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 Descriptive Abstract 

 Micro-business owners in developing Third World countries need an affordable, 

dependable Basic Utility Vehicle for transportation of cargo and passengers.  The 

University of Cincinnati, College of Applied Science 2005 BUV will enable 

transportation of cargo and people in a safe, cost-efficient manner over various types of 

terrain.  By limiting the number of specialized components and systems, the 2005 BUV 

Team meets the performance, capability, and safety specifications demanded by the IAT 

(Institute for Affordable Transportation) by offering a robust, yet simple utility vehicle.                  

 The chassis and frame is comprised of many low cost off the shelf components 

and provides sufficient cargo space and passenger space to carry 5 people.  The 2005 UC 

BUV is limited to just one roll cage to protect the driver, because the BUV is a cargo 

carrier first passenger vehicle second, but has seat belts to ensure safe passage of 

passengers.  

 

 

 

 

 

 

 

 

 



Informative Abstract 

The 2005 UC BUV design is the result of a team effort, and the project 

was separated into three major areas of design among three team members.  The 

three sections included; 1) the drivetrain 2) the steering and suspension and 3) the 

chassis and frame.  In order to prepare for the design the team performed research 

to identify and study existing products as well as careful examination of the 

customer needs and the design objectives.  The data gathered from these activities 

made it possible to generate three distinct design concepts, select the best design 

and create a Proof of Design agreement to ensure that the goals were met at the 

end of the project.  The research data from the existing products helped the team 

to gather information on advantages and disadvantages of existing vehicles.  The 

specifications listed by the Institute for Affordable Transportation are considered 

to be the ideal design objectives that must be met in order to solve the problem of 

creating low cost transportation for micro business owners in developing third 

world countries. 

 The design requirements identified in the customer identification and 

analysis were used as the design objectives for the 2005 UC BUV chassis and 

frame design.  Three separate concepts were generated and scored against each 

other for their ability to meet the design objectives.  The best concept was 

selected using the Weighted Objective Analysis method and then became the 

basis for the detailed design and analysis of the 2005 UC BUV chassis and frame.  

A list of the ideal design requirements was made to insure that the design would 

be based on attaining these objectives. A Proof of Design contract was generated 



for each of the three major areas of design.  All of these requirements must be met 

in order for the drivetrain to be considered a successful design. The detailed 

design and analysis of the chassis and frame was performed using Finite Element 

Analysis software and also using hand calculations. The chassis and frame was 

fabricated, built and assembled at the College of Applied Science by the designer. 

The testing to confirm the success of the chassis and frame and the rest of the 

2005 UC BUV was conducted at the IAT BUV Competition on April 30th, 2005.  

This report contains the results and competition details for the entire 2005 UC 

BUV as well as the chassis and frame.                   
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1 INTRODUCTION 
Micro-business owners in developing Third World countries need an affordable, 

dependable Basic Utility Vehicle (BUV) for transportation of cargo and passengers.  The 

Institute for Affordable Transportation (IAT) is a non-profit public charity with a goal to 

develop high quality, low cost, transportation for the working poor in Third World 

countries.  They are located in Indianapolis, Indiana and funded by individuals, 

foundations, and international corporations.  This year the IAT will be hosting the fifth 

annual BUV Design Competition.  This event is used to accumulate ideas from college 

students around the country in order to find a simple, low-cost utility vehicle that can 

benefit low-income people in rural areas of developing countries.  The IAT BUV 

competition is comprised of many events that challenge the design and capabilities of the 

basic utility vehicles. 

There are many factors that influence the quality of life for people around the 

world.  One of the major factors influencing this is the quality and quantity of 

transportation that is available to people.  The IAT’s vision is to improve the quality of 

life and stimulate economic growth by facilitating the development and proliferation of 

simple, low cost vehicles.  The 2005 UC BUV Team’s goal is to create a vehicle that 

meets the IAT specifications and helps to propagate the spread of the basic utility vehicle 

concept.  This report documents the design preparation, detailed design, fabrication and 

testing of the chassis and frame for the 2005 UC BUV. 

In preparation of the design of the chassis and frame for the 2005 UC BUV, an 

analysis of the customer needs was performed using the list of customer needs which was 

developed from the design competition specifications set forth by the IAT.  Using these 
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specifications the design requirements for the 2005 UC BUV was determined.  An 

Weighted Objective Tree [1] was created in order to score importance among the 

different design requirements.   

Three design concepts were generated and analyzed for the chassis and frame to 

determine which concept would best meet the design requirements.  The Weighted 

Objective Tree [2] method was used to score the three concepts against each other based 

upon how well each concept met the design objectives.  The concept that best met the 

objectives was selected as the best concept and was carried forward into the detailed 

design phase.  In the detailed design phase the detailed configuration, material selection 

and engineering analysis was performed.  The chassis and frame for the 2005 UC BUV 

will enable the vehicle to carry a 1210 lb. payload, maintain a ground clearance of at least 

10.5 inches and will have a minimum of 18^2 ft of cargo space..  The final design will 

incorporate as many off the shelf components as possible and will work with the steering, 

suspension, and drivetrain components being designed by the other two, team members.  

Designing to meet these specifications will enable the 2005 UC BUV to be the ideal 

solution as an affordable vehicle that can be manufactured and sold to micro business 

owners in developing third world countries. 

Once the final design of the entire 2005 UC BUV was complete, the chassis and 

frame was fabricated.  When the fabrication for all the components of the 2005 BUV was 

complete, the vehicle was assembled and then tested to insure that all of the customer 

requirements were achieved. 
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1.1 DESIGN PREPARATION 

1.2 PROBLEM STATEMENT 

Before the Basic Utility Vehicle team of 2005 could begin, some steps must have 

been taken. The first step is to consider all current types of Basic Utility Vehicles 

(BUVs). The team needs to research the different type of BUVs and try to solve, or come 

up with concepts, current problems with the BUVs. Then The BUV team of 2005 needs 

to study the Institute for Affordable Transportation (IAT) design specifications. This is 

done simply by looking at the customer needs and determining which of these needs is 

the most important to incorporate into the design. The next step for the team is to create 

some concepts completely different from each other. The team then needs to pick the best 

design by a weighted decision matrix, or some other method to find out which design 

bests meets the needs of the customer. After the design is chosen, the calculations and 

material selections can begin. 

 

The problem that the 2005 UC BUV will solve is that there is not currently a basic 

utility vehicle that meets the IATs vehicle specifications.  Although there are existing 

vehicles that meet some of, but not all of the IAT specifications, these vehicles are far too 

expensive to be purchased and shipped to remote third world locations.  Third world 

countries need low cost transportation to help with every day activities. This 

transportation should be easy to ship, assemble, repair, and produce. The 2005 UC BUV 

Team goals are to design a vehicle that meets the IAT BUV requirements and costs $900 

to produce for third world countries. This vehicle will be easy to assemble and maintain, 

have a top speed of 20 mph, and be able to carry 1210 lbs of cargo or 5 people including 

the driver.  By meeting these specifications the 2005 UC BUV team will help to enable 
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the growth and capacity of micro business through increased mobility.   

