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ABSTRACT 
 
A third-world country’s necessity for transportation has been a constant need for the last 80 
years. For a senior design project, the College of Applied Science’s Basic Utility Vehicle 
(BUV) team decided to aid in this constant need for transportation for third-world countries. 
The team designed and built a BUV to compete in The Institute of Affordable Transportation 
(IAT) competition. The purpose of this competition is to contribute design characteristics to 
give the company’s designers new ideas for their products. 
 
The BUVs from previous competitions provided a basis from which the team’s design will 
begin. This year’s team will review the problems of the past to learn from the mistakes made 
to insure that they do not happen again. 
 
A survey of farmers, owners of utility vehicles, and engineers was done to obtain the 
importance of the different features on this year’s BUV. These values drive the engineering 
characteristics and customer requirement which the team will have to meet to successfully 
create a vehicle that will satisfy customers.  
 
The product objectives were created to fulfill those customer requirements, but became more 
detailed to include values that can be measured. For example, quiet operation is one of the 
customer requirements and the product objective that meets this requirement is that the BUV 
must be below OSHA standards. These product objectives were used to create the 
preliminary designs that will be used to create the vehicle. 
 
The design section consists of the three design concepts for the cargo bed. A weighted 
decision matrix was used to choose a braced wood cargo bed as the design. The detailed 
design section discusses all the parts of the rear of the vehicle and also how the electrical 
system was laid out. 
 
The fabrication section discusses what processes were used to actually build the vehicle. It 
goes through each section and discusses what parts were used and how they were fastened 
together.  
 
Overall the 2009 BUV Team took 4th place at the IAT competition and won the Most 
Innovative Design Award for the telescopic front end.  
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INTRODUCTION 
 
The 2009 Basic Utility Vehicle (BUV) competition was a design challenge for teams to 
create a BUV to meet the goals of the competition. The Institute of Affordable 
Transportation (IAT) was the sponsor of the competition and they set the design goals and 
requirements.  
 
The purpose of the yearly BUV competition is to provide design ideas to the IAT to be used 
in the vehicles that they produce and send to some of the most rural regions in the world. The 
BUVs that are manufactured are sent to a continent like Africa to be a used as a tool for 
survival. This tool provides an economic chance for these people because it assists them in 
doing work.  
 

IAT CHALLENGE 
 
Each year a panel of IAT provides a theme that the teams must design their BUV to meet. 
Below was the challenge that was put forth for the 2009 BUV competition. 
 
This year the theme was to design a BUV to be driven by polio survivors, landmine 
survivors, amputees, and people that no longer have the use of their legs. The chassis, 
suspension, and rear clip had to come from a small truck such as an S-10. The seat had the 
requirement of sitting two people motorcycle-style and there had to be grab handles for 
assistance in entering and exiting the vehicle. Also, the BUV had to have a trailer and trailer 
attachment that can haul a 300 lb payload. Please see Appendix A for the complete 
competition specifications.  
 

PROBLEM STATEMENT 
 
There is a lack of low-cost transportation for the working poor in rural developing countries. The 
BUV team proposed a basic utility vehicle to help meet developing countries peoples everyday needs 
all over the world. The teams’ challenge was to design the BUV for the 2009 BUV Design 
Competition. The team designed the BUV, fabricated all the parts, and competed in the competition 
on Saturday April 18, 2009. The BUV competed against other college students’ BUVs in a series of 
tests and events to determine the best design. As it says on the competition website, “The Basic 
Utility Vehicle is a vehicle for change. Its purpose is to help meet peoples' everyday needs at the ends 
of the earth. More than cars, we are building people, opportunity, and freedom. BUVs will promote 
trade and reduce poverty at a grassroots level.” 
 
The BUV vehicle has been broken down into the four following portions: drive train, steering 
and braking, chassis and suspension, and the bed and electrical system. The following is the 
list of which team members are assigned to each of those portions: 

• Drive Train – Jeremy Augenstein  
• Chassis and Suspension – Scott Burke 
• Bed and Electrical System – Jason Lewis 
• Steering and Braking – Dan Ross 
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RESEARCH 
 
The information from the research portion of the development process assisted in providing 
design ideas for the competition BUV. Following is a list of research that contributed to the 
initial design ideas.  
 
NORTHERN ILLINOIS UNIVERSITY BUV 
 
The winners of the 2007 BUV competition were from Northern Illinois University (NIU) and 
they built a simple BUV that met the criteria for the competition, see Figure 1. Their vehicle 
was geared towards achieving the goals set forth for the competition, a challenge they 
completed since they did win the competition.  
 

 
 
 
CALVIN COLLEGE BUV 
 
Calvin College was another institution that stood out during the 2007 BUV Competition. 
Their BUV had difference characteristics than some of the other competition. For instance, 
there was exterior bracing on their cargo bed and they had welded square tubing as opposed 
to bent round tube.  
 

 

 
 
 
 
 
 

Figure 1: Northern Illinois University BUV (1) 

Wooden 
Cargo Bed 

Roll Bar Utilizes 
Bent Tubing 

Bed is approx. 2/3 of 
Vehicle 

Figure 2: Calvin College BUV (2) 

Welded Square 
Tubing 

Exterior Bracing 
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SURVEY 
 
A survey was done to better inform the team of what the most important design 
characteristics should be, see survey results in Appendix C. The results for the survey can be 
seen below in Table 1 which shows the importance of each feature to the customer and Table 
2 shows the customer’s satisfaction with said feature. The customer chose a value from 1 to 5 
where 1 is the least important and 5 is of the utmost importance. For the satisfaction page a 1  
means that are not satisfied and a 5 means that they are very satisfied with the current 
products on the market.  

