE. ASFIRATICN HAZARD. Never
glve anything by mouth to an unconscleus person. GET IMMEDIATE MEDICAL ATTENTION.

5. FIRE-FIGHTING MEASURES

Flammability:

Suitable Extinguishing Media:

Hazardous Combustion Products:

Fire/Explosion Hazard:

Protactive Equipment and

Precautions for Firefighters:

NFPA Rating:

Health 3 Flammability 1

No cata available

Carhon dioxide (CC2), Foam, Dry chemical, Water spray, Do not use a solid water stream as it
may scatter and spread firs.

Carhon dioxide (C0O2), Carbon monoxide, Nitrogen cxidas (NOx), Ammenia.

Closed containers may rupture when exposed o extreme heat.

Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing.
Thoroughly decontaminate all profective equipment after use. Evacuate all persons from the
fire area to a safe location. IMove non-burning materlal, as feasible, to a safe location as soon

as possible. Fire fighters should he protected from potential explosion hazard while
extinguishing the Llazs. Use water spray 1o cocl fire-exposed coniainers.

Instability D

6. ACCIDENTAL RELEASE MEASURES

Personal Precautions:

Environmental Precautions:

Methods for Containment:

Methods for Clean-up:

Use personal protective equipment. Ensure adequate ventilation. Keep people away from and
upwind of spill/lzak.

Frevent further leakage cr spillage if safe to do so. Prevent product from entering drains. Do
not flush Into surface watar or sanitary sewer system.

Frevent spilled material from 1) contaminating soil. 2) entering sanitary sewears, storm sewers,
and drainags systems, and 3] entering bodies of water or ditches that lead to waterways.
Frevent spreading over a wide area (2.g. by containment or oil barriers).

Soak up with inert aksorbent maierial (e.c. sand, silica gel, acid binder, universal binder,
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7. HANDLING AND STORAGE

Handling:

Storage:

Avoid breathing vapors or mists. Avoid contact with skin, eyes and clothing. Remove and wash
contaminated clothing before re-use. Wash hands before breaks and immediately after
handling the product. Ensure adequate ventilation.

Keep containers tightly closed in a dry, cool and well-ventilated place.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Exposure limits

Contains no substances with occupational exposure limit values

Engineering Controls:

Personal Protective Equipment

Eye/face Protection:

Skin Protection:

Respiratory Protection:

Ensure adequate ventilation, especially in confined areas. Local ventilation may be required
during certain operations.

Wear safety glasses with side shields and a faceshield or goggles and a faceshield. Ensure
that eyewash stations and safety showers are close to the workstation location.
Gloves made of butyl rubber. Chemical resistant apron. Boots.

In case of inadequate ventilation wear respiratory protection.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance:

Qdor:

Qdor Threshold:

Physical State:

pH:

Flash Point:

Flash Point Method:
Autoignition Temperature:
Boiling Point/Range:
Freezing point:
Flammability Limits in Air

Lower:

Upper:
Specific Gravity:
Solubility:
Evaporation Rate:
Vapor Pressure:
Vapor Density:
Percent volatile:
VOC Content:
Viscosity:

Straw Colored
Amine

Not available
Liquid

Not applicable
>93°C /> 200°F
Seta closed cup
Not available
>200°C [ < 392°F
Not available

Not available

Not available

0.964 -0.988 @ 25°C
Insoluble

Not available

Not available

>1 (Air=1)

Not applicable

Not available

200 - 400 cps @ 25°C

10. STABILITY AND REACTIVITY

Chemical Stability:

Conditions to Avoid:

Incompatible Materials:

Stable under normal conditions.

Keep away from open flames, hot surfaces and sources of ignition. Contamination by those
materials referred to under Incompatible materials. Temperatures above 300°C.

Strong oxidizing agents. Acids. Halogenated compounds. Aldehydes. Copper. Copper alloys.

Hazardous Decomposition Products: Carbon monoxide. Carbon dioxide (CO2). Hydrocarbons. Nitrogen oxides (NOx). Ammonia.
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Hazardous Polymerization:

Hazardous polymerisation does not cccur.

11. TOXICOLOGICAL INFORMATION

Acute Toxicity
Poly(oxypropylene)diamine

LD50 Qral

LD50 Dermal
4-Nony! phenol, branched

LD53 Cral
1-Piperazineethanamine

LD50 Oral

LD50 Dermal

Irritation and corrosion
Sensitizaticn:

Chronic Toxicity

Target Crgan(s):

2855 mg/kg - rat
2980 mg'kg - rabbit

1300 mg/kg - rat
2140 mg/kg - rat

894 mg'kg - rabbit

Corrcsive to eyes. Corrosive (o skin.
May cause sensitization by inhalation and skin contact

Lungs, Eyes, Skin.

12. ECOLOGICAL INFORMATION

Marine Pollutant:

Ecotoxlclty
Ecotoxicity effects:

Bioaccumulation:

Poly{oxypropylene)diamine
Freshwater Fish

NONYL FHENOL.

Harmful to aquatic organisms. May cause long-term adverse effects in the aquatic

environment.
No information available.

| CA0 (96h) = 220 - < 460 mail (gnlden orfe)

1-Piperazineethanamine 556 Epoxy Hardener (2:1)

Taxicity tc Aguatic Invertebrates

CC50 (40n) 32 - 50 mg/l {(dapnnia magna)

13. DISPOSAL CONSIDERATIONS

Waste Disposal Method:

Contaminated Packaging:

US EPA Waste Number:

NQT A RCRA HAZARDOUS WASTE: \When discarded In Its purchased farm, thls material
viould not be regulated as a RCRA Hazardous waste under 4C CFR 251.