Over the past four years of competition many attempts have been made to satisfy 

the requirements of the IAT competition.  Each year vehicles come closer to meeting the 

specifications set by the IAT.  The 2005 UC BUV is intended to meet all of the IAT’s 

specifications.  Early on in the project the team decided that the design of the BUV would 

be broken down into three major design problems to be solved: 

1) The design of the steering and suspension  

2) The design of the chassis and frame  

3) The design of the drivetrain 

The design factors that were labeled as the most important from the design 

analyses were focused on in each of the three major design problems.  A Gantt chart [3] 

was created to help the team track its progress once the team had decided on the hard due 

dates for each aspect of the design, analysis, fabrication and testing of the 2005 UC BUV.  

At this point the team began the design phase of the project by conducting research on 

vehicles that are in existence, that meet some but not all of the IAT specifications for the 

2005 BUV competition. 

 

1.3 CUSTOMER IDENTIFICATION 
The Institute for Affordable Transportation (IAT) designs low cost, affordable 

transport vehicles for developing nations. The problem being the cost of transportation in 

third world countries exceeds the amount of income the majority of the workers could 

afford to pay. The IAT has been presented this problem from micro business and holds an 

annual competition to see who can best meet their design specifications.1 
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2 EXISTING PRODUCTS 
Many manufactures attempt to make the ultimate in Utility Vehicles. Each 

manufacture has its own ideal of the best possible utility vehicle. However, the 

manufactures have many variations of the utility vehicles to meet the needs of each of the 

markets that it supplies vehicle too. Even though many of the need are meant, they do not 

come in a very reasonable cost for the IAT and its micro businesses. 

     

2.1 IAT PREVIOUS COMPETITORS 
The IAT has held four competitions prior to the 2005 competitions. Pictured 

below are some of the design entries that competed in the years before 2005 

competitions. Three of the four vehicles pictured below did not meet the IAT standard for 

productions. However, the three wheels BUV pictured below did meet all the IAT 

specifications and is now in productions. Figure 1 shows the Basic Utility Vehicle called 

the Honduras that is now in productions. Figure 2 shows Basic Utility Vehicles that did 

not meet the IAT specifications for productions. 

          
Figure 1 Honduras [2] 
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Figure 2 IAT design competitors and BUVs [2] 

 

 

2.2 KUBOTA RTV900 
The Kubota RTV900 has a four-cycle diesel, 3-cylinder engine. This engine 

produces 21.6-horse power. The RTV900 comes with a variable hydro transmission; this 

helps to maximize the power output to the terrain the vehicle is overtaking. The 

transmission has three setting high, middle and low, this helps the operator of the vehicle 

to maximize the fuel economy and power output from the motor when needed The 

RTV900 has 8.3 inches of ground clearances to the rear axis. This ground clearance 

allows the RTV900 to forge water standing still and helps the vehicle over come rough 

terrain. The steering in the RTV900 is rack and pinion, which helps the operator to steer 

the vehicle with minimum amount of force applied to the steering wheel. The rear 

suspension is Semi-independent, Dedion axle with leaf spring and hydraulic shocks. The 

front suspension is independent, McPherson strut-type. This suspension allows the 

vehicle to be loaded fully and still feel stable. The bed is made of steel with a payload 

capacity of 1630lbs [3]. The RTV900 has a MSRP of $9899. (Pictured in figure 3)  
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Figure 3 Kubota RTV900 [3] 

 

2.3 POLARIS RANGER 
The Polaris Ranger has a four-cycle single cylinder engine. The Polaris has a top 

speed of 25 MPH. The suspension is a coil suspension with right and left axles connected 

to the suspensions. This gives the Polaris a very consistence ride though all types of 

rough terrain. The steering is also rack and pinion, which makes it easy to steer in any 

condition. The Polaris has a ground clearance of 7.2 inches, which will help it in any type 

of aggressive terrain. The payload capacity is 1000lbs in its steel frame cargo bed. The 

Polaris has a MSRP of $8995 [4]. (See figure 4)  
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Figure 4 Polaris Ranger [4] 

 

 

2.4 KAWASAKI MULE 
The Kawasaki Mule also has a four-cycle engine that produces 24.7-horse power. 

The drive train is a continuously variable transmission. This transmission allows the 

engine to get optimum performance from the amount of power put out by the motor. The 

steering in the Mule is also a rack and pinion, which lets the operator control the vehicle 

with little trouble in rugged terrain. The suspension for the mule in the rear is semi-

independent, Dedion axle with leaf springs and hydraulic shocks. This type of suspension 

allows the vehicle to maneuver in extreme terrain with little trouble. The front suspension 

is independent, McPherson strut-type. The cargo bed in this utility vehicle is also steel 

and can carry a payload capacity of 800lbs. The Kawasaki Mule has a MSRP of $8799 

[5]. (See figure 5)  
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Figure 5 Kawasaki Mule 3010 [5] 
 
 

2.5 YAMAHA PRO-HAULER 1000 
The Yamaha Pro-Hauler 1000has a four-cycle, single cylinder engine that is air-

cooled. The transmission is a V-belt automatic with forward and reverse. This 

transmission allows the vehicle to speed up without any shifting of gears, so the operator 

does not lose any momentum. The rear suspension is pivoted trailing arms. The front 

suspension is independent wishbone. This combination of front and rear suspension will 

allow the Pro-Hauler 1000 to maneuver with great efficiency in the roughest terrain. The 

payload capacity of the Pro-Hauler 1000 is 500 lbs. The Pro-Hauler has a MSRP of 

$5999 [6]. (See figure 6)  
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Figure 6 Yamaha Pro-Hauler 1000 [6] 

 

2.6 JOHN DEERE  
The John Deere Gator HPX 4x4 has a liquid cooled four-cycle motor with two 

cylinders. This motor produces 20-horse power and a top speed of 25 MPH. The 

transmission is a continuously variable transmission with two setting, high and low. This 

type of transmission allows for optimum towing in any setting. The suspension in the rear 

is rigid, while in the front the Gator has coil springs and swing axles. This suspension in 

the back allows the Gator to be fully loaded to whatever the chassis will bear. The load 

capacity for the Gator is 900lbs with the cargo box having only 11.3 cubic feet of 

volume. The entire cargo bed is made of steel. There are many other types of Gator 

depending on applications for the market or customer buying the Gator. Almost all the 

four wheel Gators can be hauled in the bed of a standard pick-up truck, like the BUV. 