Maneuverability 4.3
Reliability 4.3
Safety 4.2
Ease of Operation 4.0
Durability 4.0
Low Cost 3.7
Resistance to the Elements 3.4
Accessibility for Drivers with Special Needs 3.3
Ease of Repair 3.2
Ease of Assembly 3.0
Environmental Impact 2.9
Quiet Operation 2.7
Ability to Cross Water 2.3

     
  
  

  
 

   

 
   

  
 
Table 2: Survey Results Customer Satisfaction 
Safety 3.9
Reliability 3.4
Maneuverability 3.3
Durability 3.3
Ease of Operation 3.2
Environmental Impact 3.0
Resistance to the Elements 2.9
Ease of Repair 2.8
Ease of Assembly 2.8
Quiet Operation 2.8
Ability to Cross Water 2.7
Low Cost 2.5
Accessibility for Drivers with Special Needs 2.5

     
  
  

  
 

   

 
   

 
 

 
The two most important features for the customer were maneuverability and reliability, and 
the two least satisfying features were low cost and the accessibility for drivers with special 
needs. This information was used to help determine the priorities of the customer features for 
the BUV.     

Table 1: Survey Results - Importance of Each Feature 
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CUSTOMER REQUIREMENTS 
 
The problem at hand is only solved if the customer is completely satisfied that the end result 
meets the customer requirements. Table 3 shows the top five customer requirements that the 
team must meet in order to successfully complete its goal of solving the problem.  
 
Table 3: Customer Requirements 
Accessibility for Drivers with Special Needs
Low Cost
Ease of Repair
Safety
Maneuverability  
 

ENGINEERING CHARACTERISTICS 
 
Once the list of customer requirements was established the list of engineering characteristics 
was formed and inserted into a quality function deployment matrix (QFD), which can been 
seen in Appendix D. This QFD is used to identify the importance of the engineering 
characteristics in relation to one another. Table 4 shows the top five engineering 
characteristics that the BUV team had to focus on to achieve its goal. 
 
Table 4: Engineering Characteristics 
Number of Parts
Driver Seat Position
Braking Distance
Acceleration
Noise Level  
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PRODUCT OBJECTIVES 
 
Table 5 is a list of product objectives and how they will be obtained or measured to ensure 
that the goal of the project was met. The product objectives will focus on the Basic Utility 
Vehicle’s ability to meet competition design standards and on the list of objectives that will 
most likely result in a win at said competition. These product objectives were used to 
determine the proof of design for each person in the group, which can be seen in Appendix E.  
 
Table 5: Product Objectives 

Product Objective Method of Testing
Safety guards covering pinch points and moving parts.
Easy to access kill switch, tow hooks, fire extinguisher, and 
“anti-roll” role protection.

Horn, passenger handles, 1 headlight, 2 tail lights, 2 brake 
lights, 2 light reflectors per side, fenders, grab handles for 
rescue, engine noise shielding, tool kit, rounded edges, 
padding, seat belts.
The vehicle will have the ability to be operated by a person 
having no legs.
There will be at least 2 of the following: driver handles, 
passenger handles, and rescue handles.

The BUV will have a simple lever throttle (as seen on ATVs).
The BUV will have a handle bar type steering system.
The BUV will have a ground clearance of less than 10.5”.
Only 3 types of bolts will be used.
Shields will un-bolt for easy access to guarded parts.
Only basic tools will be needed (ex. no cutting).
Assembly manual will be provided.

Low Cost Vehicle will cost below $4750.
The vehicle will have skid plates protecting the engine 
compartment, transmission, the front differential, and rear 
differential.
Snorkel for intake will be 25 in. above the ground. 

Durability The frame will be able to withstand a torque load of 2250lbs.
Quite Operation The vehicle will adhere to OSHA standards for driver.

The vehicle will have an intake that is above 25”.
The vehicle will have at least 3 shields to protect the engine 
from water.

Ability to Cross Water

Safety

Accessibility for Drivers with Special Needs

Ease of Operation

Ease of Repair

Ease of Assembly

Resistance to the Elements
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Figure 3: Metal Cargo Bed 

Figure 4: Wood Cargo Bed 

DESIGN ALTERNATIVES AND SELECTION 
 
The engineering characteristics and product objectives led to the criteria that were used to 
create the design of alternative concepts. Three designs of the cargo bed are discussed below. 
 

METAL CARGO BED 
 
A metal bed, as seen in Figure 3, was first discussed as a design concept because of its 
durability. It was designed using 16 gauge sheet metal as its base structure.  One of the ideas 
was that the bed would 
not have to have a frame 
or be braced on the sides 
given the material 
strength. However, upon 
further investigation it 
was decided that the bed 
would be heavier than a 
wood version, and the 
material would be harder 
to obtain than wood.  
 