Empty containers should be taken for local recycling, recovery or waste disposal.

Not applicable.

14. TRANSPORT INFORMATION

DoT

UN-No
Froper Shipping Name:
Technical Name:

UNZ2735

POLYAMINE, LIQUIZ, CORROSIVE, N.O.S.
NONYL FHENOL

POLYCXYALKYLENE AMINEE
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14. TRANSPORT INFORMATION

TDG

IATA

Hazard Class
Packing Group
Marine Pollutant:
NAERG:

UN-No
Proper Shipping Name
Technlcal Name:

Hazard Class
Packing Group
NAERG:

UN-No
Proper Shipping Name
Technical name:

Hazard Class
Packing Group
Packing Instructions
NAERG:

IMDG/IMO

UN-No
Proper Shipping Name
Technlcal Name:

Hazard Class
Packing Group
EmS No.
NAERG:

8

1l

NONYL PHENOL
153

UN2735

PCLYAMINES. LIQUID, CORROSIVE, N.Q.S.
NONYL PHENOL

PCLYOXYALKYLENE AMINES

CLASS 8

PG

153

UN2735

PCLYAMINES. LIQUID, CORROSIVE, N.O.S.
NOMNYL PHENOL

PCLYOXYALKYLENE AMINES

8

1l

818, 820

163

UN2T735

PCLYAMINE, LIQUID, CORROSIVE, N.O.S.
NONYL PHENOL

PCLYOXYALKYLENE AMINES

CLASS 8

PG

F-A, 5-E

153

15. REGULATORY INFORMATION |

International Inventories

TSCA Inventary Status:

Canadian Inventory Status:

Australian Inventory Status:

Korean Inventory Status:

Philippine Inventory:

Japan ENCS:

Chinese IECS:

All components of this material are listed on the US Toxic Substances Control Act (TSCA)
inventary.

All components of this material are listed on the Canadian Domestic Substances List (DSL).

This product contains only chemicals which are currently listed on the Australian Inventory of
Cnemical Substances.

This product contains only chemicals which are currently listed on the Korean Chemical
Substances List.

This product contains ons or more chemicals cumrently not cn the Philippine Inventory of
Chemlcals and Chemical Substances.

This product contains only chemicals that are currently listed on the Japanese Inventory of
Existing and New Chemical Substances.

This product contains only chemicals that are currantly listed on the Chinzse Inventory of
Existing Chemical Substances.
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New Zealand Inventory: This product contains only chemicals which are currently listed on the New Zealand Inventory
of Chemicals.

U.S. Federal Regulations

SARA 313

Section 313 of Title Ill of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372.

SARA 311/312 Hazardous Categorization

Acute Health Hazard Yes
Chronic Health Hazard Yes
Fire Hazard No
Sudden Release of Pressure Hazard No
Reactive Hazard No

TSCA 12(b) - Export Notification:
This material does not cantain any components that are subject to the US Toxic Substances Contral Act (TSCA) Section 12(b) Export
Natification requirements.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contain any HAPs.

CERCLA

This product does not contain components that have been assigned reportable quantities.
State Regulations

California Proposition 65

This product does not contain any Proposition 65 chemicals.

Canada
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS
contains all the information required by the CPR.

WHMIS Hazard Class D2A Very toxic materials

E Corrosive material
[ Component [ CAS-No | WHMIS Ingredient Disclosure List |
[ 1-Piperazineethanamine [ 140-31-8 [ 1%

| 16. OTHER INFORMATION |

Prepared By: Reichhold Product Regulatory Department

Revision Date: 22 Aug 2009

Revision Number: 1

Revision Summary None

Former date: 6 September 2002

556 Epoxy Hardener (3:1) Revision Date: 22 Aug 200

This information is provided in good faith and is correct to the best of Reichhald's krowledge as of the date herscf and is designed to
assist our customers: however, Reichhcld makes no representation as to its completeness or accuracy. Our products are intended for
sale to industrial and commercial customers. We reguire customers to inspect and test our products before use and to satisfy
themselves as to suitability for their specific applications. Any use which Reichhold custemers or third parties make of this information,
ar any reliance on, or decisions made based upon it, are the responshbility of such customer or third party. Reichhold disclaims
responsibility for damages, or liakility, of any kind resuting from tne use of this information. THERE ARE NO WARRANTIES OR
REFRESENTATIONS, EXPRESS OR IMPLIED, INCLUDING THOSE OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE WITH RESPECT TO THIS INFORMATION OR TO THE PRODUCT IT DESCRIBES. IN NO EVENT SHALL REICHHOLD
SE LIABLE FCR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

End of MSDS
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Appendix L: Urban Concept Wheel Calculations for Materials Required and
Cost

Notes:
All prices from www.uscomposites.com

y. = yard of carbon clot/z

Based on the materials used for the sea:

2
1.3353 yC/layer (4 layers) = 5.34129 y?