The Gator has a ground clearance of 6.7 inches from the axles and 8.5inches from the 

bottom of the cargo bed. This ground clearance allows the Gator to a more versatile 

vehicle.  The MSRP for the Gator HPX4x4 is $9399 [7]. (See Figure 7)  
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Figure 7 John Deere HPX 4x4 [7] 

 
 

2.7 TABLE OF MEASURABLE OBJECTIVES 
 

 This table gives a list of problems along side the solution. The Table of 

Measurable Objectives list a specific problem element along with the characteristic 

design solution. The measurable objectives, seen in Table 1, were given to the Basic 

Utility Vehicle (BUV) team 2005 by the Institute of Affordable Transportation (IAT) 

design specifications for the Basic Utility Vehicle competition in 2005. A list of the 

design Specification for the frame and chassis are listed in table 1.  
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Table 1: Measurable Objectives 
 

 

 

 

 

 

 

 

 

Problem 
Elements Solution Elements Objective and its Measurement 

Cost too much 
to produce 

Chassis should cost less then 
half of total cost 

Chassis should cost less then 
half of the total cost to mass 
produce  

Metal Bed  Plastic or Wood Bed 
Make bed out of non-corrosive 
material 

Load capacity 
make it able to carry 1210 
lbs 1210 lbs total capacity   

Cost too much 
to ship 

Make BUV fit into two smaller 
crates instead of one big one 

All parts must fit inside a 
regular length pick-up rear 
end on a shipping skid 

Assemble time  

Takes no more then 6 man 
hours to assemble front kit 
and connect to rear unit 

Let other assemble the vehicle 
and time them while they 
assemble  the BUV, time does 
not include cargo bed 

Cargo to 
passenger 
conversion 
time 

Shouldn't take longer then 5 
minutes to convert from cargo 
to passenger mode 

Let other assemble and convert 
from passenger to cargo mode 
and time them while they 
convert the modes   

Weight of 
front end-
assembly 

Front end assembly to weight 
no more then 297lbs 

Weight of the front-end 
assembly 

Clear Deep 
Water 

Clear 15 inches of Fording 
water  

Measure the amount of water 
and clearance from ground to 
chassis 

Ground 
Clearance  

10.5 inches of ground 
clearance 

Measure the amount of 
clearance from ground to 
chassis 
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Payl
oad: 

550 kg or 1210 lbs (including driver) 

Carg
o Bed 

Use existing pick-up bed, or utilize a stake bed (i.e. stake pockets and 
wood) 

Mate
rials: 

UV resistant, corrosion resistant 

Grou
nd Clearance 

> 10.5” except at differential, leaf springs, or lower shock mounts  

Pack
aging (full 
unit) 

All parts of front unit must fit inside or beneath a regular length pick-up 
rear-end on a shipping skid.  Fully assembled unit must be less than 11 ft long  

Pack
aging (front 
unit) 

Minimize crate-size required for shipping the front kit alone (welding 
complete)  

Asse
mbly Time 

< 6 man-hours to assemble front kit (pre-welded, pre-painted parts) & 
connect to rear unit.  Time does not include cargo bed. 

Safet
y 
Equipment: 

Driver seat belt, parking brake, bumper, horn, kill switch, rescue hooks 
(fore/aft), on-board fire extinguisher passenger handles/ropes (for securing cargo 
also), “anti-roll” protection (shoulder height roll-bar helps stop vehicle rotation at  
¼ roll and shields driver from cargo space), 1 headlight, 2 tail-lights, 2 brake 
lights, two light reflectors per side  

 
Performance Requirements: 

• 5 minute conversion (or less) from cargo mode to passenger mode (6 passengers) 

 
Design Objectives: 

• Utilize off-the-shelf components where possible to minimize part costs. 

• Minimize the number of part numbers, and the part count to simplify 
purchasing, logistics, service, etc. 

• Utilize as few as two people to assemble vehicle.  Utilize Design for Assembly 
(DFA) methods 

• Minimize center of gravity to help reduce roll-over 

• Minimize machining, welding, and fixtures for Third World assembly to reduce 
investment/skill required 

• Emphasize safety in all aspects of design. Protect driver and passengers from 
moving parts 

• Does the vehicle make provision for a canopy?  Can it readily accommodate one? 

• 5 minute conversion (or less) from cargo mode to passenger mode 

• Area of Cargo Bed (at least 18 sq ft or more) 



2005 UC BUV TEAM                                                          

14 

Table 2: Frame and Chassis Specifications 

 

3 DESIGN CONCEPTS 

The three chosen concepts for the frame design were generated from the survey 

results and the IAT specifications. All three concepts then were compared with the 

criteria from a weighted decision matrix (See Appendix B).  

 

3.1 CONCEPT ONE 

 
Figure 8: Concept 1 

Design concept one, shown below in figure 8, was a flat bed that is attached to a 

truck chassis. The flat bed was 5’x 4’, which exceeded the required amount of 18 ft2 of 

cargo space. The flat bed would then fold into two benches that went the length of the 

cargo bed. This way the cargo bed could be used as a passenger hauler or for cargo. The 

frame of the cargo bed would be made of angle iron, and the platform of the bed would 

be made of wood. The wood is to be hinged in four places so the platform can make the 

necessary benches for passengers. (See figure 8) 
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3.2 CONCEPT TWO 

 
Figure 9: Design Concept 2 
 

Design concept two was similar to concept one. The frame of the cargo is also to 

be made of angle iron. Instead of the cargo platform being made of wood the platform is 

to be made of two different types of material. The center of the bed is made of polyester 

webbing. This webbing is 23’’wide by 46’’ long. It is connected to four members of 

angle iron, two that make up the outside of the frame, and two that make up cross 

members. This cargo webbing will equally distribute the load to each of the members for 

better support of a load. The two end sections are made of composite lumber. The 

composite lumber is non-corrosive and UV resistance. Along with the platform being flat, 

it also folds into benches on both ends of the cargo bed. Each bench is made to carry two 

people. This platform also exceeds the specification of the cargo bed being 18 ft2. The 

size of this bed is 4’x 5’. (See figure 9) 
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3.3 CONCEPT THREE 

 

The third design concept is also connected to the truck chassis. The third was 

designed to resemble a dump truck bed. The bed was to be made of steel square tubing 

and have the sides covered with poly-pro. Inside the cargo bed are permanent benches 

attached to the square tubing. The entire cargo bed was then to be hinged to two 1’’ 

dowel pin. Each dowel pin was to be welded to a bracket. The cargo bed then was then 

attached to the dowel pins. This would allow the bed to be lifted and dumped. The cargo 

bed design also exceeded the specifications of the IAT with more then 18 ft2 of cargo 

room. (See figure 10) 

3.4 DESIGN SELECTION 

Figure 10: Design Concept 3 

 

Using the IAT specifications and the results of the surveys the main objectives of 

the design were chosen. These objectives were given weights based off how important 

each objective was. The main objectives were cost, performance, and quality. Each of 
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these three objectives was broken into smaller sub objectives. 

o 
Cost 

o 
Material cost 

o 
Manufacturing cost 

Reparability 

o 
Performance 

o 
Weight capacity 

o 
Cargo space 

Durability 

o 
Quality 

o 
Reliability 

Production time 

The criterion was scored along with the sub criteria. The scores were then 

multiplied by the weighted factor for that objective and a total score was awarded. All 

three concepts were compared using the weighted decision matrix. The weighted decision 

matrix can be seen in APPENDIX B. The score for Concept 1 is 2.43. The score for 

Concept 2 was 3.92. The score for Concept 3 was 2.42. The best design concept turned 

out to be Concept 2. 

