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ABSTRACT 
 
The BUV is a basic utility vehicle that can benefit low-income families in rural areas of 
developing countries. The mobility that we often take for granted in the United States can be 
a life-giving tool for people in developing nations. BUVs open up possibilities for faster 
delivery of goods to remote villages, for quickened access to medical care, and for the safe 
transport of people though rugged terrain. Today there are over 90 BUVs serving 19 
countries across Africa and Central America. The first competition was held in 2001 and has 
been an annual event ever since with more than 30 universities competing each year. Student 
teams design and build these vehicles to compete in a series of tests and events to determine 
the best design. This project will be split up between four seniors from the College of 
Engineering and Applied Sciences at the University of Cincinnati in the Mechanical 
Engineering Technologies department. Ryan Barker designed the drive train, Joe Barnett 
designed the frame and chassis, Ben McFarland designed the front end and suspension, and 
Brad Morgan designed the electronics and controls.  
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INTRODUCTION – PROBLEM STATEMENT AND RESEARCH 
 
PROBLEM STATEMENT 
 
The Basic Utility Vehicle (BUV) competition is a design competition that is held on every 
year to try and develop a low cost vehicle to help improve the lives of the impoverished 
around the world. The Institute for Affordable Transportation (IAT) is a non-profit 
organization, whose primary goal is to assist in providing alternative vehicles with basic parts 
and designs (1). They strive for basic vehicles so that if parts go bad or something on the 
vehicle breaks it can be fixed or replaced at a low cost. Vehicles mass produced by 
companies like Polaris (2) and Kubota (3) are of excellent quality but the replacement parts 
aren’t off the shelf products and have to be specially ordered. Countries struggling with 
poverty would have a hard time getting these parts due to accessibility and cost. This is why 
the IAT holds the student design completion in Indianapolis Indiana every year to change the 
lives of those less fortunate.  

The IAT comes up with criteria and a theme 
for each year’s competition. This year’s 
competition theme is “Off Highway Truck” (1). 
Every team in the given year must meet every 
requirement to compete in the competition, 
although the requirements change yearly, two 
remain the same; the vehicles must be cost 
effective and must be able to operate over 
rigorous terrain. From Figure 1 you can see that 
the BUV will be operated on few paved roads but 
primarily dirt roads or paths. The roads in 
poverty countries will often be washed out after 
rain fall and create ruts in the road making it more difficult to travel on. The condition of the 
roads is uncontrollable and just like in Figure 1, transportation of students to schools or 
public transportation will always be a daily occurrence. The IAT has taken this into 
consideration and that is why they have come up with the specific criteria for each car to 
meet so that they can ensure that the lives of the less fortunate will be improved.  
TEAM MEMBERS AND RESPONSIBILITIES 
 
Brad Morgan 

 Electrical Controls, Steering, Acceleration 
 
Joe Barnett 

 Frame and Chassis, Bed Design 
 
Ryan Barker 

 Drive-train, Engine and Transmission, Brakes (All Wheels) 
 
Ben McFarland 

 Front End, Suspension and Front Wheel Design 

Figure 1: Basic Utility Vehicle 
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RESEARCH AND BACKGROUND 
 
The research for the BUV design project started on the competitions website, videos, 
pictures, and documentation from previous competitions gave the team a better 
understanding about the whole competition. The competition criterion wasn’t available on 
the website, so the team contacted the director of the event directly to get all the 

specifications. Once the requirements were 
understood the team began gathering 
information on vehicles that would meet 
most if not all the specifications for the 
competition. The mass produced vehicles 
found were all beneficial but they were all 
being sold at a high cost. In Figure 2 is a 
Polaris Ranger, this vehicle meets a number 
of requirements that the IAT has put in their 
criteria but this vehicles cost is $11,399, 
which is 7.59 times more than the $1500 
goal for the competition (2).  

 
 
 

A meeting was set up with last year’s BUV team to get a better understanding of the 
whole project and gain some insight on how to build a winning BUV. The team pointed out 
areas they struggled with and gave tips for design ideas that worked out well in the 
competition. A few major things they said to incorporate into the build is a three-wheeled 
design and to properly select the wheels and tires for the BUV.  
 A three-wheel design is the ideal design for multiple reasons. A few reasons the three-
wheel design works best is: there will be less weight in the front end because there is one 
wheel in the front instead of two and the body of the BUV can be slimed down. This will also 
cut the cost because four wheels and tires would need bought instead of three. Another plus 
to three-wheels is less material for the design of the body. The wheels and tires need to be 
selected properly because this year’s requirements are for a vehicle to be able to drive on 
normal road conditions but also be able to go off road and handle the rugged terrain of 
Africa. 

The Baja Pick Up Truck that is pictured in 
Figure 3 is a great type of vehicle to take a close 
look at because it has a three-wheel design, a nice 
size bed in the back, and can carry 1,052 pounds 
(4). From this vehicle the design the team could 
learn a lot. The way the Baja has incorporated the 
three wheel design with the bed in the back 
would give the team an idea of the structure 
design needed to accomplish a similar design. 
This vehicle would not meet the payload 
requirement but with some improvements to the 
design the vehicle would be able to withstand 

Figure 2 - Polaris Ranger 

Figure 3 - Baja Pickup Truck 
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more weight. A problem with the Baja is that the assembly of this vehicle will incorporate 
too many parts. The parts to fix a vehicle like the Baja are not parts you can find at a junk 
yard or your local auto parts store. They would have to be specially ordered which will be 
potentially be costly depending on the part. When designing the BUV, a goal is to use as few 
parts as possible and uniform nuts and bolts where applicable. 
 

In Figure 4 is the 2008 BUV design 
competition winner from Alfred State 
College (5). This team had similar 
requirements as this year’s BUV 
design. This BUV has a 10 
horsepower diesel engine just as 
required for this year’s competition. 
If there was a vehicle out there that 
this year’s team should model their 
design after it should be this BUV. 
This vehicle used all standard parts in 
their design whereas this year’s needs 
to be in all metric because the design 

is for impoverished countries outside of the US, which all use metric tools and parts. From 
the picture it can be seen that the vehicle has sufficient ground clearance to meet the 
specifications for this year of nine inches. The criteria for this year’s design says that a 
Chevy S10 or compact Toyota pickup truck axle must be used, so the frame that the bed of 
the truck lays on will have to match type of axel used. From the picture above, a truck frame 
is present which would have to be incorporated into this year’s design, as well so that the 
center distances between the wheels will match up.  
 During the design and build competition, 
each team will have to do a series of events 
and will receive scores based on performance. 
Last year’s BUV team struggled making it 
through the mud pit portion of the events 
because the tires were not suitable for the 
mud. The tires were not able to get any 
traction and therefore the vehicle struggled in 
the mud. Tires that are in Figure 5 are for all 
terrains but would not work well because they 
are primarily for flat dry surfaces not to be 
off- road in muddy rutted areas (3). In the 
same event the team did not have suitable 
guards on all of their components, which 
caused the gear, and chain drives to get bound up and not operate properly. The vehicle in 
figure 5 has all the appropriate guards and all the components that are doing the work are 
completely covered so that no matter the driving conditions the car will still be able to 
operate correctly. 
 
For all the research see Appendix A. 

Figure 4 - Alfred State College BUV 

Figure 5 - Kubota RTV 
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CUSTOMER FEATURES AND REQUIRMENTS 
 

CUSTOMER SURVEY 
 
The BUV design competition is geared toward impoverished countries, so the customer 
survey could not be given directly to them. The survey was given out to ATV owners, 
Engineers, and a few farmers. A total of 20 different people were asked to rate our features 
on a scale of 1-5 and then asked to do the same for how satisfied they were with the current 
options available on the market today. In both sections there is also an option of not 
applicable if they felt that the question did not pertain to them or if they just didn’t have an 
opinion of the question. The customer features with their average are in Table 1, and 
customer satisfaction with their averages can be seen in Table 2 below.  
Table 1 - Customer Importance 

Table 1 - Customer Importance ranked 
from the most important to the least 
important feature to the customer. From 
the data collected the reliability and price 
are the most important features to those 
surveyed. The safety of the vehicle 
received the least amount of importance of 
the nine features. 
 
