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ABSTRACT 
 
 The Basic Utility Vehicle (BUV) design competition was created by the Institute for 
Affordable Transportation, and many University of Cincinnati Senior Design Teams have been 
able to participate in the competition so far. The premise of the competition is to design an 
affordable and reliable vehicle that would be used in third world environments within the scope 
of agriculture. 
  
 In order to accomplish this task, aspects of the build were divided between the four members 
of the design group, and overall research was carried out to identify pros and cons of existing 
market vehicles and previous team builds. Once research was completed, each member began 
identifying key requirements that they wanted their respective systems to meet, and generated 
multiple concepts of ways to achieve these requirements. Concepts were selected via the 
weighted rating method, and parts and materials were then sourced for the build. Many electrical 
and braking components were sourced used or refurbished to reduce cost, however items such as 
wire and brake lines were sourced new in order to increase reliability. 
 
 Once the materials and components were sourced, fabrication and installation began, 
ensuring enough time at the end of the process to carry out testing and troubleshooting before the 
final IAT competition. 
 
 The team’s vehicle was one of six vehicles to participate in the competition, which consisted 
of one endurance event, and the team was able to finish in 3rd place overall. As verified during 
testing and competition, the braking and control systems were able to perform well and satisfy all 
of the outlined design requirements. 
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INTRODUCTION 
 

PROBLEM STATEMENT: 
 
 There is currently a general lack of available and affordable utility vehicles for people who 
live and work in remote regions of developing countries. A group called the IAT (Institute for 
Affordable Transportation) has observed this issue and holds a Basic Utility Vehicle design 
competition in hopes of finding new and innovative ideas for solutions to this problem. 
 
 The premise of the BUV is that it allows these working people to carry out their day to day 
activities much more efficiently by being a simple, reliable, and affordable solution to their 
transportation needs. The BUV will increase the scope of what the end user can accomplish not 
only in terms of day to day capacity, but also in terms of travel distance. 
 
  

TEAM MEMBER RESPONSIBILITIES: 
 

• Mark Stoll (Team Leader):  
-Suspension 
-Irrigation System 
-Steering 

 
• Sara Wells:  

-Front Frame 
-Chassis 

 
• Nathan Gertz:  

-Drivetrain 
 

• James Voet:  
-Electrical System 
-Brakes 
-Throttle 
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CHALLENGE: 
 
 For each year’s event, the IAT outlines specific requirements that each vehicle must fulfill in 
order to participate in competition, as well as requested vehicle goals that ensure full-earned 
competition points. Along with these, the IAT includes a specific auxiliary task that vehicle must 
be able to perform. The following is a list of the design specifications that pertained directly to 
the Control Systems and Braking aspect of the vehicle build. For a complete list of design 
specifications, refer to Appendix E: 
 

• Automotive Horn 
• Engine shutoff device marked with a nine-inch red streamer located within reach of the 

driver 
• Spring return throttle with the spring located directly on the throttling device and not on 

the control linkage 
• Brakes on all the wheels and not on the driveline. Must have redundancy that prevents 

total brake failure 
• Parking brake capable of overcoming engine power. It may be on the driveline. 
• Engine temperature indication in view of driver 
• 12 volt, minimum 35 amp automotive alternator with a battery 

 
 

COMPETITION: 
 
 This year’s competition will be held in Batavia, Ohio on April 20th. The competition will 
consist of preliminary vehicle inspection followed by an endurance event. The endurance event 
will take place over a 2.2 mile long dirt and mud circuit, and will consist of each vehicle 
traversing the course for as many laps as possible while carrying the water barrel payload. The 
vehicle will be required to dump the water and refill the barrels every three laps, and overall 
points at the end of the event will be calculated based on how many laps the vehicle completed 
and how many barrels of water were carried on each lap. 
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RESEARCH 
 
 Research was conducted with the intent of gathering information on previous builds and 
concepts for BUVs in order to gain a better understanding of some of the tasks that these 
vehicles need to be designed for. Previous BUV design team members were also interviewed in 
order to obtain a firsthand account of the design process, including any possible hurdles involved 
in the design or build process. (11) (12) The following is an outline of the various vehicles we 
analyzed and researched, as well as information obtained from interviews. 
 