3.5 PROOF OF DESIGN 

The IAT specifications require the UC BUV Team 2005 to use a chassis from a 

small compact truck. The chassis was for the rear portions of the BUV. The rear portion 

of the BUV will contain the frame, which will mount to the chassis and the front chassis 

will also mount to the truck chassis. 

 

The design of the Chassis and Frame lies within the specification given to the BUV 

team from the Institute for Affordable Transportation (IAT). The proof of design for the 
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Basic Utility Vehicle (BUV) is in meeting the major objectives specified in the design 

criteria by the IAT, for the 2005 design competition. The IAT specifications for the BUV 

were broken into 3 sections. These 3 sections are Chassis/Frame, Suspension, and Drive 

train. This proof of design statement is for the chassis and frame portion only. The 

Chassis and Frame specification are broken into 3 major components. These 3 

components are the following: Size, Safety and Performance.  

Size 

• The bed of the BUV will include at least 18 ft2

• The width of the vehicle will not exceed 4.5 ft. 

 of cargo deck space while 

in cargo mode. 

• Ground clearance of 10.5 inches minimum.  

        Safety 

• The BUV will include a driver seat belt, bumper, rescue hooks (fore/aft), 

“anti-roll” protection (shoulder height roll-bar helps stop vehicle rotation 

at  ¼ roll and shields driver from cargo space), 1 headlight, 2 tail-lights, 2 

brake lights, two light reflectors per side  

          Performance 

• There will be a 5-minute or less conversion time to get from one mode to 

the other (convert from cargo to passenger mode). 

• The BUV will be able to support and carry 1210 lbs total payload in cargo 

or in passenger mode. 
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4 CHASSIS AND FRAME DESIGN AND ANALYSIS 
The rear chassis was taken from a 1990 Ford Ranger pick-up truck, and is 6 feet 

in length. The design of the rear chassis, designed by Ford motor company, exceeds the 

amount of load which will be applied to the BUV. Therefore design of a chassis for the 

rear was not designed due to the specification set forth by the IAT to use off the self 

components. In the specification The IAT required the 2005 UC BUV Team to use an 

existing chassis from a compact pick-up truck. A drawing of the chassis can be seen in 

figure 11. The chassis, donated by Schneider auto parts, will be sanded down and coated 

with rust inhibiting paint.  

 

Figure 11 Chassis  

 

4.1 CHASSIS AND FRAME  

The frame, pictured in figure 12, is constructed of 2in x 2in x 1/8in angle iron. 

The material is ASTM A36 steel, which has yield strength of 36000psi and an Ultimate 

Design 
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strength of 66000psi. The frame will be notched and welded together. The purpose for the 

notching is to add rigidity so it will be welded on three sides instead of two.  

The platform, which is made to fit inside the frame, consists of composite lumber 

and polyester webbing. The Polyester webbing, donated by Safe Approach, was designed 

to withstand a 6000lb load before failure. This information is stamped on the tag on the 

cargo netting. The composite lumber not only serves as the platform but also folds into a 

bench on both ends of the bed. The composite lumber will be hinged so that it can fold 

and make a bench. The frame in cargo mode and passenger mode can be seen in figure 

13. The supports for the bench will bolt to the frame. The supports for the benches will be 

located under the front of the frame and rear of the frame. The composite lumber 

materials properties can be seen in APPENDIX C.  A drawing of the frame and platform 

can be seen in APPENDIX D.  Likewise for the information for the frame materials can 

be seen in APPENDIX E.  

 

Figure 12: Frame and Cargo Netting 
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Figure 13: Frame Cargo and Passenger Mode 

 

Analysis  

The frame analysis was completed with COSMOS, a Finite Element Analysis 

(FEA) program, in Solid-works. The solid works model was used to simulate static and 

impact loading conditions the frame would see in the worse case scenarios.  Loads were 

applied as distributed loads across the main beams of the frame. Pictured below in figure 

14 is the FEA result of a 700lb static load per-beam across the center supports that hold 

the cargo netting. Also pictured in the figure 14 is a FEA result of a 400lb static load per-

beam around the perimeter of the frame. The loads are represented with the down arrows, 

pictured in purple. While the restraints, fixed points, are represented with arrows in all 

planes, or green arrows. The max stress on the frame is 32,140psi from the FEA result 

with a total static load of 1400lbs on the center beams of the frame. The result of the FEA 

with the static perimeter load totaling 1600lbs has a max stress of 27,510psi. Both results 

have a minimum design factor of safety of 2. 
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Figure 14: Frame Analysis 

 

4.2 FRONT CHASSIS AND SUSPENSION-MOUNT ANALYSIS 

 The front chassis was made of 2in x 2in x 1/8in thick square tubing. The square 

tubing is ASTM A500 steel, which has yield strength of 47,000psi and an Ultimate 

Design 
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strength of 68,000psi. The square tubing will be welded together and then welded to the 

Ford Ranger chassis.  

The suspension mount tube is made of 2in diameter tubing with a 1in inside 

diameter. The round tubing is ASTM A36 steel, which has yield strength of 36,000psi 

and an Ultimate strength of 66,000psi. The suspension mount plate is also made of 

ASTM A36 steel, which has yield strength of 36,000psi and an Ultimate strength of 

66,000psi. The suspension plate will be welded to the suspension mount tubing and then 

the tubing will be welded to the front chassis. The Front Chassis and Suspension Mount 

is pictured in figure 15. See Appendix F for detailed drawings. 

 

Figure 15:  Front Chassis and Suspension Mount 
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Analysis 

The front chassis and suspension mount analysis was completed with COSMOS, a 

Finite Element Analysis (FEA) program, in Solidworks. The solidworks model was used 

to simulate static and impact loading conditions on the front chassis and suspension 

mount.  Loads were applied as distributed loads across the suspension mount. Pictured 

below in figure 16 is the FEA result of a 900lb static load on the suspension mount plate. 

The plate is where the front suspension will attach. The load is represented with purple 

arrows in the right plane. The fixed points, or where the chassis is welded to the truck 

chassis, are picture in green arrows or in the bottom plane. The result of the FEA for max 

stress for the front chassis and suspension mount is 24,444psi. This result gave the front 

chassis and suspension mount a factor of safety of 3.4.   

  

Figure 16: Front Chassis and Suspension Mount Analysis 
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4.3 ROLL CAGE ANALYSIS 

 

Design 

 The roll cage was made of 1.25in diameter piping with a 1/8in thick wall. The 

piping is ASTM A36 steel, which has yield strength of 36,000psi and an Ultimate 

strength of 66,000psi. The tubing will be welded together and then welded to the Ford 

Ranger chassis and front chassis. The roll cage is pictured in figure 17. See Appendix G 

for detailed MITCAL equations. 

 

 

 

 

 

 

 

 

                          Figure 17:  Roll Cage Drawing 

 The roll cage was analyzed using industry software MITCAL. MITCAL analyzed 

each member of the roll cage as a cantilever beam.  A 500lb load was applied to member 

of the roll cage to simulate the BUV rolling on its side.   