 
 
 
Table 2 - Customer Satisfaction 
From Table 2, the customer satisfaction 
was calculated the same as the data in 
Table 1. The values are ranked in the order 
the customer believes that can be 
improved on the most. The price and 
cargo area received the lowest total rating 
of the nine features so that is why they are 
at the top of the list. The feature the 
customer is most satisfied with is the 
safety of their current vehicle and that is 
why it’s at the bottom of the list. 
 
 

 
 
 
 
 
 
  

Customer Features Customer Importance
Reliability 4.50

Price 4.17
Cargo Capacity 4.11

Off-Raod Capability 4.08
Ease of Maintainance 3.61

Cargo Area 3.50
Manuevarability 3.44

Ease of Assembly 3.39
Safety 2.72

Customer Features Customer Satisfaction
Price 2.97

Cargo Area 3.14
Reliability 3.19

Ease of Maintainance 3.28
Ease of Assembly 3.56
Manuevarability 3.56
Cargo Capacity 3.83

Off-Raod Capability 3.88
Safety 4.11
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At the end of the survey is a question asking how much the surveyed customer would be 
willing to pay for a basic utility vehicle. The results as seen in Table 3 from the survey are 
ranked from the price most were willing to pay to the price that was least desirable.  
 
Table 3 - What Customers Are Willing To Pay 

The IAT set a target goal of $1500 
for the total cost of the vehicle. 
From the table it is clear that the 
$1500 cost is a great goal to shoot 
for because that is the price that 
most would be willing to pay if the 
BUVs were put into mass 
production. The $1500 price for a 

BUV in countries suffering from poverty would be a hard purchase for residences due to the 
little income they bring in. The full customer survey with results can be seen in Appendix B. 
 

CUSTOMER FEATURES: 
 
To achieve the values for the customer features, the data collected from the customer 
importance and customer satisfaction has to be taken into consideration. From the data 
collected in the survey, the most important features to our customers are present. The 
customer features can be altered if the team feels that they can improve the rating of the 
customer. The ratings can be improved by using a design multiplier and an improvement 
ratio. A value between 1.0 and 1.2 is used as the design multiplier and the improvement ratio 
varies from 1.0 to 1.3 depending on how much the team thinks the customer rating can be 
improved on. Not all ratings can be improved because the relative weight is out of 100%, so 
if one rating is improved on another has to go down to balance the weights back out. In Table 
4 below, the customer requirements with their relative weights are shown. 
 

 
In Table 4 the customer features 
from Table 1 are now the customer 
requirements. The customer 
requirements are listed from the 
highest relative weight to the lowest. 
The team believes that the ease of 
maintenance rating by the customer 
can be improved on the most and the 
maneuverability will be the hardest 
to improve.  
 
 

  

Rank Price Willing to Pay Price
1 $1500-$2500 14
2 $2500-$3000 10
3 $3000-$3500 8
4 $500-$1500 4

Customer Requirements Relative Weight (%)
Ease of Maintainance 14.0%

Reliability 12.0%
Ease of Assembly 12.0%

Off-Raod Capability 11.0%
Cargo Area 11.0%

Cargo Capacity 11.0%
Price 11.0%

Safety 9.0%
Maneuverability 9.0%

Table 4 - Customer Requirements and Relative Weights 
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ENGINEERING CHARACTERISTICS: 
 
The engineering characteristics seen in Table 5 are used to determine the importance of each 
customer feature. Each engineering characteristics were compared to the customer feature 
and given a values of one, three, and nine based on the relationship to one another. A few of 
the engineering characteristics hold significance to the customer requirements whereas most 
do not have any importance at all. The material selection has a direct relationship with the 
price, reliability, safety, and the cargo area and the bed size has a strong relationship with 
price, ease of assembly, maneuverability, and cargo area. The material selection and bed size 
were determined to have the most importance of the engineering characteristics. These two 
characteristics have the highest relative importance because they will have the biggest impact 
on producing the best overall vehicle for the customer. The engineering characteristics 
compared to the customer features can be found in the QFD in Appendix C. 
 
Table 5 – Engineering Characteristics and Relative Importance 

 
In Table 5, Engineering 
Characteristics are listed in order 
from the most relative importance 
to the least amount. The steering 
radius and metric fasteners both 
had the same percentage of 
relative importance. These two 
characteristics received the lowest 
relative importance because they 
will have little importance to 
customer features.  
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PRODUCT OBJECTIVES: 
 
The product objectives for this project were based off of the BUV competition requirements 
set forth by IAT. The engineering characteristics and customer features were also taken into 
consideration when coming up with the objectives. The product objectives will help prioritize 
the tasks that will need to be accomplished in the project. Below is the list in the order of 
their importance; from the customer requirements. 
 
Ease of Maintenance and Assembly:  (14% and 12%) 

1.) Vehicle will have access to components for maintenance with guards that lift off or 
with a maximum of 8 bolts. 

2.) Vehicle will use standard “off the shelf” parts. 
3.) Vehicle will be able to be maintained with standard, low cost tools. 
4.) Engine and transmission will be able to be removed without the use of a lift or 

engine hoist.  
 
Reliability:  (12%) 

1.) Materials and parts will be selected from mathematical analysis to with stand the 
conditions the vehicle will face on the course.   
2.) Standard paints and lubricants will be used to increase the life of vehicle parts.  
3.) Vehicle will start in no more than two attempts and will run for a minimum of fifteen 
minutes without interruption. 

 
Off-Road Capability: (11%) 

1.) Vehicle will have at least 11” of ground clearance (except at differential, leaf springs, 
lower shock mounts, implements). 

2.) Vehicle will have suspension capable of handling the course terrain. 
3.) Vehicle will be equipped with off-road tires. 
 

Cargo Bed Size: (11%) 
1.) Cargo bed will have at least 12 square feet of area.  

 
Cargo Capacity: (11%) 

1.) The Max payload will be 1200 lbs. including driver.  
 
Price: (11%) 

1.) Vehicle will use “off the shelf”, non-special ordered parts. 
2.) Vehicle can be assembled without the use of “special tools” or service professionals. 

 
Safety: (9%) 

1.) Vehicle will be equipped with fire extinguisher. 
2.) Vehicle will be equipped with passenger handles/ropes. 
3.) Vehicle will be equipped with engine shut-off switch. 
4.) Vehicle will be equipped with on-board metric tool kit. 
5.) Equipped with guards covering gears, pinch points, cables and electronics. 
6.) Vehicle will have brakes on all wheels.  
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7.) Vehicle will be equipped with a seatbelt for the driver. 
 
Maneuverability: (9%) 

1.) Vehicle will have a turn radius capable of making it through the course. 
 

Shown above are only the objectives that were derived from the customer features.  The 
entirety of the Product Objectives can be seen in Appendix D. 

 
COMPETITION GUIDELINES: 
 
Challenge: Develop a multi-purpose, off-highway “truck” for rural Africa. Design for small 
scale factory operations in Africa.   
 
Why: Africa needs a low cost, rugged work-horse to overcome the lack of infrastructure and 
help empower the rural people.   
 
Major Design Criteria: 

 Cost Target: $1,500.00. 
 Engine/Fuel: 10 hp Yanmar diesel motor (stock and unmodified). 
 Transmission: Equivalent of 2F-N-R (One “granny gear”, one road gear, neutral 

reverse). 
 Max Payload: 1500 pounds including driver. 
 Top Speed: 20 mph unloaded. 
 Indicators: Odometer, hour meter, oil temperature. 
 Ground Clearance: At least 9” at lowest point of frame (unloaded). 
 Suspension: Required on all wheels, 1” on front, 3” on rear.  
 Rake angle: 16 degrees. 
 Brakes: Required on all wheels. 

 
 
The full project requirements can be seen in Appendix H. 