5.34129 y2 ( 31b ) S5w/heels \ 2670645 }’cz/
31b 1wheel)\1wrheel set)] = w/eel set

For 3K 5.7 0z 2x2 twill cloth:
Using width,w = 60 in = 1.66667 y
A=lw
A = 26.70645 y?
26.70645 y2 = 1.66667y, * |

=17y,

$40.50
17y, < ) = $688.50 + s/Zipping & /andling

Cc

Using width,w =50 in = 1.38889 y
26.70645 y2 = 1.28889 y, * |

=20y,

$29.50
20y, ( > = $590 + s/ipping & /andling

c

For resin required:
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(567 ml) ( 151b

2 ) — 2835 ml

w/zeel set
Due to the 3:1 resin to hardener ratio:
0.75(2835 ml) = 2126.25 = 0.5617 gal of resin

0.25(2835 ml) = 708.75 ml = 23.97 fl oz of /iardener

We had 1 gallon of hardener and 42.6 fl oz of hardener that was purchased for the seat.
We used 0.1849 gallons of resin and 10.1442 fl oz of hardener on the seat.
So:

(0.5617 + 0.1849)gal of resin = 0.7466 gal < 1 gallon

(10.1442 + 23.97) fl oz of /ardener = 34.1142 0z < 42.6 fl oz



Appendix M: UCV Wheel FMEA

Responsibility and Target

Part Function Failure mode Failure Effect(s) Failure Cause(s) Current controls RPN Recommended actions . Action taken
Completion Date
Permanent
Tightening Crushes under bolt defqrmatlon leading ' Exc'esswe Torque Wrench 6 None None None
wheel on load to imbalance and tightening torque
misalignment
Aluminum Difficult to remove 3 petal spline
Center wheel from hub, p p
Center Seizes with ermanent damage Excessive torque design, minimal
Acceleration P . & q clearance 18 None None None
Hub resulting in at the wheel
between hub and
replacement of
center
components
Static Loading Shearing bolt Reduced support of Bolt diameter too Use larger bolts 12 None None None
lateral loads small
Improper driver
Tightening . Inability to further p P o Use star or hex
Strip head pattern . size or over- 16 None None None
Bolts tighten or loosen bolt key heads
torqued
Exposure to high
. Weakening of bolt moisture levels or Use Stainless Steel Check bolts for corrosion Cal Poly Supermileage
Bolts Corrosion ) . 150 . None
Normal material acidic or coated bolts annually Vehicle Team
Operation environments
P Bolt falls out or does Use Lock-tight on
Loosening not support the Excessive vibration bolts and torque 70 None None None
loading to 60 Ib-ft
Excessive
Tightening . Loss of strength in X . v Check bolts annually for Cal Poly Supermileage
Fatiguing mounting and None 48 . L . None
Bolts bolt signs of fatiguing Vehicle Team
removal of bolt
Cracks developing and Static 'testlng prior tc.)
Tightenin spreading durin Excessive torque completion of production
g g Crack Propagation P . & & . . q. Torque to 60 Ib-ft 128 run, listen for cracking James Scaini, 3/1/2010 None
Bolts operation of the during tightening L .
sound during tightening of
wheel
bolts
Vertical Load wheel to 125% of
C(::blgan Normal Vertical loads cause Higher vertical :1)1aaxivr\111uer$1 caolculat/;:;
. . Buckling bottom portion of dynamic loads None 48 . . David Lewis, 3/1/2010 None
Disk Operation vertical dynamic loads
carbon to buckle than calculated . .
during testing
. Load wheel to 125% of
Loss of driver Higher lateral maximum calculated
Cornering Excessive deflection dynamic loads None 24 David Lewis, 3/1/2010 None

response to road

than calculated

lateral dynamic loads
during testing

S = Severity Rating (1 = No Danger, 10 = Critical Danger)

O = Occurance Rating (1 = Rare, 10 = Frequently)
D = Detection Rating (1 = Low Chance To Escape Detection, 10 = High Chance)
RPN = Risk Priority Number (Desired Value < 80)
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Dents or cracks that Use tire mounting
Tlre' Denting or cracking affect fiber strer'1gth High concgntrated dt'ev'lce that has 18 None None None
Mounting on the outer rim loads on rim edge minimal contact
portion with rim surface
. . Load wheel to 125% of
Rim profile shifts, tire Higher vertical maximum calculated
Carbon Rim Cornering Excessive deflection P ! dynamic loads None 40 . . David Lewis, 3/1/2010 None
loses pressure vertical dynamic loads
than calculated . .
during testing
Tire will absorb much of
Cracks develop due to Impact with sharp ! YVI . !
. . . . the impact loading and
Impacts Crack Propagation impacts with sharp objects or None 105 L . None None
. distribute it over the
objects or potholes wheel

S = Severity Rating (1 = No Danger, 10 = Critical Danger)

O = Occurance Rating (1 = Rare, 10 = Frequently)
D = Detection Rating (1 = Low Chance To Escape Detection, 10 = High Chance)
RPN = Risk Priority Number (Desired Value < 80)
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Appendix N: UCV seat FMEA