WOOD CARGO BED 
 
The second design that was discussed was just simply substituting wood for the metal in the 
metal cargo bed. This design, as seen in Figure 3, is lighter weight, cheaper, and the materials 
were easier to get than the 
previous design choice. 
The problem with this 
design is that the strength 
is very low compared to a 
metal bed. This was 
considering the fact that  
it would have to hold 
1200 lb. and be able to 
withstand being hit by 
rocks or anything that it 
might come in contact 
with while in motion.  
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Figure 5: Braced Wood Cargo Bed 

BRACED WOOD CARGO BED 
 
The braced wood cargo bed, as seen in Figure 5, incorporates four 2x4 wood pieces that get 
screwed into the bottom and sides of the bed. This provides additional support to the side 
members in case the 1200 lb. load gets thrown against one of the walls. It also has a base 
frame that is made from 1.5 
in. square tubing to provide 
additional support for the 
bottom piece of wood. This 
also assists in how the bed is 
attached to the S-10 back 
half. With this design the 
weight of the bed is spread 
out over this frame and the 
weight at the four points of 
contact to the back half is 
now on metal tubing as 
opposed to wood.  
 

DESIGN SELECTION 
 
One of the three design alternatives had to be chosen to be further detailed into what would 
be used for the final product. The chosen concept should be the one that meets as many if not 
all of the engineering characteristics determined by the customer survey and QFD. The 
analytical method that was used to determine the best design was a weighted decision matrix. 
The user of a weighted decision matrix, as shown in Table 6, takes the design criteria and 
makes a weight factor that ranks the criteria from most important to least important. In this 
case, the three design alternatives are scored based on the strength in relation to the specific 
criteria. This score is multiplied by the weighted factor. Which ever design alternative gets 
the highest sum in the rated column is the one that should go onto detailed design.  
 
Table 6: Weighted Decision Matrix 
    Wood Bed Braced Wood Bed Metal Bed 
Decision Criteria Weight Factor Score Rating Score Rating Score Rating 
Weight 0.5 4 2 4 2 2 1 
# of Parts 0.1 4 0.4 3 0.3 4 0.4 
Durability 0.2 2 0.4 3 0.6 4 0.8 
Cost 0.2 4 0.8 4 0.8 2 0.4 
      3.6   3.7   2.6 
 
As Table 6 shows the winning design alternative is the braced wood bed design and it will go 
onto to become the detailed design.  
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Figure 6: Bed Frame 

DETAILED DESIGN 
 
The detailed design of the cargo bed includes all of the parts and/or sub-assemblies included 
in the design. These components were designed to meet the criteria of the project and operate 
in concurrence with the other team members and their parts. This is to insure that when 
assembly occurred all of the parts would fit together and act as one cohesive unit.  
 

BED FRAME 
 
As seen in Figure 6, the bed frame was constructed of 1.5 in. square tubing to provide ample 
support for the 1200 lb. pay load and the weight of the bed itself. The legs of the bed sat on 
another piece of 1.5 in. tubing that was welded to the S-10 rear clip. This made it so that the 
locating pin only had to prevent the bed from sliding left or right when turning. This reduced 
a serious amount of force on the pin, thus making the design very safe and strong. The height 
of the legs located 
the bed a full inch 
above the shift lever 
on the transmission 
to allow clearance 
between the two 
components. The 
width of this design 
was governed by the 
width of the S-10 
rear clip since the 
fastening point was 
located on the 
exterior surface of 
the frame. This sub-
assembly consists of 
6 parts. 
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Figure 7: Rear Frame 

REAR FRAME 
 
Part of the requirements for the IAT competition were that the teams use a rear clip from a 
small truck that could most likely be found in the region. This included trucks like a 
Chevrolet S-10, Ford Ranger, Ford F-150, or a Toyota Tundra. Since the BUV team had an 
S-10 rear clip 
available, see 
Figure 7, this was 
what was chosen. 
The rear clip 
consisted of the rear 
frame, suspension, 
axle, differential, 
and hub assemblies. 
Also pictured here 
are the bed holders, 
mentioned in the 
bed frame section, 
and the rear tail 
light assembly is 
also visible. This 
sub-assembly 
consists of 43 parts 
and 4 other sub-
assemblies.  
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Figure 8: Cargo Bed 

CARGO BED 
 
The final bed design, as pictured in Figure 8, consisted of a lot of things that meet the 
engineering characteristics and design criteria. This is the braced design that was deemed to 
be the best choice by the weighted decision matrix. Pictured are the four 2x4 pieces of wood. 
It also contains the 2 cu. ft. waterproof storage area and the three pieces of wood that are to 
be used as ramps if necessary. The holder can also be seen with this isometric view and was 
made from 16 gauge sheet metal. It was both welded to the bed frame and bolted to the 
bottom wood piece 
of the cargo bed. 
This final bed design 
also incorporated the 
fender wells which 
govern how wide the 
bed had to be 
because these must 
be directly above the 
tires. This bed was 
required to hold a 
1200 lb. payload. 
Located in Appendix 
G are the 
calculations that 
prove that the bed 
was able to 
withstand a repeated 
load from a 1200 lb. 
payload. This sub-
assembly consists of 
24 parts and 3 sub-
assemblies. 
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Figure 9: Final Rear Assembly 

Figure 10: Vehicle Assembly 

FINAL REAR ASSEMBLY 
 
The final assembly, as 
seen in Figure 9, is an 
assembly that includes 
all of the previous 
components mentioned 
with a couple of 
additions to meet the 
IAT specifications. 
These additions include 
the side reflectors and 
the rescue handles 
located near the rear 
bottom portion of the 
bed inline with the rear 
2x4s for strength.  
 