 

 
 
 
 
 
 
 
 
  



BUV Competition 2011           Electronics and Controls Brad Morgan 

9 

Design 
 
DESIGN ALTERNATIVES AND SELECTION 
 
CONCEPT 1: UNIVERSITY OF CINCINNATI 2010 BUV WIRING DIAGRAM 
 
The BUV team from last year did not have all the requirements that this year’s competition 
has but there are still multiple similarities. As you can see from Figure 6 below, the team had 
head lights, tail lights, a horn, starter, kill switch, and fuses that needed wired up. All of 
which will need to be wired up for this year’s BUV as well. The electrical wires that were 
run from component to component were all wired up with 16 gauge speaker wire. The team 
did not use multiple colors or identifiers on the wire runs so it was very confusing as to 
which wire was going where. The design of this wiring diagram is efficient and would work 
properly but the system could be assembled with fewer parts and work the same. 

 

 

Figure 6 - 2010 BUV Wiring Diagram 
Pros: 

 Push button start 
 Kill switch 
 Off the shelf products 

Cons: 

 Expensive 
 Many components 
 Hard to figure out which fuse went bad 
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CONCEPT 2: WIRING DIAGRAM (3-POSITION IGNITION) 
 

The wiring diagram below in Figure 7 is similar to the one in Figure 6 but with all the 
components needed for this year’s specifications added in. The wiring diagram is laid out to 
represent where the components will need to be on the BUV itself. This will make it easy to 
identify each electrical component on the BUV when maintenance is needed. This wiring 
assembly is going to use 14 gauge wires which are thicker than the 16 gauge wire used in 
Figure 6. The main differences between Concept 1 and Concept 2 is there is no fuse boxes, 
the head lights can have high beams or low beams, an odometer, and an hour meter. This 
assembly has more parts but that is due to the requirements of the competition.  

 

Figure 7 - Wiring Diagram (3-Position Ignition) 
Pros: 

 High and low beam head light 
 Push to start capability 
 Mostly Off the shelf parts 
 In-line fuses to major components  

Cons: 

 Electrical hour meter could get water damage 
 Parts that aren’t off the shelf would be difficult to replace 
 Expensive 
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CONCEPT 3: WIRING DIAGRAM (3-POSITION IGNITION) 
 

The wiring diagram below in Figure 8 has the same layout as Figure 7 but with some 
component changes to make the overall assembly cheaper and easier for maintenance. A 4-
way ignition switch was added to the diagram so that the push button start could be 
eliminated. This also allows for the kill switch to be eliminated as well because you can now 
turn the key to start and stop the engine. Different fuses were added to the assembly so they 
don’t have to change them when they get over loaded, they will automatically break the 
connection when there’s an over load and when they cool down the fuses will reconnect 
automatically. This assembly will also be using 14 gauge wire to make all the necessary 
connections. 

 

Figure 8 - Wiring Diagram (4-Position Ignition) 
Pros: 

 Fewer components 
 Mostly off the shelf products 
 Fuses don’t need replaced when an overload occurs 

Cons: 

 Electrical hour meter could get water damage 
 Couple expensive parts 
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CONCEPT SELECTION 
 
In the weighted decision matrix shown in Table 6 is the three concepts ideas for the wiring 
diagrams. Using most of the weights from our customer features, each feature was given a 
rating from 0-5. The scale is 0 being the worst rating and 5 being the highest rating for each 
feature. Once each feature was rated, that number was then multiplied by the given weight 
and added together to determine which diagram was the best.  
 
Table 6- Weighted Decision Matrix 

 
 
In Table 6, the 4-Position Ignition design received the highest score of the three concepts. 
This design received the highest score of the three concepts, there will be less maintenance 
needed because this design has fuses that don’t need replaced, and uses primarily off the 
shelf products. Whereas the 2010 design and 3-position ignition design have fuses that will 
need replaced when an overload occurs, and they have two separate push buttons which will 
be hard to fix on the spot if they fail. Since the 4-position ignition has fewer parts it will be 
easier to assembly whereas the other two designs will have a lot more wiring due to more 
parts. This design matrix did not use all the customer features to help in the assistance of 
choosing the best design because some of the features did not relate to the wiring of the BUV 
at all.  
  

Wiring Diagrams
Weight Score Weighted Score Weighted Score Weighted

Ease of Maintainence 0.14 2 0.28 2 0.28 3 0.42
Ease of Assembly 0.12 3 0.36 3 0.36 4 0.48

Reliability 0.12 3 0.36 3 0.36 3 0.36
Price 0.11 3 0.33 2 0.22 3 0.33
Safety 0.09 4 0.36 4 0.36 4 0.36
Total: 0.58 1.69 1.58 1.95

2010 Design 3-Position Ignition 4-Position Ignition



BUV Competition 2011           Electronics and Controls Brad Morgan 

13 

WIRING COMPONENTS 
 
PART SELECTION 
 

The ignition for the BUV is going to be a 4-position ignition 
because this will allow for a push button and kill switch to be 
eliminated since you can turn the key on this ignition and do 
all of that. The 4 connections on the back of the ignition as 
seen in figure 9 are where the battery, lights, ignition, and 
starter solenoid will be connected using lug connectors.  
 
 
                                                     
 

The hour meter selected as seen in Figure 10 was selected 
because it is an off the shelf product and is easily wired up. 
To wire it up properly into the assembly, the wire will have to 
be connected into the ignition line so that when the motor is 
turned on the hour meter will start to run and then when the 
motor is shit off the our meter will also stop counting. The 
gauge is 8-32 amps, DC input.  

 
Figure 11 is the oil gauge that will used on the BUV because 
it accommodates the proper temperature range and is an off 
shelf product. If something goes wrong with the gauge, it 
can easily be replaced from a local automotive parts store. 
This gauge uses a threaded sender that is threaded into the 
motors oil drain plug location. The gauge will be wired into 
the ignition so that when the engine is turned on the lights    

on the gauge will turn on. This gauge has a range of 100F-
250F with ½” fitting and 1/8 sender. 

 
                                                                                                                             
The image in Figure 12 is the threaded oil sender needed to hook up the 
oil gauge. Without this there would be no way for the gauge to know 
what the temperature of the oil is. The sender is 14mm x 1.25 in thread. 
 

 
 
 
 
  

Figure 9 - 4-Position Ignition 

Figure 10 - Hour Meter 

Figure 11 - Oil Gauge 

Figure 12 - Oil Temperature Sender 
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In Figure 13 is the odometer that will be used on the BUV. 
This odometer can keep track of average speed, trip, total 
distance, has a timer, a clock, and will tell the maximum 
speed of the vehicle. The device uses a wireless 
transmission mounted on the front wheel to send back to 
the odometer to keep track of all that it is capable of. This 
device will need an enclosure around it to protect it from   

                                                      weather that the odometer will come across. 
 

The fuses that will be used in the main wire connections are 
different than most fuses used. They are directly wired into 
the lines and when the connection gets over loaded the fuse 
will break the connection. When the wires cool down the fuse 
will automatically reconnect. This is very helpful because it 
will bring the cost of the vehicle down and along with the 
maintenance time. When the fuses blow you won’t have to go 
through the line to find it because it will automatically reset itself. Since the wiring is a 12 
volt system a 10 amp fuse will be used.   
 

To wire all the components up, 14 gauge wire will be 
used. The system could be completely wired up with 16 
gauge but the team is getting 14 gauge wire donated so 
that is what the team will use to help assist in keeping the 
cost of the wiring assembly down.  
 
 
                                                

 
The head lights and tail lights were donated to the team from 
the 2010 BUV team. There is a single head light and two tail 
lights. The head lights will be wired into a switch so that they 
can be turned on and off. The brake lights will be wired into a 
switch attached to the brake pedal so that when the brake is 
applied it will also turn the tail lights on.  
 

 
The competition requires a horn on the BUV, so a boat horn 
with multiple sounds was selected as seen in Figure 17. The 
horn comes with a push button that will be mounted near the 
driver for easy use. The horn will be wired into the ignition line 
so that it will only work when the key is turned on.  
 