. . . . Current . Responsibility and Target Action
Function Failure mode Failure Effect(s) Failure Cause(s) RPN Recommended actions P y -
controls Completion Date taken
Seat no longer Too much
Back of Seat . . .
Buckles structural, need weight on back None 72 Rest seat against rear firewall Casey Alvernaz, 3/1/2010 None
replacement of seat
Loss of rigidity,
. . giary Sharp bracket Use large brackets that extend up the
Bracket driver discomfort Rest seat back I
. . corners, too . . back wall of the seat, eliminate any
punctures seat during operation, . against rear fire 80 Casey Alvernaz, 3/1/2010 None
4 Braki bottom detachment of much weight on wall sharp edges where the bracket could
Hard Braking back of seat puncture
seat
. Puncture in Use of twill
Crack propagation
. . carbon layer, weave cloth, no
Cracks form in leading to . . .
. excessive stress sharp objects in 14 None None None
carbon structural failure . .
causing resin to contact or near
of part -
yield seat
Too much
Air gaps weight on
introduced bottom or back
Sitting in seat Foam crushes R None 20 None None None
delamination of of seat, carbon
carbon from foam deflecting too
much
Fiber
Too much driver orientation
Hard movement, loss of incorrect
. Seat twists ! " Seat Belts 12 None None None
Cornering responsive feel to seatbelts don't
driver hold driver back

in seat correctly

S = Severity Rating (1 = No Danger, 10 = Critical Danger)

O = Occurance Rating (1 = Rare, 10 = Frequently)

D = Detection Rating (1 = Low Chance To Escape Detection, 10 = High Chance)

RPN = Risk Priority Number (Desired Value < 80)

Page|94



Page|95

Appendix O: UCV seat DVPR

Cal Poly Supermileage DVP+R NUMBER:
— CUSTOMER:  Vehicle Team 101 DEPT.
_ _ v REPORT DATE:
PART NAME:  Seat 1/22/2010 PLAN ORIGINATOR: Verent Chan
MODEL COMPONENT /
YEAR: 2010 ASSEMBLY: Seat MANAGER: Sarah Harding
REPORTING ENGINEER:
Item Specification or Test SAMPLES TIMING TEST RESULTS
No Clause Reference - Acceptance Responsibility Test TESTED
Test Description Criteria Stage Test Quantity Quantity NOTES
Quantity | Type | Start date Finish date Result Pass Fail
1 Weight Weight seat on scale accurate to +/- 7.520.5 Ibs CCC PV 1 C 2/24/2010 2/24/2010 P 1 0
loz
Seatbelt Driver sits in seat with seatbelts No SMVT PV 1 C 2/24/2010 2/24/2010 N/A N/A N/A
2 Compatibility attached Interference
Frame Mount seat on frame and check No SMVT PV 1 C 2/24/2010 2/24/2010 N/A N/A N/A
3 Compatibility dimensions Interference
4 Weight Capacity Load seat to 250Ib No Failure SMVT PV 1 C 2/24/2010 2/24/2010 N/A N/A N/A
Adjustable Range Move seat forward and backward 3 locations 2 SMVT PV 1 C 2/24/2010 2/24/2010 N/A N/A N/A
5 inches apart
Bending Test Load seat back with 250Ib distributed No Failure CCC PV 1 C 2/24/2010 2/24/2010 P 1 0
6 load
Comfort Driver evaluates comfort of seat for | No Discomfort CCC PV 1 C 2/25/2010 2/25/2010 P 1 0
7 45 minutes
8
9
10
11




Appendix P: UCV Wheel DVPR
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Cal Poly Supermileage DVP+R NUMBER:
— CUSTOMER: Vehicle Team 101 DEPT.
e II PART REPORT DATE:
y 4 Y 4 NAME: Wheel 1/22/2010 PLAN ORIGINATOR: Verent Chan
o |\ MODEL COMPONENT
. YEAR: 2010 ASSEMBLY: Wheel MANAGER: Sarah Harding
REPORTING ENGINEER:
Iltem Specification or Test SAMPLES TIMING TEST RESULTS
No Clause Reference - Acceptance | Responsibility Test TESTED
Test Description Criteria Stage Start Test Quantity Quantity NOTES
Quantity | Type date Finish date Result Pass Fail
1 Tire Compatibility Mount tire and inflate Holds CCC PV 1 C 3/1/2010 3/1/2010 F 0 1 Tire would not seat at
Pressure specified pressure
2 Tire Pressure Inflate to 60 psi No Failure CCC PV 1 C 3/1/2010 3/1/2010 P 1 0 Tire not seated at 60 psi
3 Weight Weigh wheel on a scale with +1 oz 3+0.5 Ibs CCC PV 1 C 3/1/2010 3/1/2010 F 0 1 Weight =4.41bs
resolution
4 Frame/Rotor Mount wheel on axle, check No CCC PV 1 C 3/1/2010 3/1/2010 N/A N/A N/A
Compatibility clearances Interference
Lateral Force Place car on inclined ramp to produce No Failure CCC PV 1 C 3/1/2010 3/1/2010 N/A N/A N/A
5 125% of theoretical ~maximum
cornering loads
Axial Force Raise one wheel to create artificial | No Failure CCC PV 1 C 3/1/2010 3/1/2010 N/A N/A N/A
6 uneven weight distribution
Concentric with | Spin wheel, use gauge to determine +0.0625" CCC PV 1 C 3/1/2010 3/1/2010 N/A N/A N/A
7 | Axle alignment Deflection
8 Impact Loading Drive vehicle into uneven pavement No Failure SMVT PV 1 C 3/1/2010 3/1/2010 N/A N/A N/A
Bolt Inspection Remove Bolts, check for corrosion No SMVT PV 1 C 3/1/2011 3/1/2011 N/A N/A N/A
9 and wear Irregularities
found
10
11
12
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Appendix Q: UCV Wheel Model Drawings:
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Appendix R: Molding Resin Technical Data Sheet

PRODUCT BULLETIN
EL-325-1 HTTC
EPOXY COMPOSITE i
TOOLING COMPOUND /\ DT— CH
SLOW WORK LIFE Plastic Systems

LIGHT-WEIGHT, HIGH TEMP
800.344.7776 ADTECH@CASSpolymers.com

31200 Stephenson Hwy Madison Heights Ml 48071 Ph 248.588.2270 Fax 248.588.5909

DESCRIPTION

EL-325-1 HTTC is an epoxy "Composite Tooling Compounds” designed for the construction of tools, jigs, models and other
tooling that will see elevated temperatures. This system had a slower working life that the standard EL-325 HTTC. Use of
EL-325-1 HTTC allows a considerable time and labor saving in tool construction. The neutral resin and black hardener give
a uniform dark gray color when thoroughly mixed that is pliable and can be applied to the tool surface without crumbling or
cracking.