 
 
 
 
 
 

VEHICLE ASSEMBLY 
 
The vehicle assembly 
incorporated all of the 
parts from every group 
member. In addition to 
the final rear assembly, 
the front frame 
assembly and complete 
drive train have been 
added. The front 
steering and suspension 
assemblies have also 
been added. In this stage 
of the design the 
following safety 
accessories were also 
added: the canopy, 
driver and passenger 
handles, and the fire 
extinguisher.
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FABRICATION AND ASSEMBLY 
 
Fabrication for the electrical system consisted of crimping butt connectors to join and splice 
wired and also using spades to connect the wires to pin terminals at the engine, relay, and key 
starter.  
 
The back half of the vehicle was fabricated using ½ in. square stock, 2 x 4 treated wood, ½ 
in. plywood, 16 gauge steel, 6 x10 treated wood, and the fenders. These parts were fastened 
by welding or using screws and bolts. The following tools were needed to complete the 
fabrication process: mig welder, drill, phillips head, 3/8 & 1/2 in. drill, 3/8 in. socket, 1/2 in 
ratchet, adjustable wrench, jig saw, clamps, and an angle grinder. Drawings for dimensions 
are located on the supplied CD.  
 

ELECTRICAL SYSTEM 
 
The electrical system for the BUV consisted of a battery, chassis, engine, kill switch, relay, 
key starter, fuel solenoid, tail lights, brake lights, a headlight, and a vacuum pump. Seen in 
Figure 11 is the wiring diagram for the vehicle. While all other electrical components just 
used the common power and ground source wires, the following need additional sources: the 
engine, relay, key starter, and fuel solenoid. The engine had a constant power wire attached 
to the battery, to charge the battery; it was ground to the chassis, had a wire going to the key 
starter, and also another ground was needed to ground to the battery.  
 
The relay was used to make the kill switch operate correctly. Constant power was run 
through pin 30 using an 8 gauge wire with a 40 amp fuse on it. When the relay was powered 
the switch inside the relay would allow power to pass out of pin 87. Power from the kill 
switch ran through pin 85 and this was the power source that made the relay turn on. Also pin 
86 was attached to the ground to complete the electrical circuit. Pin 87 was the power source 
for the fuel solenoid and the accessories and when the kill switch was hit everything shut off 
except for the vacuum pump for the brakes which was connected through the run pin on the 
key starter. 
 
The key starter had the following 
positions: constant positive, constant 
negative, run, start, and start/run. The 
constant positive and constant negative 
pins were connected to the battery at all 
times. The start pin was only connected 
to the electrical starter on the engine. 
The start/run pin was only connected to 
the engine and the kill switch. So this 
means that the vehicle could only be 
started when the kill switch allowed 
current to pass and when the power was 
engaged through the key starter.   

Figure 11: Wiring Diagram 
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FUEL SOLENOID 
 
The only way to cut off a diesel engine is to cur the fuel course. An engine that has s spark 
plug can be cut off by killing the power to the distributer which provides power to the spark 
plugs. Since the engine used on the BUV was a biodiesel engine a fuel solenoid was needed 
to disrupt the flow of fuel into the engine. Pictured in Figure 12 is the fuel solenoid with the 
required electrical connection. 
 
When the fuel solenoid is powered the black plunger is pulled back into the solenoid to let 
the fuel pass. So when the electrical system is on, in the start mode, or in running mode, that 
plunger is located back against the threads seen in Figure 12. When the kill switch was 
pressed or the electrical was turned off using the key starter the plunger would be pushed out 
of the solenoid as 
picture in Figure 12. 
This would disrupt the 
stream of fuel going 
into the diesel engine 
and kill the motor. 
 
At the BUV 
competition out team 
was the only team that 
had an electrical kill 
switch. Other teams 
used levers to push the 
throttle low enough to 
cut the fuel to the 
engine.  

Figure 12: Fuel Solenoid 
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BED FRAME 
 
The fabrication of the bed frame started by cutting the ½ in. square stock into the required 
lengths. This included all four sides 
of the frame as well as the legs that 
were the mounting points. After the 
legs were cut ½ in. holes were 
drilled using a step drill to allow the 
pin to slide freely in and out of the 
legs. After these parts were 
fabricated they were welded 
together using a mig weld. Treated 
2 x 4 pieces of wood were cut and 
placed in between the frame rails 
and rested on a welded plate. In 
Figure 13 the bed frame can be seen 
below the base piece of plywood 
and the legs of the frame can also 
be seen.  
 
 

REAR FRAME 
 
The rear frame that was used for the BUV this year was from a Chevrolet S-10 truck. The 
receivers for the bed frame, which can be seen in Figure 13, were fabricated from the ½ in. 
square stock and also had ½ holes 
drilled in them to allow the pin to 
pass freely. These receivers were 
then welded onto the rear frame 
along with the hitch assembly, 
which was also fabricated from the 
½ in. square stock and can been 
seen in Figure 14. The rear tail light 
assembly was fabricated by using a 
brake press to cut and bend the 16 
gauge sheet metal at a 900 angle. 
Then a plasma cutter was used to 
cut out the holes that the tail lights 
sat in. Silicon was used to seal the 
connection and keep the tail lights 
in place.  

Figure 13: Bed Frame 

Figure 14: Rear Frame 
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CARGO BED 
 
The cargo bed is located on top of the rear frame and the bed frame. The base piece of 
plywood is bolted to the square stock of the frame 
and screwed to the 2 x 4 boards that were fastened 
earlier in the fabrication process of the bed frame. 
The plywood sides, as seen in Figure 15, were then 
cut out using a jig saw and screwed to the base 
piece of plywood. The 2 x 4 boards where then 
screwed into the base and side pieces of plywood. 
The fenders were then screwed piece of wood that 
closed off the hole to the inside of the bed and the 
fender was then screwed to the bed.  
 