 
  

Figure 13 – Digital Odometer  

Figure 14 - Fuse 

Figure 15 - 14 Gauge Wire 

Figure 16 - Lights 

Figure 17 - Horn 
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DESIGN ANALYSIS 
 
SOLID WORKS SIMULATION ANALYSIS  
 
In the design of the BUV, a roll bar is needed to protect the driver from a quarter roll. The 
analysis of the roll was done using a simulation that is offered in the SolidWorks program. 
The program allows for the part to be fixed in the proper areas and then the forces can be 
applied to the correct locations as well. The program will generate the factors of safety, Von 
Mises stresses, deflection, and areas of concern. This was very helpful in the design because 
you can see exactly the areas that need improved or if the design is safe enough.  
 
ANALYSIS OF ROLL BAR 
 
The roll bar is going to be made from 3 pieces of #11 gauge (.12) thick x 2 x 2 structural 
tube. The ends will have to be cut at 45 degree angles so that they can butt up to each other 
properly. This allows for proper welding of the structure in the corners. The following is 
what was applied to the roll bar. 

 (A) If the BUV were to roll over onto one of its sides, a 2000 lbf was 
determined to be the force that would be applied.  

 (B) This is where the roll bar will be fixed at on both sides of the BUV. 
 

 
Figure 18 - Von Mises Analysis 
 
From Figure 18 above, it is determined that the stress on almost the whole roll bar would be 
about 4,891.7 psi but in the corners it would have 58,655 psi. The area in the corners would 
be the weakest points on the bar because that is where it has to be butted up and welded 
together. From the analysis done in SolidWorks, the roll bar would not fail under the loading 
conditions that could be applied to it.  
  

A 

B 
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FACTOR OF SAFETY 
 
To determine if the roll bar would be safe under the loading conditions applied in Figure 18, 
a study was run in SolidWorks. From the analysis of the roll bar, it would have a factor of 
safety of 1.5. This proves that the design is safe enough to be used on the BUV. Shown 
below is the diagram of the factors of safety.  
 

 
Figure 19 - Factor of Safety 
 
As seen in the factor of safety diagram shown in Figure 19, the entire roll bar only has a 
factor of safety of 1.5. To improve on the factor of safety another tube can be welded under 
the tube going across the top. This will help distribute the load more and make the structure 
more rigid. The factor of safety will increase and make the roll bar safer than it already is in 
case of a quarter roll.  
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SHIFTER ASSEMBLY 
 
COMPONENTS  
 
The shifter assembly will be made from all off the shelf parts. The shifter will control when 
the BUV is in forward, neutral, and reverse. An adjustable rod will be connected to the 
shifter and run back to the gear box. The assembly will be made from the following: 
 (A) - Shifter Rod: Threaded on both ends, 3/4” diameter. 
 (B) – Mounted bearing that will be tapped (¾”) to thread the shifter rod into. 
 (C) – Formed #11 gauge shifter boot to control forward, neutral, and reverse. 
 (D) – Clevis rod end to connect 3/8” rod back to gear box. 

 
 

 
Figure 20 - Shifter Assembly 
 
 
 
 
 
  

B 

A 
C 

D 
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FABRICATION AND ASSEMBLY 
 
GOAL 
 
The goal going into the electronics and controls fabrication was to use as many off the shelf 
products as possible. This strategy was taken so if something were to break down in a third 
world country they could go to a local hardware store and be able to replace the faulty part. 
The strategy taken was a successful one except for one of the gauges needed to meet all of 
the requirements. The gauge had to be specially ordered because local hardware stores do not 
keep them in stock. Mounting the gauges was the only electrical fabrication needed but the 
shifter to control forward, neutral, and reverse was more difficult to fabricate than initially 
thought.  
 
ELECTRICAL COMPONENTS 
 

From Figure 21, two of the 
gauges, the ignition switch, and 
the horn button are all mounted 
into the seat pan to the left of the 
driver seat. This area was chosen 
to mount the gauges for multiple 
reasons. The first reason is to 
have quick access to the kill 
switch if something is going 
wrong and the vehicle needs to 
cut power to the engine and other 
components. The second reason 
is so the driver can look in one 
direction and see the temperature 
of the oil and how many hours 

the BUV has been running. All four of the components are meant to be mounted in 
something so they come with a fastener on the underside of them to be able to tighten them in 
place. The diameter of the components was measured and the proper size hole saw was used 
to drill though the sheet metal for mounting each component in place. Once everything was 
mounted it was time to start wiring everything up. All 
components were wired into the ignition so that when 
the vehicle was on, all components would be turned on 
and when the ignition was turned to accessories only, 
all the components would operate. In Figure 22 is the 
underside view of Figure 21. Figure 22 shows the wires 
running to the ignition switch and to the battery. To 
wire everything up, #14 gauge wire was planned for 
wiring all components but the team had some #12 
gauge donated so that is what was used on the entire 
vehicle.  

Ignition Push Horn Button 

Oil Temperature 
Gauge 

Hour Meter 

Seat Pan 

Figure 21 - Four Main Electrical Components 

Figure 22 - Wired Components 
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REAR BRAKE AND BRAKE LIGHTS 
 

As a requirement for the BUV competition, 
brakes need to be on all the wheels. The group 
decided we were going to use the existing 
hydraulic brakes on the S10 chassis but once 
we tried to hook them up it was discovered that 
the bleeder valve on both rear wheels had 
rusted and ceased up. At first it was thought 
this would be a major problem but an 
emergency brake from a Honda Civic was used 
to run cable lines back to the drum brakes. 
When the cables are tightened it causes the 
drum brakes to clamp down and stop the 
vehicle. An advantage to using the Honda 

brake was that it already had a brake light 
sender on it. This was very beneficial because 

the BUV will now work just like a normal car does. When the brake handle is pulled up, it 
pushes the button in, sending a signal to the brakes lights to come on. The existing brake 
lights on the BUV from last year were used again for this year. Some of the wiring had 
gotten cut so we just rewired the entire brake system to ensure it would work properly and so 
the brake sender would work when the hand brake was pulled up. There wasn’t much 
fabrication done to attach the hand brake to the BUV. A piece of tube was cut to the needed 
length and then welded to the top of the seat pan. The hand brake had existing bolt holes so 
we match marked and drilled holes for the bolts to go though.  
 
HEAD LIGHTS 
 
The head light was one of the easiest things 
on the BUV to fabricate and get working. To 
save on cost, the head light from last year’s 
BUV team was used. To make sure the head 
light worked we hooked it up directly to the 
battery with the existing wires. The light was 
wired into the ignition so it will come on 
when the vehicle is running or when the key 
is turned to auxiliary the light will be on as 
well. As seen in Figure 24, the light was 
mounted in front of the driver in front of the 
handle bars. To attach the light two holes 
were drilled into the front frame and bolts 
were used to hold it in place.  
 
 
 
 

Signal Sender 

Figure 23 - Moutned Hand Brake 

Figure 24 - Mounted Head Light 
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ROLL BAR 
 

From analysis done on the roll bar that was used on 
last year’s BUV, it was determined that it met the 
requirements. The roll bar had a design factor of 1.5 
which was safe enough to re-use. The roll bar was 
#11 gauge by 2.00” by 2.00” A36 structural tube. The 
tubes were butted up to one another and then welded 
together. In the top right and left corners there were 
bolted braces to add strength to the roll bar. This was 
attached to the BUV by using two existing bolt 
locations on the side of the frame. To meet the 
requirements of the BUV competition the roll bar had 
to be wrapped in foam to cover the sharp edges.  

 
 

SHIFTER 
 
The shifter assembly was the most difficult 
thing to fabricate. My initial design was not 
possible due to the design that we went with 
for the seat pan. The final design can be seen 
in Figure 26. The shifter was made from 
3/8” diameter rod that was found lying 
around the shop area. It had to be bent into 
an L shape so that it could make it up 
through the seat pan. To get the slot for the 
shifter to come through the seat pan the 
plasma cutter was used. The slot was cut big 
enough so that the shifter could slide back and 
forward to get the transmission into the right gear. Once the slot was cut and the rod was 
attached to the transmission, a washer was welded near the top of the shifter to prevent it 
from falling down through the slot in the seat pan. The shifter is located on the right side of 
the driver so that the driver can operate the brake with his or her left hand and shifter into the 
proper gear with his or her right.  
 