2012 PURDUE UNIVERSITY BUV: 
  

 The Purdue University BUV was the winner of the 2012 IAT competition. The team was 
able to design a simple, lightweight vehicle, comprised mostly of wood. Their 5-Speed 
transmission also allowed for quick acceleration and increased payload capacity. (1) 
 

Features 
• Front strut to allow for braking on all three wheels 
• Front suspension 
• 5-speed transmission with reverse 
• Top speed of 25 miles per hour and carry 2,000 pounds 
• Designed to be built with basic hand tools, saws, drills and a welder 
• 10-hp Diesel Engine 
• Angle iron and car driveline parts 
• Mostly made of wood 

 

 
Figure 1: 2012 Purdue University BUV 
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GENERAL VEHICLE FINDINGS: 
 
 Multiple different UTVs currently available on the market were analyzed in order to see 
which aspects of their design is preventing them from filling the need of our target end users in 
rural areas of developing countries. Getting an idea of these flaws allows our team to identify 
certain aspects of the current designs that need to be improved upon in order to accomplish our 
goals. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 While the vast majority of the market vehicles that were analyzed more than satisfied the 
power requirements for the general tasks our vehicle will need to accomplish, very little was 
done to ensure that they were easily affordable and maintainable. Beyond this, the average cargo 
capacity of these vehicles was smaller than what would be considered ideal given the 
competition tasks and intended end users. Also worth mentioning would be the fact that all of the 
market vehicles analyzed utilized a four-wheel setup, whereas the overwhelming majority of 
competition vehicles utilized a three-wheel setup. (10) This fact could partially account for r a 
higher price for the market vehicles, as the four-wheel setup would require more braking and 
suspension components, as well as another wheel. It also appears that since the market vehicles 
needed to be visually pleasing to the potential buyer, esthetics were focused on to the point of 
having a negative effect on the overall weight and functionality of the vehicle. Possibly the most 
important drawback of the general collection of currently market available UTVs was the high 
price of manufacturing and, consequently, purchase.  (2) (3) (4) (5) (6) (7) (8) (9) 

 
Figure 3: 2012 University of Cincinnati BUV 

 

Figure 2: 2013 Commander 1000 
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PRODUCT OBJECTIVES 
 
 When determining product objectives, the team needed to consider not only the faults of 
current market available UTVs as found through research, but also potential vehicle attributes 
that would facilitate the specific competition requirements. 
 
 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. As there was not a customer survey conducted due to 
the nature of our project, the percentages associated with each objective were assigned based on 
team discussion and analysis of the build requirements. 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. 
 
1) Has sufficient capacity (12%) 

a) Maximum payload will be 2000 lbs. including the driver. 
 

2) Durable (11%) 
a) Materials and parts will be selected from mathematical analysis to withstand the 

stresses the vehicle will face on the course. 
b) COSMOS will be used to find the maximum stresses existing on the frame. 

 
3) Handle rough terrain (10%) 

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

i) Front suspension will have 3 in. of travel 
ii) Rake angle will be at most 20° 
iii) Rear suspension will handle a maximum payload of 2500 lbs. 
iv) Front wheel can the stresses of a 3 foot drop 

 
4) Affordable (9%) 

a) Vehicle will cost less than $4000 to manufacture. 
b) Vehicle frame will have at least an 11” clearance off the ground. 

 
5) Easy to Maintain (8%) 

a) Access to each component in the vehicle. 
b) Flat head screws will be used. 
c) Vehicle will be maintained using standard tools. 

 
6) Easy to Manufacture (8%) 

a) Will use standard parts. 
b) Vehicle can be assembled without the use of custom tools or specialized 

professionals. 
 

7) Easy to Operate (8%) 
a) Handle bars instead of a steering wheel. 
b) Turnkey or push button ignition. 
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8) Long life expectancy (8%) 
a) Standard paints and lubricants will be used to increase the life of vehicle parts. 
b) Engine, transmission, and electronic components will be enclosed to prevent 

water from damaging them. 
c) High grade materials such as steel or aluminum. 
d) Frame will be welded and all bolted components will use plated bolts and nuts. 

 
9) Fuel Economy (8%) 

a) Vehicle will go 4 laps during the competition without refueling. 
b) Vehicle will have low-friction/efficient bearings. 