ACCESSORIES 
 
The accessories included the following parts: two 
waterproof storage boxes, holders for the 6 ft. long 
2 x 10 in. boards, foam padding, engine shield, fire 
extinguisher, roll bar, handles, and sun protection. 
The waterproof storage boxes were made from the 
16 gauge steel. The pieces were cut and bent using 
the press brake. The sides and bottom of the boxes 
were one piece that was bent to a 900 angle. Then 
the back and top were mig welded at a very low 
power setting while moving very fast through the 
weld and the welds were only about an inch long. 
As seen in Figure 16, the front piece was screwed 
to the three hinges and those hinges were then screwed to 
the sides of the box. Silicon was then run along the inside 
of the box on the seams to ensure a waterproof seal. Foam 
padding on the intersection between the door and box was 
used to obtain a waterproof seal there.  
 
The holders for the boards were cut from the 16 gauge 
steel using a press brake. The steel was then bent at 900 
angles using a magnetic hand bender. As seen in Figure 17 
they were then welded to the bed frame. The foam 
padding was placed on possible places where the driver or 
passenger could injure themselves. The padding was 
fastened using wire-ties. The fire extinguisher is located 
on the front board of the cargo bed to the passenger right 
side. The holders were screwed into the bed and the 
extinguisher was fastened to that. The roll bar, as seen in 
Figure 18, was fabricated by welding the three pieces that 

Figure 15: Cargo Bed 

Figure 16: Waterproof Storage Box 

Figure 17: Board Holders 
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went over the drivers head on the floor. These were then placed on the vehicle and welded 
into place. When this was 
accomplished the two support 
pieces were then welded to the 
top. The handles were then 
welded to the rear roll bars to 
provide help with entering the 
vehicle. The sun protection was a 
simple tarp that was fastened to 
the roll bar using zip ties.  
 
 
 
 
 
 
 

 
 
FINAL ASSEMBLY 
 
The final assembly was broken into two parts. The BUV for the competition was officially 
completed the night before the 
competition. The Tech Expo 
assembly, as seen in Figure 19, 
was finished about two weeks 
after the competition. The car was 
power-washed to get all the mud 
off and then the frame was 
painted black. A Tech Expo the 
tires were shinned and the seats 
were armoralled to give the BUV 
a show car look. 

Figure 18: Competition Vehicle 

Figure 19: Tech Expo 
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TESTING, RESULTS, AND ROCOMMENDATIONS 
 
The two types of testing that were done with the vehicle were held at CAS and at the IAT 
competition on their test tracks. 
 

COLLEGE OF APPLIED SCIENCE TEST 
 
The first test was done in the parking lot of CAS to verify that everything that had been 
installed up to that point was working properly. This was the first time the vehicle was 
electrically started and was also when the team started working with the transmission to get 
the desired set-up. The final test was done just before leaving for the competition just to 
verify that when the BUV arrived it would be drivable.  
 

ENDURANCE TEST 
 
The endurance was the first event at the competition. It involved driving the BUV around a 
circle for an hour. This test is designed to let the BUV endure the vibrations caused by the 
engine running and from the vehicle actually being driven around. The good news that the 
team got from this test was that the BUV lapped another BUV 6 times during this event 
which told us that the car was fast. The problems that were seen during this event were that 
the bolts on the reverse shifter came loose and we lost the ability to reverse for the rest of the 
competition. Another thing that happened was the tail gates came unfastened. This can be 
solved by using a bigger gate clasp to fasten the two gates. This event resulted in a third 
place finish 
 

ACCELERATION TEST 
 
The acceleration test was the next event that was on the schedule. This event is basically a 
drag race between all of the BUVs at the competition. The first race the team almost came in 
last because the transmission slipped out of the forward gear twice. There is really no way or 
reason to fix this because it didn’t happen again for the rest of the day. This event was the 
best of two runs and on the second run the BUV came in first place. Another BUV that was 
in a different class beat us but since they were in a different class they did not have to follow 
all of the criteria that our BUV did, thus they were a lot lighter. None the less both BUVs 
blew away the rest of the field.  
 

AGILITY COURSE 
 
The agility course involves during both in the left and right directions. There are cones and barrels set 
up that the driver must go around and a slalom test that finishes out the course. . The first run the 
BUV ran into a tree that was there because the turn was not taken wide enough. But on the second run 
corrections were made and this course was complete quickly and with only hitting the last two cones 
of the slalom section. A way to improve on this event would be to play with the rack and lead of the 
front end to make the turning radius better. This resulted in a tied for third place finish.  
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OBSTACLE COURSE 
 