In Figure 27 is a picture of the Tuff Torque 
Transmission used on the vehicle. The Shifter Assembly 
in Figure 26 runs back to the top of the transmission. 
Not shown in Figure 27 is a bar that is attached to the 
top of the transmission. This bar is where the shifter 
runs back and is attached with a bolt. This bar rotates 
around which is what will control the vehicle going into 
forward, neutral, and reverse.  
 
 

Figure 25 - Mounted Roll Bar 

Butt Welded Area 

Corner 
Brace 

Bolts for 
Mounting 

Protective 
Foam 

Figure 26 - Shifter Assembly 

Figure 27 - Transmission 

This is 
where the 

bar is 
attached to 

control 
forward, 

neutral, and 
reverse. 

Shifter 
Welded Washer 

Plasma 
Cut Area 

Seat Pan 
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THROTTLE 
 

There wasn’t any fabrication needed to attach the throttle to 
the vehicle. The team used a brake off of a dirt bike as the 
throttle. The BUV requirements say it must have a spring 
return and a dirt bike brake has just that. When the throttle 
is pulled and then released it will return to look like Figure 
28. It was designed to go on handle bars, so it has a slot that 
goes on the handle bars and a screw to tighten it from 
rotating around. The most difficult part about hooking the 
throttle up was adjusting the idle of the vehicle. There 
wasn’t much room for adjustment so the team adjusted the 
throttle to have a higher idle speed than most would prefer. 

It was decided to use a higher idle speed so that the vehicle would not shut off when it was 
just sitting there not moving.  
 
COMPLETED ASSEMBLY 
 
 

 
        Figure 30 - Built BUV  

 
To achieve the final product a solid works model had to be drawn up so that we would have 
drawings and plans for assembly. Each group member was in charge of their sections and 
then we combined them into a full assembly to ensure everything would work together. As 
seen in Figure 30 is the BUV a couple days before competition. The actual fabrication of the 
BUV was close but not exactly what we had drawn in Figure 29. None of the electronics and 
controls were drawn on the model because we had to wait and see where we could mount and 
run wires once the whole vehicle was assembled. Without drawing the BUV in solid works 
before the actual assembly we would not have been able to run analysis on each part nor had 
any plans for what each part needed to look like.  
 
 
 
 
 

Figure 28 - Mounted Throttle 

Figure 29 - Solid Works Model 
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Figure 32 - BUV After Competition 
 

 
Again from Figures 31 and 32 the BUV looks similar to what the group had drawn and what 
the group actually built. Figure 31 was drawn without the handle bars and without the roll bar 
attached. Another difference was the way the front end of the BUV was fabricated. To 
achieve the proper angle the side channels had to be extended instead of how it is drawn in 
Figure 31. As seen in Figure 31, the bed of the BUV was able to be lower than initially 
planned as seen in Figure 32. From the project we learned that when it comes to the actual 
fabrication of parts, they sometimes have to be changed due to material availability, ways 
things are actually fabricated, and that tolerances build up and parts won’t go together as 
planned.  
 
 
TESTING 
 
TESTING METHODS 
 
To test the vehicle and all of its parts we drove it all around the campus. We drove the car for 
about an hour up and down the hills to test the drivetrain and to see if the frame would hold 
the load that is was supposed to. During the two hours of driving it around the parking lot, all 
of the electronics were tested. We were able to see that the oil temperature gauge went from 
0 to 120 degrees, which meant that the gauge worked properly. The hour meter worked 
properly because we could see that the total number of hours the motor had been running. 
The head light and brake lights were tested when the car was in the shop area because the 
vehicle did not need to be running for the brake lights and head light to work. The ignition 
proved to work properly because we were able to turn the vehicle on and off with the key. 
The throttle gave the team some issues but we were able to tighten it up to work the way we 
wanted it to. The test also proved that the odometer worked because we could see how far we 
had driven the vehicle during the testing. To test all the wires a voltage meter was used. With 
this we could tell if the electrical components were getting power or not. The roll bar was not 
actually tested because we did not want to ruin the BUV by pushing it over on its side. We 
just relied on the analysis of the roll bar as proof that it would work properly.  
 
 

Figure 31 - Solid Works Model 
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PROOF OF DESIGN 
 
THE VEHICLE WILL HAVE AN ODOMETER. 
 
The vehicle used an odometer purchased from a local store. It used a magnet sensor mounted 
onto the wheel which sent a signal out that told the driver how far vehicle had traveled. The 
device was mounted in front of the driver on the handle bars. The magnetic sensor got ripped 
off during competition due to muddy conditions.  
 
THE VEHICLE WILL HAVE AN HOUR METER. 
 
The hour meter was a part that had to be specially ordered because we could not find a place 
that had one in stock. The hour meter was purchased from a website called Jegs, which is an 
auto parts store. The hour meter was hooked into the ignition so that when the motor was on 
the hour meter would start counting to keep track of how many hours were put onto the 
motor. This was mounted in the seat pan to the left side of the driver. 
 
THE VEHICLE WILL HAVE AN OIL TEMPERATURE GAUGE. 
 
The temperature gauge could have been bought from a local auto parts store but since we 
were ordering the hour meter we just ordered the temperature gauge along with it. The gauge 
needed a sender piece which was threaded into one of the dip stick slots which would send 
the temperature of the oil to the gauge. This worked properly because the gauge read around 
120 degrees when the vehicle was tested.  
 
THE VEHICLE WILL HAVE ONE HEAD LIGHT, TWO TAILLIGHTS, AND TWO BRAKE LIGHTS.  
 
The head lights and tail lights were reused from last the 2010 BUV. The lights all needed 
rewired and would work properly when the vehicle was on or if it was just sitting there 
running the auxiliaries. The team used an existing sender on the hand brake to send a signal 
to the brakes when the hand brake was pulled up.  
 
THE VEHICLE WILL HAVE A ROLL BAR TO PREVENT OPERATOR FROM INJURY. 
 
Analysis was done on the roll bar from the 2010 BUV team, and it was determined that the 
roll bar would be safe enough for use. It was attached using the bolts that attached the side 
rails to the S10 chassis. The bar was covered in foam to meet the requirements of the 
competition. The team did not actually test the roll bar, from the analysis it was found that 
the roll bar had a factor of safety of 1.5, so we trusted that it would work properly for a ¼ 
roll.  
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PROJECT MANAGEMENT 
 
BUDGET: 
 
One of the requirements for this project is to have an assembled vehicle that will cost 
significantly less than those that are already being mass produced. In Appendix F there is an 
itemized list of the preliminary budget to build this year’s BUV. The goal for the project is to 
stay at $1500 or less but at the moment it has been calculated that the cost will be greater 
than the $1500 that was specified in the project guide lines. In Figure 6 is a breakdown of the 
items that are going to be purchased for the Electronics and Controls part of the project.  

 
From Table 7 there are 15 items that will 

need to be purchased for the BUV to meet the 
specifications of the competition. The list of items 
will not need to be purchased at the same time but a 
few key items from the list will need to be 
purchased first so that the car will be operational. A 
new battery and wires will be the first things 
purchased so that the team can start to test donated 
items like the motor. The team has received a 
number of donated items but none for the 
electronics and controls part of the project. When 
the project is finished an updated list of donated 
and bought items will be compiled to find the total 
cost for each assembly. 
 
 
 
 
 
 

Item Price
Oil Temperature Sensor $18.99

4-Position Ignition $19.99
Hour Meter $51.99
Odometer $30.00

Oil Temperature Gauge $47.99
Fuses $20.00

Battery $39.99
Wiring Donated

Head Lights Donated
Tail Lights Donated

Break Lights Donated
Reflectors $20.00

Horn $40.00
Switches $30.00
Throttle $40.00
Total $358.95

Table 7 - Electronics and Controls Budget 
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Table 8 - Actual Electrical and Controls Cost 

 
 
From Table 8 it can be seen that the actual cost of the electrical and controls was slightly 
cheaper than anticipated. The actual cost was about $4.00 cheaper than the proposed cost in 
Table 7. The cost was close to the proposed because the parts from research we knew how 
much everything would cost when the time came to purchase everything. There ended up 
being a few more items added to the list in Table 8 that were not in Table 7 but the things 
that we got donated balanced the cost of everything out.  
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In Table 9 is a compiled list of the expected 
total cost for each of the main assemblies that 
will make up the BUV. This list includes 
donated items and items that still need to be 
purchased. This is not a finalized list, but from 
the figure a total cost of $3,860.00 has been 
estimated. The team believes it will receive 
other donations that will lower the total cost. 
For donations letter see Appendix G.   
 