Tools constructed with EL-325-1 HTTC maintain a very high degree of dimensional stability, are light weight, can be
machined as well as drilled and tapped. All of these qualities allow EL-325-1 HTTC to be used in a variety of tooling
applications. EL-325-1 HTTC offers the toolmaker a safer alternative to standard epoxy laminates since both resin and
hardener are syntactic, therefore, eliminating splash hazards. EL-325-1 HTTC does not contain MDA or YCHD, however,
the hardener is corrosive and gloves should be wom when handling.

HANDLING CHARACTERISTICS @ 25°C/77°F EL-325-1 HTTC
MRt G P ar S B WG s mccmmenmsmsm s At e A S R S R A e TR R IR S TR SR T 100R/28H

Mix Ratio (parts by volume).. 3.8RMH
DERSIHY (MRS mnmmmmeammsmesnnmnmm ar R AT AR SRR s a2 g B Sgal
DERSIEYIMIKED. nimmmannmmmeanmammE AR AT AT AT saRssamneeaa- BIO 2B DS ISR
Specific Gravity . 0.633 gmsfcc
Viscosity ..... Syntactic Dough
Work Life ... 3 hours
Demold Time.. 16-24 hours
Mixed Color................. Dark gray
Peak Exotherm (1 Ib mass, 6" deep) . 115°F

Shelf Life Resin & Hardener (in original unopened containgr) ..o 1 year

PHYSICAL PROPERTIES (Cast Bar: 5" x 2" X 2"

Ultimate Flexural Strength (ASTIM D-790.92) ... 9,600 psi
Flexural Modulus (ASTM D-790.92)...........c....... 540,000 psi
Ultimate Compressive Strength (ASTM D-695.91). ... eenn. 4, 900 S
Coefficient of Thermal Expansion (ASTM-696.91) 0.9 % 10° infin °F
Heat Deflection Temperature (ASTM D-648.82) ... 218°C/425°F

HBIANMESS. ... ettt et b e e er e et e eh et h e er e ek e er e e e 65-70 Shore D
APPLICATION GUIDELINES
NOTE: The following abbreviated construction sequence will vary depending on intended application.

Apply any ADTECH High Temp Epoxy Surface Coat to prepared model. Allow to tack. Apply a second surface coat and
allow to tack. Apply ADTECH High Temp Laminating system to surface coat. Laminate 3 layers 10 oz. tooling cloth.
Prepare EL-325-1 HTTC. Mix catalyzed EL-325-1 HTTC with catalyzed laminating system at 50/50 parts-by-volume. Brush
this bond coat onto the laminate (this helps to ensure an air free tool). Press compound out in all directions until you get the
desired thickness. Add new tooling compound to existing tooling compound, therefore, eliminating any possible air pockets.
Let the tooling compound firm up (3 hrs) then proceed to brush ADTECH High Temp Laminating system on top of the tooling
compound. Apply an additional 3 layers of 10 oz. cloth forming a sandwich construction. Allow to cure/post cure and de-
mold.

Continied on next page
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Page 2 of 2
EL-325-1 HTTC Tech PRODUCT BULLETIN CONT.

POST CURE SCHEDULE
PRELIMINARY CURE SCHEDULE

On Model Cure for 24 hours @ 25°Cf77°F
+ 6 hours 66°C/150°F

You may attach support structure and demold tool after this schedule is completed.

POST CURE SCHEDULE

After completing the Preliminary Cure Schedule, complete the following:

1 hour @ 93°C/200°F

1 hour @ 121°C/250°F
1 hour @ 149°C/300°F
3 hours @ 177°C/350°F

Install thermocouples to monitor the mold temperature throughout the post cure process.
HEATING AND COOLING RATES DURING POST CURE

Always allow tools made with ADTECH high temp systems to gel at room temperature before subjecting them to post cure
(24 hours is usually sufficient). This will prevent excessive exotherm and shrinkage from occurring.

VWhen oven curing laminated molds, always place the mold in a room temperature oven increasing the temperature at a rate
of no more than 13°C/25°F per hour. When finished, allow molds to remain in the heated oven, decreasing the temperature
at a rate of no more than 27°C/50°F per hour. Never remove the mold from the oven until temperature has been lowered to
less than 38°C/00°F.

Once a mold has been heat cured and conditioned, during the production curing cycles of composite parts you can revert to
the heating/cooling rates prescribed for the production pre-preg or two component resin.