The obstacle course was the first event that really tested the BUVs. It began with BUV 
rolling over logs and other pieces of wood. Then the BUV had to you climb and descend a 
hill and go into a mud put that had bricks thrown into it. After going over a couple of more 
hills the BUV had to make a u-turn around a barrel. The final stretch consisted of going 
through a sand pit and into some ruts. The problem with the ruts is when the BUV tilted to 
the left the vehicle would want to snap turn left because that is that side that the mono-fork 
was on. After the ruts was a 4 in. wide ditch that was dug into the ground and was directly 
followed by a 4 in. high board. This made the front tire pop straight up in the air. Then the 
BUV had to make a left turn down a hill, through a mud pit, over a shipping palette, into 
another mud pit, and then a right turn through the finish line. On the first run our BUV ran 
the course in 2 minutes and 9 seconds. The production BUV ran the course in 2 minutes and 
15 seconds and the nearest collegiate competitor ran the course in 3 minutes and 9 seconds. 
This by far proves that out BUV was the fastest vehicle at the competition. The second run 
however presented problems. In the beginning of the run a log hit one of the side storage 
boxes and knocked it off the bed. Some ways to solve this would be to use wider fasteners to 
fasten the boxes to the base piece of plywood or weld the box to the bed frame. Another 
problem was that the BUV bottomed out on the biggest hill on the course as well as the hitch 
assembly got knocked off. A way to solve these problems would be to install a lift kit on the 
vehicle to increase the ground clearance. The final problem occurred when people were 
trying to get the BUV unstuck. The people were pushing and pulling on the sides of the cargo 
bed and ripped off the sides. This problem can be solved by making the sides out of the 6 x 
10 in. boards that were used for the ramps and you would use metal end braces to keep them 
in place. This event resulted in a third place finish because of the second run.  
 

MOGUL COURSE 
 
The mogul course consists of 2 to 3 foot high mounds that the BUVs have to navigate over. 
The BUV really needs about a foot of ground clearance to be able to do this course 
successfully. The first run we bottomed out on the first mogul and were not able to even start 
the course. Fortunately there are points for trying so the team got a tie for fourth place on this 
event.  
 

MUD PIT 
 
The mud pit consisted of starting on dry land. The BUV then went through a relatively hard 
mud put and then back on dry land. Then there was a right turn through a wetter mud put. 
During this turn the BUV wasn’t able to complete the turn so it ran over a very large bush. 
Then there was a u-turn around a tree and the driver had to drive through the same bush as 
before because of the turning radius. Then at full speed the BUV went into the big mud pit 
which was about a 50 50 mixture of water and mud. The front tire was on dry land when the 
back tires fell into 10 in. deep ruts filled with water and got stuck. The recommendations 
would be to again work on the turning radius and also maybe think about tractor tires. 
However, it seemed the biggest problem occurred when the BUV got stuck the driver 
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couldn’t spin the tires because the belt was slipping on the clutch. This could be solved by 
using another type of connection system between the engine and intermediate shaft. This 
event resulted in a third place finish. 
 
PRODUCT MANAGEMENT  
 
This senior design project was a joint effort by all members of the group. Therefore, every 
Wednesday at 3:00 P.M. the group and senior advisor, Janak Dave, met to discuss where the 
project was going and make a decision on what needed to be done during the next week. 
Each week all members of the group were required to submit a paragraph explaining what 
they accomplished the previous week and what they planned to accomplish during that 
current week.  
 

SCHEDULE 
 
Two documents were written to ensure that the BUV team stayed on track so that it could be 
successful. The schedule allowed the team to review its progress each week and to ensure 
that the vehicle was completed on time. As seen in Table 7, the vehicle was completed on 
time but the team got a little behind schedule during the assembly process. This was 
corrected by putting in a lot of hours in the two weeks leading up to the competition. The 
BUV was completed on time for the competition and Tech Expo.  
 
Table 7: Schedule 
  Proposed Actual 
Proof of Design Agreement 11/17/08 - 1/5/09 11/17/08 - 1/5/09 
Concept Sketches & Selection 1/5/09 - 1/25/09 1/5/09 - 1/25/09 
BUV: Design Tasks 1/26/09 - 2/12/09 1/26/09 - 2/16/09 
BUV: Design Freeze 2/12/2009 2/18/2009 
BUV: Ordering Parts 2/16/09 - 3/1/09 2/16/09 -4/10/09 
BUV: Fabrications 3/02/09 -3/15/09 2/16/09 -4/10/09 
Senior Design I - Oral Presentation 3/02/09 - 3/8/09 2/26/2009 
Senior Design I - Design Report 2/23/09 - 3/10/09 3/16/2009 
BUV: Full - Assembly 3/02/09 - 4/5/09 3/23/09 4/16/2009 
ASME Conference Presentation 3/28/2009 3/28/2009 
BUV: Preliminary Test 3/30/09 - 4/08/09 4/13/09 -4/15/09 
IAT Competition Report 3/30/09 - 4/19/09 4/17/09 
BUV: Final Testing 4/13/09 - 4/22/09 4/15/09 – 4/16/09 
BUV Competition 4/25/2009 4/17/2009 
CAS Tech Expo 5/07/2009 5/07/2009 
Senior Design II- Oral Presentation 5/11/09 - 5/25/09 5/29/2009 
Senior Design II- Final Report 5/18/09 - 6/4/09 06/05/ 2009 
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BUDGET 
 
A budget was also produced to forecast how much money the team would have to raise in 
order to be successful in competing in the competition. The total cost will be $2915.79 to 
complete this senior design project. This money was either raised or paid for by the students 
of the BUV team. The budget has been moved around as far as the values are concerned 
because some parts of the vehicle were found to be cheaper and some parts were found to be 
more expensive. The budget for the rear end assembly is so low because it was mainly built 
using modified parts from the previous years’ BUV. Since the team was on the edge of the 
budget this portion of the project was where a lot of the costs savings went. See Table 8 for 
the overall budget of the vehicle.  
 