Table 10 - Actualy Assembly Cost 
In Table 10 the actual cost of the BUV is 
shown. The accessories and brake assembly 
were lumped in with controls and frame and 
chassis for their respective components. The 
total cost of the assembly was about $100.00 
more than the proposed in Table 9. This was 
due to miscellaneous parts the team forgot to 
include in the proposed cost. 
 
 

 
 
 
 
 
 
  

Table 9 – Poposed Total Assembly Cost 
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SCHEDULE: 
 
In Figure 21 shown below is the actually schedule vs. the proposed schedule for the 
electronics’ and controls. The dates set for the proposed schedule were not able to be met due 
to the lack of time that was available over winter break. It was thought that the team could 
get into the computer lab to work on the project but it turned out we did not have access to 
the lab at all. Each section of the electronics and controls has two bars that indicate the 
proposed date and the actual date. The top bar is the proposed and the bar below is the actual 
dates. This portion of the project is now caught up on and we are very confident everything 
will be done in time for the competition. 

 
Figure 33- Electonics and Controls Schedule 
 
 

Actual 

Proposed 
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Proposed 

Actual 
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KEY DATES 
 
The beginning of this project will start with a Proof of Design agreement with our assigned 
advisor. This agreement states what objectives will be met by the time the project is 
completely finished. The design phase of this project will start Nov. 30th, 2010 and the 
majority of design decisions will be done by the end of the design freeze on February 3rd 
2011. The Oral Design Presentation and Design Report are due February 28th and March 17th. 
The fabrication and testing of the BUV will be done by April 9th because the BUV 
Competition is April 16th 2011. The Final Report for the whole project is due June 4th 2011. 
For a complete schedule and Gantt Chart of this project, see Appendix E.  
 
Table 11- Key Dates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Task Due Date
Proof of Design November 24, 2010

Begin Design of Vehicle November 30, 2010
Design Freeze February 3, 2011

Oral Design Presentation February 28, 2011
Design Report March 17, 2011

Begin Fabrication March 22, 2011
Begin Testing March 28, 2011
Final Testing April 9, 2011

BUV Competition April 16, 2011
Proof of Design to Faculty May 16, 2011

Final Oral Presentation May 30, 2011
Final Report June 4, 2011
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COMPETITION RESULTS 
 

 
Figure 34 - Competition Results 
 
When the BUV was completely finished the team went and competed into the IAT Student 
Design Competition. From Figure 35, it can be seen that our team placed last in the 
competition. This was due to the fact that the team was not able to compete in day two of the 
competition. During day one, there is a judge’s drive and one of the obstacles was a series of 
4x4s that the car was to be driven across. During this, the judge hit these 4x4s at full speed 
and it caused the transmission pan to get bent. Once this happened the vehicle was not able to 
operate correctly. When the transmission was put under strenuous loads in the mud it would 
cause the pan to flex more and the chain kept popping off the sprocket. After multiple 
attempts to try and fix it, the team could do anything at the competition to solve the problem. 
The BUV was not capable of continuing on to day two of competition which is why we got 
last. On a good note, we did get first in the written report section of the competition.  
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RECOMENDATIONS 
 
The first recommendation I would have for the 2012 BUV team would be to get a new motor. 
During competition the alternator in the motor went bad on us. I am not sure if it was due to 
it pouring rain the whole time we were there or if it just went bad on us. After talking to other 
teams who have been competing in the competition for multiple years, they told me that the 
alternators were a problem with the motors. The motor we used was a couple years old so I 
think that it is time for a new one to be purchased. Another suggestion I have is to use 
different colored wires for each electrical component. When we were at the competition we 
had to take some of the electronics off and we got confused as to which wire was going 
where because they were all bundled together. If each component had a different color you 
could easily see which wire was going where. Along with different color wires I would not 
put all the gauges, push buttons, and ignition all in the same area. There were too many wires 
in one area which again led to confusion. To avoid this I would suggest making a subpanel to 
run each of the connections to instead of running all the wires directly to the battery. 
 
 
CONCLUSION 
 
The goal of the BUV is to design an alternative vehicle that could be put into mass 
production at a low cost. The vehicle should include as many off the shelf products as 
possible to assist in the repairs if anything should go wrong on the BUV. The vehicle will be 
used by third world countries to assist in making their lives easier. The vehicle will be used 
to transport goods and even children to school every day. It was our goal to use as many 
metric nuts, bolts, and products to accommodate for the tools and available resources they 
have. From our design, we hope we can make a difference by meeting the needs and 
requirements of those who are less fortunate than ourselves.  
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Features 

 Reliable disk brakes 
 Steal front guard 
 High powered diesel engines 
 Hydrostatic power steering.  

 

Payload capacity 
600lbs. 
4 persons seating. 
28 hp diesel engine. 
Operates on all 
terrains. 
Four wheel drive. 
Max speed 25mph 
7.5 inch ground 
clearance. 
Cargo bed too small 
Too expensive. 
 
 
 
 
 

Interview 1 with previous BUV Design Team September 2010 
Ben Mueller and Josh Taule, 2010 BUV Team, Josh Taule’s House. 
Looked at vehicle design. 
Found that all the parts were functioning properly by test driving vehicle. 
From our discussion, we learned that the most important object that needs to change is 
the angle at which the front wheel sits.  The vehicle this year needs to have the front 
wheel more directly under the vehicle for better maneuverability. 
Found there are many components can be reusable that were very expensive. 

http://kubota.com/product/RTV1140/RTV1140.as
px   9/23/10 BUV 
KUBOTA RTV1140CPX     $14,000 
 

Interview 2 with previous BUV Design Team October 2010 
Josh Taule, 2010 BUV Team, Josh Taule’s House. 
Josh made us aware that there were several problems with the wiring on the BUV. 
Warned us that kill switch was not operational.  
Explained that starter had faulty wiring. 
Josh also suggested that we use smaller rear tires to increase the vehicles torque and 
that the roll bar should be redesigned using a stronger material.  
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Features 

 Fully automatic Ultramatic® transmission 
 Fuel injection 
 Four wheel independent suspension 
 On command four wheel drive 
 Four wheel hydraulic disk brakes 
 Cargo Racks 

1,322lb towing 
capacity.  
11.8 inches ground 
clearance. 
Low cargo rack 
capacity: 99lbs front, 
178lbs rear.  
High/Low ranges.  
Operates on all 
terrains.  
Very small cargo area.  
Too expensive. 
Only operator can be 
safely transported.  
 
 
 
 
 
 

 
 
 
 
 
 
      
Features 

 175 cc 8 HP Engine 4 Stroke Forced Air Cooled 
 Electric Start, Oil Pump Lubrication 
 Four Speed Transmission with Reverse 
 Carrying Capacity of 1,052 lbs. 

 

2 persons seating. 
Curb Weight of 645 
lbs. 
Bed size is 42” x 49” x 
12” 
Top speed is 
approximately 40 mph. 
Suspension is an 
independent trailing 
arm with a  torsion bar. 
 
 
 
 
 

http://www.yamaha-
motor.com/outdoor/products/modelspecs/610/0/sp
ecs.aspx 9/23/10 BUV 
YAMAHA Grizzly 550 Auto     $7,999 

http://www.bajajusa.com/Bajaj%203%20Wheeler
s.htm 9/23/2010 BUV 
Bajaj Pick Up Truck  $6,499 
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 Features 

 455 cc 29 HP Gasoline Engine Liquid Cooled 
 Automatic Transmission 
 Carrying Capacity of 1375 lbs. 

 

2 persons seating. 
Bed size is 36.5” x 54” 
x 11.5” 
Top speed is 
approximately 30 mph. 
Total Vehicle Rated 
Capacity of 1600 lbs. 
 