EL-325-1 HTTC TechRevised 12/13/08
Supercedes 12/01/05

Seller cannot anticipate all conditions under which seller's products, or the products of other manufacturers in combination with seller's products, may he used. Seller accepts no
responsibility for results obtained by the applic ation of seller's products or the safety and suitability of seller's products, either alone or in combination with other products. Users are advised
to make their own test to determine the safety and suitahility of each such product or product combination for their own purposes. Unless otherwise agreed in writing, seller delivers the
products without warranty of any nature, stated ar implied, and buyers and users assume all responsibility and liability for loss or damage arising from the handling and use of said products,
whether used alone orin combination with other products. Purchaser waives any claim against seller for direct, indirect, consequential or exemplary damages against seller, including without
limitation, damage which may incur as a result of purchaser's use or misuse of the product or the productsfailure to conform to any particular specific ations,
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Appendix S: MSDS EL-325-1 Epoxy composite tooling compound

Page 1 of 5 Revision Date: 08/16/07

MATERIAL SAFETY DATA SHEET

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY
PRODUCT NAME: EL-325-1 HTTC Resin
CHEMICAL NAME: Epoxy Resin Blend, Bisphenol A/F reaction products with Epichlorhydrin

MANUFACTURER: CASS POLYMERS OF MICHIGAN, INC.
815 WEST SHEPHERD STREET
CHARLOTTE MI 48813 USA

INFORMATION PHONE:  (248) 588-2270
EMERGENCY PHONE: (703) 527-3887(Call Collect)

2. COMPOSITION/INFORMATION ON INGREDIENTS

Hazardous Materials Information Sistem i i]njted States)

Physical Hazard 0
Hazard Codes: *=Chronic Hazard O=Minimal Hazard, 1=Slight Hazard, 2=Moderate Hazard, 3=Serious Hazard, 4=Severe Hazard

Material Composition

EINECS/ELINCS

Component CASNO o Percent

Reaction Product of Bisphenol-A and Epichlorhydrin 25068-38-6 Polymer 20% - 25%
Tris-Hydroxyphenylethanetriglycidyl ether 87093-13-8 Not Available 4% - 5%
Neopentyl Glycol Diglycidyl Ether 17557-23-2 Not Available 1% - 5%
Reaction product of Pheno.l»F ormaldehydc Novolac with 28064-14-4 Polymer S04 - 0%

Epichlorohydrin

Aluminum Oxide 1344-28-1 Not Available 50% - 60%

Sodium Borosilcate Glass 65997-17-3 Not Available 1% - 5%

Hazardous Materials are listed if present in concentrations of 1.0% or higher. Materials posing a possible Chronic Health Risk are
listed at concentrations of 0.1% or higher. Materials listed in section 2 are not necessarily hazardous. See section 8-Exposure
Controls/Personal Protection, and section ll-ToxicoloEical Information for complete hazard/exposure limit information

3. HAZARDS IDENTIFICATION

wREmergency Overview ¥
Moderate skin irritant. Mild eye irritant. Mild respiratory tract irritant. May cause skin sensitization.

EC Classification(s): Xi-Irritant
Risk Phrases: ~ R36/38: Irritating to eves and skin
R43:  May cause sensitization with skin contact
(See Section 15-REGULATORY INFORMATION for complete risk phrases.)

ROUTES OF EXPOSURE
Eye Contact
Skin Contact
Ingestion
EXPOSURE STANDARDS
No standards established for the product. Maintain air contaminant concentrations in the workplace at the lowest feasible
levels.
HEALTH HAZARDS
Moderate skin irritant.
Mild eye irritant.
Mild respiratory tract irritant.
May cause skin sensitization.
TARGET ORGANS
Skin

Page 1 of 5 EL325-1HTTC-R
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Page 2 of 5 Revision Date: 08/16/07

SIGNS AND SYMPTOMS OF EXPOSURE (Acute effects)
Contact with eyes may cause mild irritation and discomfort. Contact with skin causes irritation, redness and discom fort which
is transient. Inhalation of mists may cause irritation in the respiratory tract. Inhalation of vapors from heated material may
cause irritation in the respiratory tract. Coughing and chest pain may result.

SIGNS AND SYMPTOMS OF EXPOSURE (Possible Longer Term Effects)
Repeated and/or prolonged exposure may cause allergic reaction/sensitization. Repeated and/or prolonged exposures may
result in: adverse skin effects (such as rash, irritation or corrosion).

MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE
Skin disorders and Allergies

CARCINOGENS UNDER OSHA, ACGIH, NTP, IARC, OTHER

This product contains no carcinogens in concentrations of 0.1 percent or greater.

4. FIRST AID MEASURES

Never give fluids or induce vomiting if patient is unconscious or is having convulsions.

Inhalation
Move effected persons to fresh air; if effects occur, consult a physician.

Skin Contact
Continued and thorough washing in flowing water for at least 15 minutes is imperative while removing contaminated clothing.
Prompt medical consultation is essential. Wash clothing before reuse. Destroy contaminated leather items.

Eye Contact
Wash immediately and continuously with flowing water for at least 15 minutes. Remove contact lenses after the first 5
minutes and continue washing. Obtain prompt medical consultation, preferably from an ophthalmologist.

Ingestion
If swallowed, call a physician immediately. Remove stomach contents by gastric suction or induce vomiting only as directed
by a physician or medical personnel. Do not give anything by mouth to an unconscious person.

Note to Physician
No specific antidote. Treatment of exposure should be directed at the control of symptoms and the clinical condition of the
patient.

5. FIRE FIGHTING PRECAUTIONS

Extinguishing Media

Water fog or fine spray. Carbon dioxide. Alcohol resistant foam. Dry chemical fire extinguishers.