Table 8: Budget 

Assembly Proposed Cost Prototype Cost IAT Cost 

Drive Train Assembly $1,975.00 $227.55 $2,083.28 

Chassis Assembly $1,148.00 $350.00 $175.00 

Rear End Assembly $208.00 $254.00 

Steering Assembly 

$1,105.00 

$242.23 $121.12 

Brake Assembly $53.47 $26.74 

Front Suspension $522.04 $261.02 

Accessories $615.00 $1,312.50 $666.25 

Labor Free Free $46.00 

        

Totals $4,843.00 $2,915.79 $3,633.41 
 

CONCLUSION 
 
The 2009 University of Cincinnati, College of Applied Science, Basic Utility Team finished 
4th place and won the Most Innovative Design award for the telescopic front end. There were 
no catastrophic problems with the BUV and after the competition the team drove the car into 
Tech Expo and drove it out of Tech Expo. The team also contributed to something for the 
good of man. This project hopefully will be able help all future people who are in need of a 
BUV to be able to better the quality of their life. WE BUILT A CAR. Any questions? 
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APPENDIX B- RESEARCH  
 
Previous BUV Competition Vehicles 
 

 
 
 
 

• Wooden Cargo Bed 
• No bracing visible 
• Length is about 2/3 of car 
• Hinged Sidewalls 
• Sidewalls about 2 ft. tall 
• Headlights on front grill 

 

 

• Converts easily 

• Few Pinch Points 

• Weight concern 

• No seats 

• Roll Bar Bent Tubing 

 

  
 
 

• Wooden Cargo Bed 
• Removable sidewalls 
• Headlights attached to roll bar 
• Bracing is visible to exterior 

 

 
• Few Pinch Points 

• No seats 

• Long time to convert 

• Weight Concern 

• Welded square tubing for 

roll bar 

http://www.niu.edu/PubAffairs/RELEASES/2007/may/BUV.shtml 
9/26/2008.Northern Illinois University BUV  

http://www.calvin.edu
/news/2006-07/team-
buv.htm.9/26/2008 
Calvin College BUV  
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http://www.calvin.edu/news/2006-07/team-buv.htm�
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APPENDIX C - CUSTOMER SURVEY WITH RESULTS 
 
We are a group of seniors at the University of Cincinnati studying Mechanical Engineering 
Technology. Our Senior Design Project is a Basic Utility Vehicle (BUV) that is to be used 
for amputees in third world countries such as Africa as a means of transportation. Please take 
a few minutes to answer the following questions: 
 

1. How important is each feature to you for the design of a Basic Utility 
and All-Terrain Vehicle? 
 
Please circle the appropriate answer!  1 – Low Importance 5- High Importance 

          
                                Avg.  

 
 Safety    1 2 3(8) 4(12) 5(15) N/A  4.2 
 
 Accessibility for Drivers  1(3) 2(7) 3(6) 4(8) 5(10) N/A  3.3 
  With Specials Needs 
 
 Ease of Operation  1 2(1) 3(13) 4(7) 5(14) N/A  4.0 
 
 Ease of Repair   1 2(4) 3(6) 4(10) 5(9) N/A (6) 3.2 
 
 Ease of Assembly  1(2) 2(2) 3(12) 4(11) 5(4) N/A (4) 3.0 
 
 Low Cost    1(2) 2 (2) 3(5) 4(10) 5(16) N/A  3.7 
 
 Resistance to the Elements 1(2) 2 (7) 3(8) 4 (10) 5 (8) N/A  3.4 
 
 Durability    1  2 3(8) 4 (19) 5 (8) N/A  4.0 
 
 Maneuverability   1 2 3(8) 4 (7) 5 (20) N/A  4.3 
 
 Reliability   1 2 3(6) 4 (13) 5 (16) N/A  4.3 
 
 Environmental Impact  1(3) 2(8) 3(12) 4(8) 5(3) N/A (1) 2.9 
 
 Ability to Cross Water  1(6) 2(12) 3(8) 4(5) 5(1) N/A (3) 2.3 
 
 Quiet Operation   1(4) 2(8) 3(16) 4(4) 5(2) N/A (1) 2.7 
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2. How satisfied are you with the current Basic Utility and All-Terrain 
Vehicles? 
 
Please circle the appropriate answer!  1 – Very Unsatisfied 5- Very Satisfied  
 
                     Avg. 

 
 Safety    1 2 (1) 3 (5) 4 (12) 5 (14) N/A (3) 3.9 
 
 Accessibility for Drivers  1(6) 2(5) 3 (12) 4 (5) 5 (3) N/A (4) 2.5 
  With Specials Needs 
 
 Ease of Operation  1 2(3) 3 (4) 4 (16) 5 (6) N/A (6) 3.2 
 
 Ease of Repair    1(2) 2(3) 3(11) 4 (9) 5 (4) N/A (6) 2.8 
 
 Ease of Assembly  1(2) 2(6) 3(12) 4(6) 5(5) N/A (4) 2.8 
 
 Low Cost    1(8) 2(5) 3(9) 4(8) 5(2) N/A (3) 2.5 
 
 Resistance to the Elements 1(3) 2(4) 3(10) 4(13) 5(2)  N/A (3) 2.9 
 
 Durability    1 2(3) 3 (13) 4 (11) 5(5) N/A (3) 3.3 
 
 Maneuverability   1 2(1) 3(5) 4 (17) 5 (9) N/A (3) 3.7 
 
 Reliability   1 2 3(14) 4(13) 5(5) N/A (3) 3.4 
 
 Environmental Impact  1(1) 2(6) 3(15) 4(8) 5(3) N/A (2) 3.0 
 
 Ability to Cross Water  1(3) 2(4) 3(8) 4(5) 5(8) N/A (7) 2.7 
 
 Quiet Operation   1(2) 2(2) 3(12) 4(10) 5(3) N/A (6) 2.8 
 
  
 