Analysis 
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5 FABRICATION  
The fabrication of the front chassis / suspension mount, frame and roll cage were 

all done independently. The frame was the first component to be completed in the 

fabrication process. The second component completed in fabrication was the front chassis 

/ suspension mount. The third and final component was the roll cage. After all 

components of the front chassis and frame were complete, including the front suspension 

done by Rogelio Rivera, the BUV was assembled. The drive train did not need to need 

completed to assemble the chassis, frame and suspension. 

All of the fabrication took place at the College of Applied Science machining and 

welding labs. The front chassis and frame were outsourced to a professional welder to 

ensure the quality of the welds. The platform of the frame and roll cage were fabricated 

by the 2005 UC BUV Team. All miscellaneous part like nuts and bolts was purchased. 

 

 

5.1 FABRICATE 
The frame was manufactured out of 2in x 2in x 1/8 in ASTM A36 angle iron and 

2in flat steel also ASTM A36. This material was chosen for its strength, and low cost. 

The fabrication of the frame was done in 3 steps. The first step was to print out all the 

part print for each component of the frame to ensure that the components were made to 

correct length. All prints were printed off in the MET design lab. The second step was to 

cut each component to the dimension specified on the part prints. Each component was 

cut off using the cut-off saw in the College of Applied Science machine shop. The third 

step was to get the professional welder to weld the frame together according to the 3D 
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drawing. The professional welder used Stick Metal Arc Welding (SMAW) to fabricate 

the frame. This process was chosen because of the metal type chosen for the frame to 

ensure the quality of the welds.   

The front chassis and suspension mount was manufactured out of 2in x 2in x 1/8in 

thick square tubing square, 2in diameter tubing with a 1in inside diameter and a 6in x 6in 

x ½in plate. These materials were chosen, as stated before in frame build, for their 

strength and low cost. The fabrications of the front chassis and suspension mount were 

also done in three steps. The same procedures were used to fabricate the front chassis and 

suspension mount as the frame. 

The roll cage was manufactured out of 1 ¼ A36 piping. This material was chosen 

for the material properties and low cost. The fabrication of the roll cage was done using 

the same first two steps of the frame and chassis. The welding was done by the 2005 UC 

BUV Team here at the College of Applied Science welding lab.  

  

5.2 ASSEMBLY 
After all the part were fabricated it was time to assembly the remaining 

components of the BUV. The first component was to install the composite lumber on to 

the frame. However the composite lumber chosen for the frame ended up costing $1000 

dollars for a 4 ft x 8 ft sheet. With this new information a new composite lumber was 

chosen. The composite lumber chosen was a structural grade 2 in x 6 in x 12 ft board. 

Two of these boards were purchased and cutting into six total pieces, 4 foot long each. 

One board was drilled with a hand drill and pinned to the frame so it could swivel up and 
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down. This can be seen in figure 18.  

                                                  Figure 18: Pinned Composite Lumber 

After the composite lumber was pinned and installed the hinges were then bolted to the 

composite lumber. Then the final two boards were then mounted to the other side of the 

hinges. This can be seen in figure 19. 

 

Figure 19: Composite Lumber 

 

Then next step on the frame was to install the cargo netting in the center of the 

frame. This was completed by welding a ½ steel rod to the center beams after the 

cargo rod was ran through the netting hoops. This can be seen in figure 20. 
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Figure 20: Cargo Netting 

The next step was to make the supports from the passenger mode. Due to the 

change in composite lumber the original support design would not work. The new 

bench supports were design and analyzed with static forces in excess of 500lbs per 

bench. All calculation was done as buckling and bending. The bench support pieces 

were then cut from the solidworks drawing to ensure quality. The pieces were then 

welded together and assembled to the frame, as seen in figure 21.    

 

Figure 21: Bench Support 

 The front chassis and suspension mount were the next assembly to get 

assembled to the Ford Ranger chassis. The front chassis was measured and placed in 
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the rear chassis to be welded according to the design prints. After the correct 

measurements were obtained the front chassis was tack welded to the Ford Ranger 

chassis. The measurement was then double checked to ensure the square ness and 

correct length. After being verified the front chassis was Stick Metal Arc Welded 

(SMAW) to the rear chassis. This can be seen in figure 22. 

 

Figure 22:  Front Chassis Suspension Mount 

 The last part of the assembly was to install the roll cage. The roll cage was 

installed last to insure proper place over the drive for maximum protection. The roll 

cage was placed on the rear and front chassis and then welded to both pieces to 

ensure rigidity. This can be seen in figure 22. 
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Figure 23:  Roll Cage 

After all other components were assembled to the chassis, including drivetrain 

and suspension, the frame was then welded to the rear chassis. The cost of the frame 

and chassis part can be seen in table 3. The total Bill of Material can be seen in 

Appendix H.  

PART NAME
PART # OR 

DESCRIPTION QUANTITY
OEM PRICE 
PER UNIT 

TOTAL 
PRICE

PRICE 
JUSTIFICATION 

SOURCE AND PHONE 
#

CHASSIS/FRAME

Angle Iron 3 X 2 1/8" X 20' HR 2.00 $14.82 $29.64
American Metal Supply 

Co. 513-396-6000

Tube Steel
2 sq x 11ga (0.120 wall) 

x 24' 1.00 $56.47 $56.47
American Metal Supply 

Co. 513-396-6001

Tube Steel
13 sq x 11ga (0.120 wall) 

x 24' 1.00 $26.62 $26.62
American Metal Supply 

Co. 513-396-6002

Tube Steel 1" ID x 11ga x 24' R/L 1.00 $45.05 $45.05
American Metal Supply 

Co. 513-396-6003

Tube Steel
2" OD x 1/2" wall x 5' 
C1026 CD SML Tube 1.00 $76.31 $76.31

American Metal Supply 
Co. 513-396-6004

Sheet Steel 11ga 48" x 96" HR Sheet 1.00 $88.44 $88.44
American Metal Supply 

Co. 513-396-6005

Flat Strip Steel 1/8" x 2" x 20' HR Flat -2.00 $17.82 -$35.64
American Metal Supply 

Co. 513-396-6006

Composite Lumber 1" x 12' plank 2.00 $19.95 $39.90 Lowes
Hinges triangle hinges 4.00 $3.29 $13.16 Lowes
Hinges square hinges 4.00 $2.75 $11.00 Lowes

Total Cost $350.95  

Table 3: Bill of Materials for Chassis / Frame 
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6 TESTING 
Testing for the chassis and frame for the 2005 UC BUV Team was completed in 

order to ensure the design and build quality of the 2005 BUV. Testing included 

measuring the cargo area of the BUV to make sure it met the IAT specification of a 

minimum 16^2 ft of cargo space. Along with the cargo area the conversion from cargo 

mode to passenger mode had to be timed with a stop watch to ensure it convert in less 

then 5 minutes. Even though testing was being done at the College of Applied Science on 

the BUV the majority of the testing would be at the annual IAT competition held in 

Indianapolis Indiana. Testing was completed on April 30, 2005 

 

6.1 RESULTS 
The 2005 UC BUV Team competed in the annual IAT competition, held April 30 

2005, to prove the design and build of the BUV. The competition put the 2005 UC BUV 

through many difficult events. The seven events ranged from a simple endurance test, 

where the vehicle was driven for 30 minutes in an oval, to a swamp crossing, where the 

vehicle was drive progressively deeper in a pond to try and get the vehicle stuck. The 

2005 UC BUV Team was one of two teams that completed every event and had zero 

failures.  The 2005 UC BUV Team considered this years competition a success based off 

the results in finishing forth overall.  The results of the measurable objectives can be seen 

in table 4. The result of the competition is seen in table 5.  
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Table 4: Results of Measurable Objectives 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Competition Results 
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7 RECOMMANDATIONS 
The 2005 UC BUV Team exceeded all expectation of the design requirements. 