Hazardous Combustion Products
May generate toxic or irritating combustion products. Sudden reaction and fire may occur if product is mixed with an
oxidizing agent.

Protection of Firefighters
Wear positive-pressure self-contained breathing apparatus and protective fire fighting clothing (includes fire fighting helmet,
coat, trousers, boots and gloves.)

6. ACCIDENTAL RELEASE MEASURES
Personal Precautions
Wear adequate personal protective equipment, see Section 8, EXPOSURE CONTROLS/PERSONAL PROTECTION.
Methods of Cleaning Up
Large spills: Contain with dike. Pump into suitable and properly labeled containers.
Small spills: Dilute with water and recover or use non-combustible absorbent material/sand and shovel into appropriate
containers.

7. HANDLING AND STORAGE

STORAGE
Keep away from: oxidizers. Keep in cool, dry, ventilated storage areas and in closed containers.
HANDLING
Avoid contact with skin or eyes. Avoid breathing of vapors. Handle in well-ventilated workspace. When handling, do not eat,
drink, or smoke.
OTHER PRECAUTIONS
Emergency showers and eye wash stations should be readily accessible. Adhere to work practice rules
established by government regulations (e.g. OSHA).

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Hazardous Component Control Parameters —

Component CAS. No. EINECS Percent Exposure Limits Source
Sodium Borosilcate 65997-17-3 Not 1% - 5% Smg/m® TWA respirable dust, OSHA

Page 2 of 5 EL325-1THTTC-R
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Glass Available 5 mg/m® TWA total inhalable dust ACGIH
. : Not o 5 15mg/m® TWA respirable dust, OSHA
Aluminum Oxide 1344-28-1 Availsble | 3070~ 60% 10 mg/m® TWA total inhalable dust ACGIH
-No Further Data Available-
EYE PROTECTION

Chemical safety glasses. A full-face shield and vapor respirator is recommended for operations involving spraying or other
operations placing this material under pressurized conditions.
HAND PROTECTION
Neoprene rubber gloves. Impermeable gloves. Nitrile rubber gloves. The breakthrough time of the selected
glove(s) must be greater than the intended use period.
RESPIRATORY PROTECTION
Not required under normal conditions and in a well-ventilated workplace. At elevated temperatures, a cartridge mask
National Institute for Occupational Safety and Health (NIOSH) approved for organic vapors may be appropriate
PROTECTIVE CLOTHING
Long sleeved clothing.
ENGINEERING CONTROLS
No specific controls needed. Heated material
WORK AND HYGIENIC PRACTICES
Provide readily accessible eye wash stations and safety showers. Wash at the end of each work shift and before eating,
smoking or using the toilet.
NOTICE: The selection of a specific glove for a particular application and duration of use in a workplace should also take into account
all requisite workplace factors such as, but not limited to: Other chemicals which may be handled, physical requirements (cut/puncture
protection, dexterity, thermal protection), as well as the instructions/specifications provided by the glove supplier.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance : Thixotropic Paste
Color: Brown to Tan
Odor: Epoxy Odor
Specific gravity : 0.69-0.82
Vapor pressure: Not Determined
Boiling point/range : Not Determined
Freezing point/range : Not Determined
Water solubility : Liquid Components are Not Readily Soluble in Water
pH: Not Determined
Flash point : Not Determined
Auto-ignition temp. : >300 deg.C
Flammability-LFL : Not Determined
Flammability-UFL : Not Determined
% volatile: 0 o/, (0%)
10. STABILITY AND REACTIVITY
CHEMICAL STABILITY
Stable
CONDITIONS TO AVOID (if unstable)
Not applicable

INCOMPATIBILITY (Materials to Avoid)
Oxidizing Agents (i.e. perchlorates, nitrates etc.). Sodium or Calcium Hypochlorite. Reaction with peroxides
may result in violent decomposition of peroxide possibly creating an explosion.
HAZARDOUS DECOMPOSITION PRODUCTS (from burning, heating, or reaction with other materials).
Carbon Monoxide in a fire. Carbon Dioxide in a fire. Irritating and toxic fumes at elevated temperatures.
HAZARDOUS POLYMERIZATION
Will not occur
CONDITIONS TO AVOID (if polymerization may occur)
Not applicable

11. TOXICOLOGICAL INFORMATION

Acute toxicity
This finished product has not been tested to determine individual toxicological/ecological limits. Individual components of
this mixture have been independently tested by the raw material manufacturers and any known results have been presented
below. The results for the mdividual components may not be representative of the toxicity of this finished product.

Page 3 of 5 EL325-1THTTC-R
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Glass Available 5 mg/m® TWA total inhalable dust ACGIH
. : Not o 5 15mg/m® TWA respirable dust, OSHA
Aluminum Oxide 1344-28-1 Availsble | 3070~ 60% 10 mg/m® TWA total inhalable dust ACGIH
-No Further Data Available-
EYE PROTECTION