 
10) Low center of gravity (7%) 

a) Maximum 2000 lbs will be between the rear axle and the front wheel. 
b) A roll bar will be installed per competition specs 

 
 

11) Safety (6%) 
a) Vehicle will be equipped with an engine kill switch. 
b) Vehicle will be equipped with a fire extinguisher. 
c) Vehicle will be equipped with a horn. 
d) Vehicle will be equipped with a roll bar. 
e) Padding on all sharp or dangerous places. 
f) Vehicle will be have brakes on all wheels. 
g) Vehicle will be equipped with straps to secure the cargo. 

 
12) Weather resistant (6%) 

a) Electronics, engine, and transmission will be enclosed. 
 
13) Has the ability to tow (N/A) 

a) 1st and 2nd gear setting on the transmission. 
b) 1 7/8 inch trailer ball with top 15 inches above ground when unloaded (at rear of 

vehicle). 
c) 25 foot looped end tow strap with attachment provision at the front of the frame. 

 
14) Small turning radius (N/A) 

a) Wheel base and handle bar range will be designed to allow a minimum 10ft. 
turning radius. 
 

15) Has sufficient driver visibility (N/A) 
a) Headlight 
b) No windshield 
c) Cargo bed will not block drivers rear view 

 
16) Operated by one person(N/A) 

a) Only one person required to drive the vehicle. 
b) One set of handle bars, and one foot pedal for the gas. 
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PROJECT MANAGEMENT 
 

SCHEDULE: 
 
Table 1: Project Schedule Outline 

Task Anticipated Date 
Completed 

Actual Date 
Completed 

Proof of Design Agreement 10/15/12 10/15/12 
Conceptualization 10/23/12 10/22/12 
Concept Selection 11/23/12 11/13/12 
Initial Design 1/25/13 1/4/13 
Acquire Parts 3/25/13 3/31/13 
Assembly 4/4/13 4/6/13 
Final Report 4/7/13 4/7/13 
Testing/Modification 4/19/13 4/19/13 
BUV Competition 4/20/13 4/20/13 
 
 
For full-detail project schedule, reference Appendix C. 
 
 

BUDGET: 
       

 The IAT sets a restriction of $2500 on the initial build price of each competition vehicle in 
an effort to reduce the vehicles to a basic form that would be more inexpensively manufactured 
in a third world environment. This price constraint forces each build team to identify exactly 
what their vehicles needs to accomplish and find a cost effective solution. Table 2 identifies the 
major cost areas of the build process. For a more in depth budget outline, reference Appendix D. 
 
Table 2: Budget Outline 

 
Anticipated Cost Actual Cost 

Frame $1,100  $348  
Braking $600  $216  
Powertrain $1,000  $946  
Suspension $400  $221  
Body $400  N/A 
Assembly Tools $150  N/A 
Miscellaneous $200  $100  
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CONCEPTS 
 

CONCEPT 1: 2011 SENIOR DESIGN BUV TEAM DESIGN 
 
 The concept shown in Figure 4 was implemented by the 2011 Senior Design BUV Team. 
This design shows the automotive alternator in line with the 12V automotive battery which is 
then wired into a 3-way ignition switch. Major components of this design include a start button 
wired into a starter solenoid, an automotive horn and horn button, brake lights with a brake 
indicator switch, a headlight with a headlight switch, and an odometer, hour meter, and oil 
temperature gauge. These gauges were implemented into the design for this year due to 
competition requirements. Redundant brake light wiring was also implemented in order to 
provide running taillights. 
 
Pros: 

• More available diagnostic information due to more gauges and indicators. 
• Higher visibility due to running taillights and headlight 

 
Cons: 

• Complex wiring 
• Higher cost and manufacturing time due to additional components and wiring 

 

 
Figure 4: Wiring concept 1, 2011 Senior Design BUV Team design 
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CONCEPT 2: MINIMAL COMPONENTS 
 
 The concept shown in Figure 5 was based off of the 2011 Senior Design BUV Team design 
and modified to eliminate unnecessary wiring and components based on this year’s competition 
requirements. This included eliminating the hour meter, odometer, and redundant brake light 
wiring. 
 
Pros: 

• Lower manufacturing cost 
• Easier assembly 

 
Cons: 

• Reduced visibility due to elimination of running taillights 
• Reduced system diagnostic information due to fewer gauges and indicators 

 

 
Figure 5: Concept 2, Minimal Components 
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CONCEPT 3: PULL STARTER 
 
 The concept shown in Figure 6 was based off of the Minimal Components concept shown in 
Figure 5 and was modified to account for the different engine starting and stopping methods used 
with this year’s engine. As the engine used this year incorporates a pull starter and single 
grounding kill switch wire, the starter button, started solenoid, and 3 way ignition switch were 
removed, and a simple emergency stop switch was added and wired directly to the engine starter. 
 