The chassis / frame, drivetrain, and suspension made it through rigorous testing without 

any failures. However the 2005 UC BUV exceeded all expectation there is plenty of 

opportunity for improvement. The recommendation for the chassis and frame will only be 

covered in this section. The drivetrain and suspension will be covered separately by Alex 

Vinnage and Rogelio Rivera in their final design papers.  

The platform of the 2005 UC BUV left a lot of opportunity for improvement. The 

cargo netting was fixed onto the frame of the BUV. One major improvement would be to 

make the cargo netting removable, so if it got cut by cargo it could be replaced or make it 

exchangeable with a solid piece of material without holes in it. This would basically 

make the entire platform solid. The second opportunity for improvement would be to 

make the composite lumber also interchangeable. This way if a piece of composite 

lumber broke or was damaged it could also be replaced. The third possible improvement 

could be to try and make the entire cargo area out of some type of composite. The 

platform is great out of composite but to make the entire frame from composite would put 

the UC BUV Team of 2006 ahead of design curve. 

Although the 2005 UC BUV Team was successful in making and competing with 

a great design there is always room for improvement. The 2005 BUV Team improved 

upon the results and design from the 2004 team. In the hope that some brilliant minds 

will take the 2005 UC BUV Team results and say we can do better then that.   
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APPENDIX A                         Design Specifications 
 

Below is a list of the official BUV specifications from the IAT website, 
www.drivebuv.org. 
8 BUV SPECIFICATIONS       

Cost 
(as a kit): 

$900 for front end unit (pre-welded) Does not include final assembly, 
freight, duties. 

Payloa
d: 

550 kg or 1210 lbs (including driver) 

Turnin
g Diameter: 

< 5 m or 16.5 feet 

Top 
Speed: 

32 km/h or 20 mph on grass (governed) 

Mass / 
Weight:  

< 135 kg or 297 lbs (for front-end assembly) 

Brakes
: 

Tractor braking (right/left or both) utilizing existing truck brakes 

Cargo 
Bed 

Use existing pick-up bed, or utilize a stake bed (i.e. stake pockets and 
wood) 

Engine 8.5 -12 hp internal combustion engine  

Trans
mission: 

Type not specified, but reverse required (reverse may be human-
powered if the driver can activate it from the drivers seat area.) 

Materi
als: 

UV resistant, corrosion resistant 

Groun
d Clearance 

> 10.5” except at differential, leaf springs, or lower shock mounts  

Packa
ging (full unit) 

All parts of front unit must fit inside or beneath a regular length pick-up 
rear-end on a shipping skid.  Fully assembled unit must be less than 11 ft long  

Packa
ging (front unit) 

Minimize crate-size required for shipping the front kit alone (welding 
complete)  

Assem
bly Time 

< 6 man-hours to assemble front kit (pre-welded, pre-painted parts) & 
connect to rear unit.  Time does not include cargo bed. 

Safety 
Equipment: 

Driver seat belt, parking brake, bumper, horn, kill switch, rescue hooks 
(fore/aft), on-board fire extinguisher passenger handles/ropes (for securing 
cargo also), “anti-roll” protection (shoulder height roll-bar helps stop vehicle 
rotation at  ¼ roll and shields driver from cargo space), 1 headlight, 2 tail-lights, 
2 brake lights, two light reflectors per side  

Front 
Suspension 

Suspension type not specified.  Teams may use a salvage motorcycle 
front steering unit on their prototype.  This would substitute for using a 
new, heavy duty, Chinese front unit at $175 OEM cost which includes 

http://www.drivebuv.org/�
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forks/suspension, wheel, tire, headlight, thumb  

throttle and handbrake. Teams may use other suspensions (i.e. rubber torsion) as 
well. 

 

Performance Requirements: 

• Capable of climbing 15% slope (fully loaded) 

• Fording Ability:  15 inches of water 

• Brake(s) will lock during an emergency stop (off-pavement, fully loaded) 

• 5 minute conversion (or less) from cargo mode to passenger mode (6 passengers) 

 

Design Objectives:         

• Minimize total lifetime cost of ownership  

• Utilize off-the-shelf components where possible to minimize part costs. 

• Minimize the number of part numbers, and the part count to simplify 
purchasing, logistics, service, etc. 

• Utilize as few as two people to assemble vehicle.  Utilize Design for Assembly 
(DFA) methods 

• Utilize simple, durable, low maintenance design 

 
 

• Minimize center of gravity to help reduce roll-over 

• Minimize machining, welding, and fixtures for Third World assembly to reduce 
investment/skill required 

• Emphasize safety in all aspects of design. Protect driver and passengers from 
moving parts 

• Emphasize reliability (servicing BUVs is difficult due to remote location and 
poor infrastructure) 

• Gender friendly:  easy pull-start; consider women’s apparel / dresses for driver 
and passengers. 

 

Provisions:  The vehicle should be able to: 

• Power auxiliary units (i.e. generators, water pumps, cement mixers, compressors) 

• Accommodate sun/rain protection  
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Bonus:  Micro-factory costs – determine labor content per unit, investment required, layout, and 
staffing for a 1 unit per day micro-factory in a developing country that assembles your kit.  Use $2/hour labor 
rate.   

Other Data that Judges will collect 
         (Related to the performance, objectives, and provisions 

sections of the Design Specification 
 
Costing Information: 

For engines, use $24 per horsepower OEM cost (i.e. 10 hp is $240) 

For motorcycle front steering unit – use $175 delivered to your facility 

For the rear half of the pick-up truck – use $150 (no matter what it costs your team) 

For purchased parts, use 50% of retail price, for fabricated parts & painting, use quotes from 
industry (based on monthly orders (100 units/mo.) 

Volume assumption for sourcing parts:   1200 BUV’s per year. 

Additional costing info will be at the website on 10/1. 