Chemical safety glasses. A full-face shield and vapor respirator is recommended for operations involving spraying or other
operations placing this material under pressurized conditions.
HAND PROTECTION
Neoprene rubber gloves. Impermeable gloves. Nitrile rubber gloves. The breakthrough time of the selected
glove(s) must be greater than the intended use period.
RESPIRATORY PROTECTION
Not required under normal conditions and in a well-ventilated workplace. At elevated temperatures, a cartridge mask
National Institute for Occupational Safety and Health (NIOSH) approved for organic vapors may be appropriate
PROTECTIVE CLOTHING
Long sleeved clothing.
ENGINEERING CONTROLS
No specific controls needed. Heated material
WORK AND HYGIENIC PRACTICES
Provide readily accessible eye wash stations and safety showers. Wash at the end of each work shift and before eating,
smoking or using the toilet.
NOTICE: The selection of a specific glove for a particular application and duration of use in a workplace should also take into account
all requisite workplace factors such as, but not limited to: Other chemicals which may be handled, physical requirements (cut/puncture
protection, dexterity, thermal protection), as well as the instructions/specifications provided by the glove supplier.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance : Thixotropic Paste
Color: Brown to Tan
Odor: Epoxy Odor
Specific gravity : 0.69-0.82
Vapor pressure: Not Determined
Boiling point/range : Not Determined
Freezing point/range : Not Determined
Water solubility : Liquid Components are Not Readily Soluble in Water
pH: Not Determined
Flash point : Not Determined
Auto-ignition temp. : >300 deg.C
Flammability-LFL : Not Determined
Flammability-UFL : Not Determined
% volatile: 0 o/, (0%)
10. STABILITY AND REACTIVITY
CHEMICAL STABILITY
Stable
CONDITIONS TO AVOID (if unstable)
Not applicable

INCOMPATIBILITY (Materials to Avoid)
Oxidizing Agents (i.e. perchlorates, nitrates etc.). Sodium or Calcium Hypochlorite. Reaction with peroxides
may result in violent decomposition of peroxide possibly creating an explosion.
HAZARDOUS DECOMPOSITION PRODUCTS (from burning, heating, or reaction with other materials).
Carbon Monoxide in a fire. Carbon Dioxide in a fire. Irritating and toxic fumes at elevated temperatures.
HAZARDOUS POLYMERIZATION
Will not oceur
CONDITIONS TO AVOID (if polymerization may occur)
Not applicable

11. TOXICOLOGICAL INFORMATION

Acute toxicity
This finished product has not been tested to determine individual toxicological/ecological limits. Individual components of
this mixture have been independently tested by the raw material manufacturers and any known results have been presented
below. The results for the individual components may not be representative of the toxicity of this finished product.

Page 3 of 5 EL325-1HTTC-R
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0O5HA Hazard Communication Standard (29CFR1910.1200) hazard class(es)
Irritant. 3 ensitizer.
EPA SARA Title III Section 312 (40CFR370) hazard chss
Immediate Health Hazard Delayed Hedth Hazard
EFA SARA Title III Section 312 (40CFR372) toxic chemicals above “de minimis" level are
Hone
STATE REGULATIONS
PROPOSITION 65 SUBSTANCE 5 (component(s) known to the State of California to cause cancer and/or rep roductive toxicity
and subject to warning and discharge requiremenis under the " Safe Drinking Water and Toxic Enforcement Actof 1986™)
Hone
NEW JERSEY TRADE SECRET REGISTRY NUMBER(S)
Hone
CANADIAN REGULATIONS
DSL
Included on Inventory.
WHMIS HAZARD CLASSIFICATION
Class D Division 2B
WHMIS INGREDIENT DISCLOSURE LIST
Hone
WHMIS TRADE SECRET REGISTRY NUMBER(S)
Thisprod uct hash een classified in accordance with the hazard criteria of the CPR and the M ED 5 contains all the
information requived by the CPR.
Hone
WHMIS SYMBOLS

EUROPEANECONOMIC COMMUNITY (EEC)
EINECSELINCS MASTER INVENTORY

Inclpded on EINECS inventory of palymer substance, moonomers included on EINECS imventory or no longer polyer.
CHIP 3 REGULATIONS

CHIF 3 regnlations have been apglied
Hazatd sym bol(s):

et

EU Labeling Classification: Zi-Irritant
Risk Phrases: R36/32: Irritating to eyves and skin
R43:  May cause sensitization with skin cortact

Safety Phrases: 524 Avoid contact with skin

S_3?: Vieat suitable ﬂnves.
16. OTHER INFORMATION

Mo Other Information

Tothe best of our knowledge, the information contained herein is acourate. Final determination of the sutability of any moaterial isthe
sole responsibility of the users. All materials moay present wadsown hazards and showld be uged with castion. Although certain hazards
are described herein, we cannot guarantee that these are the only hazards which exist.
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Appendix S: Prototype Vehicle Wheel Preliminary Load Analysis.

Forces on a three wheel car.

I ~ . W: = Weight on the font wheels
. el Wr = Weight on the rear wheel
v J/CG R T
31 - =0 v= Velocity of the car
i ’,ff”;

P ~ R=Radius of the turn
v ]
H’,F: G= Gravity

Fe=Lateral force on the front wheels
r=lateral force on the rear wheels
Total weig /1t of car and personw = 230 lbs

_2W_2*250lbs

r =5 =————=15233bs
_w_250Ws
REZT T3 TN
V = 35 mp /i 35mile 1/ 1min 5280 ft 5133 ft
— N * * * = . -
mp 1/r 60min 60s mile s
2
153.33 Ibs * (51.33ft/5>
g We V2 380.1 lb
F=— * — = = . S
g R 32.2 f’f/s2 « 33ft
2
76.67 Ibs * (51.33f t/s>
W, V2
g R

32.2ft/52 « 33ft