 
 
 
 http://www.bobcat.com/utility_machines/utility_v

ehicles/models/3200 9/23/2010 BUV 
Bobcat 3200  $8,000 
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Features                    

 Diesel performance and economy 
 Fully automatic transmission with selectable two 
 or four-wheel drive 
 Electric power steering system (EPS) 
 Modern styling and user friendly dashboard and 

controls 
 dashboard and controls 

 

Too expensive 
Diesel 
All-wheel drive 
Powerful engine 
Many luxury items 
Roll cage for safety 
protection 
Seat belts for safety 
Dump bed 
Good storage space in back 
Lights 
Too many parts 
Difficult to manufacture 
Too big and heavy 

http://www.kawasaki.com/Products/product-details-
features.aspx?autoplay=false&id=475&scid=0. 9/28/10.  
BUV 
 Kawasaki Mule, 4x4 Diesel. $11,199 
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Features 
The 2011 Polaris RANGER® EV is the leader of the electric, 
mid-sized side-by-side class. Clean & quiet, it features an 
unmatched ride and 25 mph (40.2 kph) top speed. 

 30 HP 48-Volt High-Efficiency AC-Inducted Electric 
Motor 

 Smooth Independent Rear Suspension (IRS) 
 Mid-Sized Design - Fits In A Full-Size Pickup 
 Plug Recharge With Standard 110v AC Outlet 
 1250 lb. tow rate 
 10” ground clearance  
 50W head lights 
 Nice size ump bed 32” x 42” x 11.5” 
 Weight: 1700 lbs. 
 1000 lb. payload capacity 

 

Very expensive 
Electric motor  
Powerful engine 
Bunch of accessoies 
All wheel drive 
Roll cage  
Seat belts  
Big Storage Space 
Head lights 
Nice ground 
clearance 
Complex design  
Big and heavy 
 Good towing 
capacity  
Have to charge 
batteries 

http://www.polarisindustries.com/en-us/atv-
ranger/2011/mid-size-utility-vehicles/ranger-
ev/pages/specifications.aspx 
9/27/2010  BUV 
Polaris RANGER® EV  $11,399 
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The ST Sport II is the economical choice for those 
needing a rugged utility vehicle for both work and 
recreation. With either an energy-efficient electric drive 
train or a 13 hp Kawasaki engine, seating for two and a 
heavy-duty, roto-molded cargo bed, it’s tough, rugged and 
equipped move. 

 Dump bed 44.5” x 30.5” x 7.5” 
 4.3” ground clearance 
 500 lb bed load capacity 
 800 lb load capacity 
 13 mph max 
 500 lb tow capacity 

 
 

Affordable price 
Electric or gas 
Nice size dump bed 
Lights 
No seat belts 
Difficult to manufacture 
Not very heavy 
Not great on rough terrain 
Shorter usage time 
Batteries have to be 
recharged 

http://www.ezgo.com/personal/work/st_spo
rt_II.html  9/26/2010  BUV 
E-Z-Go St Sport II   $3,700 
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Features 

 Contoured dash design and premium padded bench seat 
 Power to all wheels for optimal performance in challenging 

terrain  
 One-piece ergonomic handlebar steering control 
 State-of-the-art automatic continuous variable transmission 

with high and low range forward and reverse 
 Excellent approach and departure angles to easily overcome 

obstacles 
 Innovative design and space for up to 6 passengers  
 Low emissions which meet both EPA and CARB standards 
 Three-year limited engine warranty 
 Load capacity of up to 1150 lbs on land or 1000 lbs on 

water 

 

Multiple water seals. 
1150 lbs on land. 
1000 lbs on water. 
Good seat design. 

http://www.argoatv.com/recreational/recdetailvehicles.a
spx?x=Eyd6xjM6%2fFO3n6aL58ySncm3boO0%2fHbP
TB11s1zubgQiLnx6e4CfqRqa1ZoiUkbxgoQZz1IlUzo
%3d  9/28/2010  BUV 
Argo all terrain vehicle (2010)   $18,000 
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Technical Features: 
 

 Original Design 
 Engine vibration dampening 
 3940 mm long x 1500mm wide  
 450 kilogram vehicle weight  
 10 hp air cooled diesel engine  
 30 KPH 
 Secondary speed reduction  can be operated at 

maximum input speed of the engine on a 
continuous basis 

 Electric start 
 Twist grip throttle  
 Tight turning radius 
 Low center of gravity 
 Engine enclosure to lower the noise emission to 

acceptable levels for continuous operation. 
 20 units per 40 foot ocean container with 1-2 hours 

assembly 
 

3 Wheeled Vehicle 
Meets competition criteria 
Easy to assemble 
Easy to ship 
Costs 4200 
Good storage space in back 
Good on poor terrain without  
     4 wheel drive 
 

 
 
 
 
 

http://sahelauto.com/BUVSpecs.
html. 10/4/10. Production BUV, 3 Wheel 
BUV that is in production – was in 
competition one year. sahelauto.com 
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Winner from 2008 competition. Takes very minimal tools for 
assembly and can be assembled almost anywhere. Has a 
simple design.  Basic Utility Vehicles can carry large amounts 
of cargo. Comes equipped with repair kit that can be easily 
used. 

Features 

 Three wheel design 
 Truck bed to seats in less than 5 minutes. 
 Bolt on Bracket and Hardware Included  
 1200 lbs. capacity or cargo  
 Simple bolt design throughout 

Tricycle design 
Front end connected to 
truck bed 
Standard Parts 
Easy to assemble 
Good ground clearance  
10 hp gas or diesel engine 
 

http://images.google.com/imgres?imgurl=http://www.alfredstate.edu/files/images/buv_
V9F1354.img_assist_custom-
400x224.jpg&imgrefurl=http://www.alfredstate.edu/articles/asc-takes-first-place-in-
national-buv-competition&usg=__moTrw4RH5rnts9u8qKm-
FUCcjwQ=&h=224&w=399&sz=27&hl=en&start=17&um=1&tbnid=zwHBzo6bolwj
CM:&tbnh=70&tbnw=124&prev=/images%3Fq%3Dbuv%2Bcompetition%26hl%3De
n%26sa%3DN%26um%3D1     10/4/10  BUV Vehicle,  
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APPENDIX B – CUSTOMER SURVEY 
 

BASIC UTILITY VEHICLE 
CUSTOMER SURVEY 

We are seniors at the University of Cincinnati studying Mechanical Engineering Technology.  The purpose of 
our senior design project is to design a basic utility vehicle to be used in developing countries to help improve 
lives.  Please take a few minutes to answer the following questions. 
 
How important is each feature to you for the design of a basic utility vehicle?  
Please circle the appropriate answer.      
                                       1 = low importance                               5 = high importance 
 Off-Road Capability 1 2 3(5) 4(23) 5(8) N/A       AVE=4.08 
 
 Price 1(1) 2 3(3) 4(20) 5(12) N/A       AVE=4.17 

 
 Reliability 1 2(1) 3(2) 4(11) 5(22) N/A       AVE=4.50 
 
 Ease of Assembly  1(1) 2(5) 3(13) 4(13) 5(4) N/A       AVE=3.39 
 
 Ease of Maintenance 1(2) 2(4) 3(8) 4(14) 5(8) N/A       AVE=3.61 
 
 Maneuverability 1 2(3) 3(14) 4(19) 5 N/A       AVE=3.44 
 
 Safety 1(1) 2(16) 3(11) 4(8) 5 N/A       AVE=2.72 
 
 Cargo Capacity  1 2 3(8) 4(16) 5(12) N/A       AVE=4.11 
 
 Cargo Area 1(2) 2(3) 3(10) 4(17) 5(4) N/A       AVE=3.50 
  
How satisfied are you with the current basic utility vehicles?   
Please circle the appropriate answer.      
                                       1 = very UNsatisfied                                5 = very satisfied 
 Off-Road Capability  1 2 3(12) 4(16) 5(8) N/A       AVE=3.88 
 
 Price 1 2(13) 3(13) 4(8) 5(2) N/A       AVE=2.97 
 
 Reliability 1 2(4) 3(18) 4(7) 5(5) N/A       AVE=3.19 
 
 Ease of Assembly 1(1) 2(2) 3(10) 4(22) 5(1) N/A       AVE=3.56 
 
 Ease of Maintenance 1(2) 2(2) 3(16) 4(16) 5 N/A       AVE=3.28 
 
 Maneuverability 1(1) 2(2) 3(11) 4(20) 5(2) N/A       AVE=3.56 
 
 Safety  1 2 3(8) 4(16) 5(12) N/A       AVE=4.11 
 
 Cargo Capacity 1 2(4) 3(8) 4(14) 5(10) N/A       AVE=3.83 
 
 Cargo Area 1(2) 2(3) 3(20) 4(10) 5(1) N/A       AVE=3.14 

 
How much would you be willing to fund for this project?  
  