  Number of “off-the-shelf” parts 

  Number of fabricated or custom parts 

  Total Number of Parts 

      % of fabricated parts to Total Number of Parts 

  Count of different Part Numbers (i.e. 4 screws of the same type count as 1 part 
number),  

  Area of Cargo Bed (at least 18 sq ft or more) 

  Distance from ground to bottom of engine (inches) 

  Projected man-hours of assembly time of kit (assume all welding is complete)) 

  Inches of Weld on prototype 
  Cubic Feet of Packaging Crate (must be rectangular box and welded parts are 

all pre-welded) 
  Weight of cargo bed.  If stake bed, assembly time in man-hours of stake bed. 

  5 minute conversion (or less) from cargo mode to passenger mode 

  Ability to power an auxiliary unit (i.e. generator, water pump, cement mixer, 
compressor, etc) 

  Does the vehicle make provision for a canopy?  Can it readily accommodate one? 
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APPENDIX B                   Weighted Decision Tree and Matrix 

 

 
 

Evaluation 
Table Score 

Poor Solution 0 

Weak Solution 1 

Satisfactory 
Solution 2 

Good Solution 3 

Very Good 
Solution 4 

Ideal Solution 5 
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APPENDIX C—Composite Lumber Properties 
Overview - High Density Polyethylene (HDPE), Glass fiber Filled 

 

Physical Properties Metric English Comments 

  

Density 0.98 - 
1.38 g/cc 

0.0354 - 
0.0499 lb/in³ 

 Average = 1.14 g/cc; Grade Count 
= 25 

  

Hardness, Rockwell 
R 

57 - 90 57 - 90  Average = 74; Grade Count = 20 

Tensile Strength, 
Ultimate 

24 - 
66 MPa 

3480 - 
9570 psi 

 Average = 44.1 MPa; Grade Count 
= 15 

Tensile Strength, 
Yield 

33.1 - 
62.1 MPa 

4800 - 
9010 psi 

 Average = 50.8 MPa; Grade Count 
= 10 

Elongation at Break 2 - 10 % 2 - 10 %  Average = 5.4%; Grade Count = 25 

Tensile Modulus 2.1 - 
11 GPa 

305 - 1600 ksi  Average = 4.8 GPa; Grade Count = 
15 

Flexural Modulus 1.4 - 
8.3 GPa 

203 - 1200 ksi  Average = 3.7 GPa; Grade Count = 
24 

Flexural Yield 
Strength 

34 - 
97 MPa 

4930 - 
14100 psi 

 Average = 58.4 MPa; Grade Count 
= 13 

Compressive Yield 
Strength 

28 - 
52 MPa 

4060 - 
7540 psi 

 Average = 40.7 MPa; Grade 
Count=6 

Izod Impact, Notched 0.5 - 
1.9 J/cm 

0.937 - 3.56 ft-
lb/in 

 Average = 0.998 J/cm; Grade Count 
= 25 

Izod Impact, 
Unnotched 

2.7 - 
6.4 J/cm 

5.06 - 12 ft-
lb/in 

 Average = 5 J/cm; Grade Count = 
11 
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APPENDIX –D 
Frame and Platform Drawing with Suspension Mount 
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APPENDIX E-- Frame Material Properties 

ASTM A36 Steel, flange 

Subcategory: ASTM Steel; Carbon Steel; Low Carbon Steel; Metal 

Co
mponent 

 
  Wt. % 

 

  

C M
ax 0.26   

Cu 0
.2   

Fe 9
8   

Mn 1
.1   

P M
ax 0.04   

S M
ax 0.05   

Si 0
.28   
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APPENDIX F – Frame Material ASTM A500 

 

Physical Properties Metric English Comments 

 
 

Density 7.85 g/c
c 

0.284 lb/in³   

 
Mechanical Properties 

 
 

Tensile Strength, 
Ultimate 

400 - 
550 MPa 

58000 - 
79800 psi 

  

Tensile Strength, Yield 250 MP
a 

36300 psi   

Elongation at Break 20 % 20 %  in 200 mm 

Elongation at Break 21 % 21 %  In 50 mm. 

Modulus of Elasticity 200 GP
a 

29000 ksi   

Compressive Yield 
Strength 

152 MP
a 

22000 psi  Allowable compressive 
strength 

Bulk Modulus 140 GP
a 

20300 ksi  Typical for steel 

Poisson's Ratio 0.26 0.26   

Shear Modulus 79.3 GP
a 

11500 ksi  

http://www.matweb.com/search/GetUnits.asp?convertfrom=43&value=7.85�
http://www.matweb.com/search/GetUnits.asp?convertfrom=43&value=7.85�
http://www.matweb.com/search/GetUnits.asp?convertfrom=109&value=250�
http://www.matweb.com/search/GetUnits.asp?convertfrom=109&value=250�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=200�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=200�
http://www.matweb.com/search/GetUnits.asp?convertfrom=109&value=152�
http://www.matweb.com/search/GetUnits.asp?convertfrom=109&value=152�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=140�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=140�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=79.3�
http://www.matweb.com/search/GetUnits.asp?convertfrom=45&value=79.3�
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APPENDIX G—Detailed Drawings 
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           Cover Sheet for Detailed Drawings pages attached 
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APPENDIX H 
 Roll Cage Calculations from MITCAL 
4 pages 
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APPENDIX I – 5pages 
Bill of Materials 

 
 
 

PART NAME 
PART # OR 

DESCRIPTION QUANTITY 

OEM 
PRICE 

PER UNIT  
TOTAL 
PRICE 

PRICE 
JUSTIFICATION  

SOURCE 
AND 

PHONE 
# 

MANUFACTURED 
OR PURCHASED  

CHASSIS/FRAME               

Angle Iron 
3 X 2 1/8" X 

20' HR 2.00 $14.82 $29.64   

American 
Metal 

Supply 
Co. 513-
396-6000   

Tube Steel 

2 sq x 11ga 
(0.120 wall) x 

24' 1.00 $56.47 $56.47   

American 
Metal 

Supply 
Co. 513-
396-6001   

Tube Steel 

13 sq x 11ga 
(0.120 wall) x 

24' 1.00 $26.62 $26.62   

American 
Metal 

Supply 
Co. 513-
396-6002   

Tube Steel 
1" ID x 11ga x 

24' R/L 1.00 $45.05 $45.05   

American 
Metal 

Supply 
Co. 513-
396-6003   

Tube Steel 

2" OD x 1/2" 
wall x 5' C1026 
CD SML Tube 1.00 $76.31 $76.31   

American 
Metal 

Supply 
Co. 513-
396-6004   

Sheet Steel 
11ga 48" x 96" 

HR Sheet 1.00 $88.44 $88.44   

American 
Metal 

Supply 
Co. 513-
396-6005   

Flat Strip Steel 
1/8" x 2" x 20' 

HR Flat -2.00 $17.82 -$35.64   

American 
Metal 

Supply 
Co. 513-
396-6006   

Composite 
Lumber 1" x 12' plank 2.00 $19.95 $39.90   Lowes   
Hinges  triangle hinges 4.00 $3.29 $13.16   Lowes   
Hinges  square hinges 4.00 $2.75 $11.00   Lowes   

      Total Cost $350.95       
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ANTI-ROLL 
PROTECTION             

Pipe 1" SCH 40 Pipe  1.00 $37.80 $37.80 
Retail- 
20% 

American Metal 
Supply Co. 