3. How much would you be willing to pay for this product? 
 
 $ 500 - $ 1000 (8)  $ 1,000 – $ 1,500 (17) 
 
 $ 1,500 - $ 2,000 (6)   $2,000 – $ 2,500 (4) 
 
 
 
We would like to thank you for your time in filling out our survey!  
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APPENDIX D- QUALTIY FUNCTION DEPLOYMENT  
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Safety 1 3 9 4.2 3.9 5 1.3 5.4 0.09 9%
Accessibility for Drivers with Special Needs 9 3.3 2.5 5 2.0 6.6 0.11 11%
Ease of Operation 3 1 3 4.0 3.2 4 1.3 5.0 0.09 9%
Ease of Repair 1 3 3 3.2 2.8 4 1.4 4.6 0.08 8%
Ease of Assembly 1 9 3 3.0 2.8 4 1.4 4.3 0.07 7%
Low Cost 3 3 9 3.7 2.5 4 1.6 5.9 0.10 10%
Resistance to the Elements 3 1 9 3.4 2.9 3 1.0 3.5 0.06 6%
Durability 1 3 4.0 3.3 4 1.2 4.8 0.08 8%
Maneuverability 3 3 9 4.3 3.7 4 1.1 4.6 0.08 8%
Reliability 3 3 1 4.3 3.4 3 0.9 3.8 0.07 7%
Enviromental Impact 1 3 2.9 3.0 3 1.0 2.9 0.05 5%
Ability to Cross Water 9 1 9 2.3 2.7 4 1.5 3.4 0.06 6%
Quiet Operation 3 9 1 2.7 2.8 3 1.1 2.9 0.05 5%
Abs. importance 0.44 0.55 0.39 0.37 0.45 0.92 0.00 0.37 0.55 0.24 1.16 1.03 0.25 45.3 57.8 1.00
Rel. importance 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01 0.03 0.02 0.01  
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APPENDIX E - PRODUCT OBJECTIVES 
 
The following is a list of product objectives and how they will be obtained or measured to 
ensure that the goal of the project was met. The product objectives will focus on the Basic 
Utility Vehicle’s ability to meet competition design standards and on the list of objectives 
that will most likely result in a win at said competition. 
 
Safety:  

1.) Safety guards covering pinch points and moving parts. 
2.) Easy to access kill switch, tow hooks, fire extinguisher, and “anti-roll” role 

protection. 
3.) Horn, passenger handles, 1 headlight, 2 tail lights, 2 brake lights, 2 light reflectors per 

side, fenders, grab handles for rescue, engine noise shielding, tool kit, rounded edges, 
padding, seat belts. 
 

Accessibility for Drivers with Special Needs: 
1.) The vehicle will have the ability to be operated by a person having no legs. 
2.) There will be at least 2 of the following: driver handles, passenger handles, and 

rescue handles. 
 

Ease of Operation:  
1.) The BUV will have a simple lever throttle (as seen on ATVs). 
2.) The BUV will have a handle bar type steering system.  
3.) The BUV will have a ground clearance of more than 10.5”. 

 
Ease of Repair:   

1.) Only 3 types of bolts will be used. 
2.) Shields will un-bolt for easy access to guarded parts. 

 
Ease of Assembly:   

1.) Only basic tools will be needed (ex. no cutting). 
2.) Assembly manual will be provided. 

 
Low Cost:  

1.) Vehicle will cost below $4750. 
 

Resistance to the Elements:  
1.) The vehicle will have skid plates protecting the engine compartment, transmission, 

the front differential, and rear differential. 
2.) Snorkel for intake will be 25 in. above the ground.  

 
Durability:   

1.) The frame will be able to withstand a torque load of 2250 lbs. 
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Quiet Operation:  
1.) The vehicle will adhere to OSHA standards for driver. 

 
Ability to Cross Water: 

1.) The vehicle will have an intake that is above 25”. 
2.) The vehicle will have at least 3 shields to protect the engine from water. 
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APPENDIX F: PROOF OF DESIGN 
 

Jason Lewis 
 

Senior Design 
 

January 21, 2008 
 

Proof of Design 
 
This document lists all of the design characteristics that the student must meet in order to 
satisfy his portion of the design project. The design characteristics that are listed below are 
derived from the Institute of Affordable Transportation (IAT) competition specification. The 
following are the proof of design characteristics:  
 

• The BUV will have safety guards that will cover pinch points. 
• The BUV will have safety guards that will cover moving parts. 
• The BUV will have an easy to access kill switch that is no more than 2.5 ft. away 

from the driver’s center. 
• The BUV will have a fire extinguisher. 
• The BUV will have “anti-roll” protection in the form of a roll cage. 
• The BUV will have at least 2 of the following: driver handles, passenger handles, and 

rescue handles. 
• The BUV will have 1 headlight, 2 tail lights, 2 brake lights, and 2 light reflectors per 

side. 
• The BUV will have a horn. 
• The BUV will have a shield to protect the engine from water. 
• The BUV will provide at least 2 cubic feet of easy access, water-proof storage under 

cargo deck. 
• The BUV will have the standard wiring plug and lights for safety purposes. 
• The BUV will provide protection from the elements for the seating area. 

 
 
 
 
___________________________________ 
Jason Lewis 
 
 
 
 
 
________________________________ 
Janak Dave
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APPENDIX G – BED CALCULATIONS 
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