 $500- $1500, (4)           $1500-$2500, (14)             $2500-$3000, (10)            $3000-$3500, (8) 
 

Thank you for your time 
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APPENDIX C – QFD 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ryan Barker, Ben McFarland, 
Brad Morgan, Joe Barnett                                     
BUV                                                                                               
9 = strong                                     
3 = moderate                                  
1 = weak
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Off-road Capability 1 1 9 3 3 3 9 9 9 4.08 1 3.88 4.00 1.0 4.2 0.11 11%
Price 9 9 9 9 9 9 3 3 3 9 9 4.17 1 2.97 3.00 1.0 4.2 0.11 11%
Reliability 3 3 9 9 9 4.50 1 3.19 3.40 1.1 4.8 0.12 12%
Ease of Assembly 9 3 1 3 9 3 9 1 3.39 1.2 3.56 4.00 1.1 4.6 0.12 12%
Ease of Maintenance 9 1 3 1 9 9 3 3 3.61 1.2 3.28 4.00 1.2 5.3 0.14 14%
Maneuverability 1 9 1 9 3 9 9 3.44 1 3.56 3.60 1.0 3.5 0.09 9%
Safety 1 9 9 1 9 1 3 9 3 2.72 1.2 4.11 4.50 1.1 3.6 0.09 9%
Cargo Capacity 9 3 9 9 9 1 4.11 1 3.83 4.00 1.0 4.3 0.11 11%
Cargo Area 9 9 9 3.50 1 3.14 4.00 1.3 4.5 0.11 11%
Abs. importance 3.74 3.64 4.54 5.08 5.33 3.69 2.73 2.20 2.28 2.69 3.44 3.55 42.9 38.9
Rel. importance 0.09 0.08 0.11 0.12 0.12 0.09 0.06 0.05 0.05 0.06 0.08 0.08
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APPENDIX D – PRODUCT OBJECTIVES 
 

Product Objectives 
BUV Design Competition 

 
 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 a basic 
utility vehicle for developing communities in impoverished areas. The vehicle will be 
designed and built to meet competition guidelines. 
 
Ease of Maintenance and Assembly:  (14% and 12%) 

5.) Vehicle will have access to components for maintenance with guards that lift off or 
with a maximum of 8 bolts. 

6.) Vehicle will use standard “off the shelf” parts. 
7.) Vehicle will be able to be maintained with standard, low cost tools. 
8.) Engine and transmission will be able to be removed without the use of a lift or 

engine hoist.  

Reliability:  (12%) 
1.) Materials and parts will be selected from mathematical analysis to with stand the 
conditions the vehicle will face on the course.   
2.) Standard paints and lubricants will be used to increase the life of vehicle parts.  
3.) Vehicle will start in no more than two attempts and will run for a minimum of fifteen 
minutes without interruption. 

 
Off-Road Capability: (11%) 

1.) Vehicle will have at least 11” of ground clearance (except at differential, leaf springs, 
lower shock mounts, implements). 

2.) Vehicle will have suspension capable of handling the course terrain. 
3.) Vehicle will be equipped with off-road tires. 
 

Cargo Bed Size: (11%) 
2.) Cargo bed will have at least 12 square feet of area.  

 
Cargo Capacity: (11%) 

2.) The Max payload will be 1200 lbs. including driver.  
 
 
Price:  (11%) 

1.) Vehicle will use “off the shelf”, non-special ordered parts. 
2.) Vehicle can be assembled without the use of “special tools” or service professionals.   
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Safety: (9%) 
8.) Vehicle will be equipped with fire extinguisher. 
9.) Vehicle will be equipped with passenger handles/ropes. 
10.) Vehicle will be equipped with engine shut-off switch. 
11.) Vehicle will be equipped with on-board metric tool kit. 
12.) Equipped with guards covering gears, pinch points, cables and electronics. 
13.) Vehicle will have brakes on all wheels.  
14.) Vehicle will be equipped with a seatbelt for the driver. 

 
Maneuverability: (9%) 

2.) Vehicle will have a turn radius capable of making it through the course. 

Compatible with Hitching Equipment: (N/A) 
1.) Vehicle will be equipped with a 2” receiver with a 1 7/8” ball.  

 
Competition Requirements: (N/A) 

1.) Vehicle will meet all the requirements in the Capstone Design Project specification 
sheet. 

 
Operational Noise: (N/A) 
 1.) Vehicle will be equipped with the stock engine muffler.  
 2.) Exhaust outlet will be under the vehicle away from the driver. 
 
Speed of Operation: (N/A) 

1.) Vehicle will have a controlled speed, with a maximum of 15 mph unloaded.  
 
Ease of Manufacturing:  (N/A) 

1.) Vehicle will be assembled with standard fasteners. 
2.) Vehicle will be able to be assembled using low cost hand tools available at any local 
hardware store.  
3.) Materials will be consistent with processes used. 
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APPENDIX E - SCHEDULE 
 

 
 
 
 
 
 
 
 

Proposed 

Actual 
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APPENDIX F – BUDGET 
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APPENDIX G – SUPPORT LETTER 
 
To Whom It May Concern,  

 
My name is ______________ and I am starting my senior year at the College of 

Engineering and Applied Science of the University of Cincinnati. As a part of my senior 
curriculum, I am required to complete a senior design project to graduate. I have chosen to work 
with a team to compete in the BUV design competition. The team of engineering students I will 
be working with on this project include: Joe Barnett, Benjamin McFarland and Brad Morgan. We 
are seeking the support of local businesses to help contribute to the funding of our project. 

The BUV is a basic utility vehicle that can benefit low-income families in rural areas of 
developing countries. The first BUV design was created in April 2000 by Will Austin. Austin 
was on assignment for GM in South America when he realized the quality of life depended on 
affordable transportation. The mobility that we often take for granted in the United States can be 
a life-giving tool for people in developing nations. BUVs open up possibilities for faster water 
delivery to remote villages, for quickened access to medical care and for the safe transport of 
people and goods through rugged terrain. Today there are over 90 BUVs serving in 19 countries 
across Africa and Central America. The first competition was held in 2001 and has been an 
annual event ever since with more than thirty universities competing each year. Student teams 
design and build these vehicles to compete in a series of tests and events to determine the best 
design. The competition consists of seven events that test the acceleration, agility, power and 
endurance of the vehicle. Each team also plans an oral report aimed towards the judges and 
spectators. In the reports, students discuss the planning, building and testing processes that their 
BUV went through prior to the competition. You can find more information regarding the 
competition as well as its history at http://www.drivebuv.org/design-aamp-drive-competition.   

As a team, our task is to design and build this vehicle while following strict requirements 
and to compete against other universities.  In previous years, the University of Cincinnati has 
finished in the top five on multiple occasions and we are determined to continue that reputation.  
In order to do this we will need your help in any way possible, whether it would be just a cash or 
resource donation.  Any type of donation can be used as a tax write off.  We need to raise 6,000 
dollars for our project.  Anything you can do to help will be greatly appreciated by our team.  If 
you have any questions, please feel free to contact me. 
 

Sincerely,  
_________________________________ 

 
Please make your donation check payable to: 

University of Cincinnati BUV Team 
2220 Victory Parkway 

Cincinnati, OH  45206 
Attn: Sharon Knecht 
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APPENDIX H – DESIGN SPECIFICATIONS 

 
 