513-396-6000 

Rectangular 
Base Flange 

1/8" x 2 x4" HR 
Flat Steel 2.00 $1.25 $2.50 

Retail- 
20% 

American Metal 
Supply Co. 

513-396-6001 
      Total Cost $40.30     

DRIVE 
TRAIN/  

AUXILLARY 
POWER 
UNITS             

Kohler 
8.5 HP CS Pro 

H 1.00 $60.00 $60.00 
Purchased 
from IAT IAT 

Taper Lock 
Bushing DODG H5/8KW 2.00 $4.77 $9.54 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1600 

Taper Lock 
Bushing BROW H5/9 2.00 $6.45 $12.90 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1602 

Taper Lock 
Bushing BROW H3/4 1.00 $4.92 $4.92 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1600 

#60 Chain 
#60 Single 

Strain 2.00 $11.54 $23.08 
Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1599 

#80 Chain 
#80  Single 

Strain 2.00 $14.69 $29.38 
Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1600 

 HD Sprocket 
11 teeth #60 
Chain pitch MART 60H11H 2.00 $20.25 $40.50 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1599 

 HD Sprocket 
10 teeth #60 
Chain pitch BROW H80H10 1.00 $29.13 $29.13 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1600 

  HD Sprocket 
20 teeth #80 
Chain pitch BROW H80H20 1.00 $37.30 $37.30 

Retail- 
20% 

Applied 
Industrial Tech. 
513-242-1600 

 0.75"Pillow 
Block Bearing  126147 3.00 $7.35 $22.05 

Purchased 
at OEM 

Intelligrated                                
513-701-7300 

Key Stock 
1/4" X 1/4" X 

12" 3.00 $3.00 $9.00 
Retail- 
20% 

Cincinnati 
Belting & 

Transmission              
513-621-9059 

Key Stock 
3/16" X 3/16" X 

12"  1.00 $3.00 $3.00 
Retail- 
20% 

Cincinnati 
Belting & 

Transmission               
513-621-9060 
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 keyed shaft  3/4" 1.00 $3.88 $3.88 
Retail- 
20% 

Cincinnati 
Belting & 

Transmission              
513-621-9061 

Shaft Collar  3/4"  2.00 $0.44 $0.88 
Retail- 
20% 

Cincinnati 
Belting & 

Transmission           
513-621-9063 

Model 40C 
Drive Clutch 

1" Bore 203015A    1.00 $93.59 $93.59 
Retail- 
20% 

MFGSUPPLY                              
1-800-826-8565 

    40 D Driven 
Clutch 7.5" 

Dia 3/4" bore 209133A  1.00 $91.99 $91.99 
Retail- 
20% 

MFGSUPPLY                                     
1-800-826-8566 

  Belt for 40/44 
series 32.9" 

OC  203784A  1.00 $20.44 $20.44 
Retail- 
20% 

MFGSUPPLY                                 
1-800-826-8567 

Taper Lock 
Bushing 3/4" T/L  1.00 $6.30 $6.30 

Retail- 
20% 

Cincinnati 
Belting & 

Transmission             
513-621-9053 

double pulley 
3.04"                

(.5" width)   2-b3.4 1.00 $20.48 $20.48 
Retail- 
20% 

Cincinnati 
Belting & 

Transmission                  
513-621-9062 

Alternator  
7273-9-135A-

SP 1.00 $55.99 $55.99 
Retail- 
20% 

Alterstart                        
1-800-607-0016 

V-Belt 52" long 1.00 $7.16 $7.16 
Purchased 

at OEM Autozone 
      Total Cost $581.51     

STEERING & 
SUSPENSION             
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1978 Suzuki GS550 Motorcycle   1 $100.00 $100.00     

Sensa-Trac Load Adjusting shocks    2 $33.86 $67.72     
1-1/4 SCH 40 * 21' Handrail Pipe   1 $37.80 $37.80     
1" SCH 80 * 21' Handrail Pipe   1 $86.10 $86.10     
1/8 * 2 * 20' Steel Strip   1 $21.00 $21.00     
1 * 1-1/2 * 5' Steel Bar   1 $64.00 $64.00     
1/4" * 10" * 13" Steel Plate   1 $38.50 $38.50     
1/4" bolt     4 $0.00 $0.00     
1/4" lock nut     4 $0.00 $0.00     
3/8" bolt     2 $0.25 $0.50     

3/8" washer     2 $0.15 $0.30     
3/8" lock washer     2 $0.20 $1.60     
set screw     8 $0.25 $2.00     

nylon bushing     3 $1.00 $0.00     

      Total Cost $419.52       

                
Master Break 

Cylinder Willwood  1.00 $39.99 $39.99 
Retail- 
20% Purchased www.Jegs.com 

Brakeline kit Willwood  1.00 $20.79 $20.79 
Retail- 
20% Purchased www.Jegs.com 

T-Valve   1.00 $7.00 $7.00 
Retail- 
20% Purchased www.Jegs.com 

Brake Pads 
1989 Ford 

Ranger 1.00 $12.60 $12.60 
Retail- 
20% 

SMYTH AUTO 
513-528-2799 Purchased 

Brake Line Generic 1.00 $3.00 $3.00 
Retail- 
20% 

SMYTH AUTO 
513-528-2800 Purchased 

      Total Cost $83.38       
OTHERS               

Seat Belts 
Medium Duty 
Rachet Straps 2.00 $6.97 $13.94 

Retail- 
20% Lowes Purchased 

Front Lights   1.00 $15.99 $15.99 
Retail- 
20% AutoZone Purchased 

Brake Light   1.00 $8.00 $8.00 
Retail- 
20% AutoZone Purchased 

Light Reflectors   4.00 $1.59 $6.36 
Retail- 
20% AutoZone Purchased 

Seat GMSSXL 1.00 $31.99 $31.99 
Retail- 
20% 

Appco Racing                
513-539-9900         Purchased 

Battery   1.00 $25.00 $25.00 Retail- Walmart Purchased 

http://www.jegs.com/�
http://www.jegs.com/�
http://www.jegs.com/�
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20% 

Nuts and Bolts 3/8"-20thrd 1" 22.00 $0.40 $8.80 
Retail- 
20% Lowes Purchased 

Nuts and Bolts 6" 6.00 $0.80 $4.80 
Retail- 
20% Lowes Purchased 

Nuts and Bolts 4" 16.00 $0.40 $6.40 
Retail- 
20% Lowes Purchased 

Nuts and Bolts 3" 20.00 $0.40 $8.00 
Retail- 
20% Lowes Purchased 

Nuts and Bolts 2" 60.00 $0.40 $24.00 
Retail- 
20% Lowes Purchased 

misc metal (by foot) 24.00 $1.50 $36.00 
Retail- 
20% 

American 
Metal Supply 
Co. 513-396-

6000 Purchased 
      Total Cost $189.28       

  Total # of Parts 212.00 

Overall 
Cost of 
Vehicle $1,664.94       
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