Pros: 

• Simpler design resulting in lower manufacturing cost 
• Easier assembly 
• Reduced engine starting circuitry 

 
Cons: 

• Reduced visibility due to elimination of running taillights 
• Reduced system diagnostic information due to fewer gauges and indicators 

 

 
Figure 6: Concept 3, Pull Starter 
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CONCEPT SELECTION: 
 
 The three concepts outlined above were analyzed using the weighted rating method. The 
criteria were Ease of Maintenance, Ease of Assembly, Reliability, Price, and Safety, and the 
score scale was 1-5. After awarding a score for each category and concept, as well as applying 
the weight values, Concept 3 was decided upon. Table 3 below shows the weight rating decision 
matrix that was used for concept selection. 
 

 
Table 3: Weighted Rating Decision Matrix, Concept Selection 
 
 
 

DETAILED DESIGN – COMPONENT SELECTION 
 

BRAKING COMPONENTS SELECTION: 
 
 The rear clip of a 1994 Chevrolet S10 pickup truck was utilized as the rear of our chassis, 
and the existing drum brakes were also utilized, shown in Figure 7. The 1994 Chevrolet S10 has 
a curb weight of 3100 lbs and a rated payload of 1400 lbs, resulting in a maximum gross weight 
of 4500 lbs. It also has a 6000lb maximum tow rating. With a competition requirement of 3 
wheel brakes, three of these brakes would be utilized. 
 

 
Figure 7: Rear drum brake of 1994 Chevrolet S10 pickup 
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 A Wilwood brake pedal and two Wilwood master cylinders were sourced for the braking 
system, shown in Figure 8. The pedal assembly is an aluminum, forward mount assembly 
allowing for dual master cylinders with the use of the built in balance bar. The two master 
cylinders aluminum, universal fit master cylinders with a 0.750 in bore diameter. 
 

 
Figure 8: Brake pedal assembly, dual master cylinders 
 
 To provide the brake signal to the taillights, a Goodridge Banjo Bolt with Built-In Brake 
Light Pressure Switch, shown in Figure 9, was incorporated into the master cylinder assembly. In 
order to facilitate this and the other 10mm x 1.0 straight banjo bolt, brass adapters were used 
with the master cylinders the convert the 1/8” x 27 NPT outlet of the master cylinders to 10mm. 
Banjo bolts and fittings were incorporated in order to allow for the tight space constraints caused 
by the centrally mounted front suspension and wheel stem. A 90° banjo fitting allowed the 3/16” 
hard brake line to be connected directly along the side of the master cylinder and run straight 
back towards the rear of the vehicle. A straight banjo fitting on the other master cylinder allowed 
for the 3/16” braided steel flex line to be routed up the stem before being sent down towards the 
front brake, allowing for safe ground clearance to reduce the chance of getting caught by passing 
debris. The flex line was utilized for the front brake to allow for the twisting of the steering 
wheel and vertical travel associated with the front suspension. 
 
 

 
Figure 9: Banjo bolt with built-in brake light pressure switch 
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 When running the 3/16” hard line to the rear brakes, it was decided to utilize the existing tee 
fitting, shown in Figure 10, and flex lines already installed on the brakes. In order to incorporate 
this items, the 3/16” hard line needed to be adapted to the existing ¼” hard line from the rear 
clip. The adapter, shown in Figure 11, receives both hard line ends via a 3/16” male connector 
and a ¼” male connector, with both connectors going into a double female fitting. 
 

 
Figure 10: Existing Tee fitting going into existing flex lines 
 

 
Figure 11: 3/16" to 1/4" hard line adapter fittings 
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BRAKING SYSTEM BOM 
 
Table 4: Braking System BOM 

 
 

THROTTLE COMPONENT SELECTION: 
 
 In order to maintain consistent throttle actuation while traversing rough terrain, a hand 
throttle was incorporated instead of a foot pedal throttle. The hand throttle, shown in Figure 12, 
is a bicycle hand brake lever used in conjunction with 1.5mm bicycle brake cable and housing. 
The hand brake lever fulfills the competition safety requirements for a spring return throttle with 
the return spring located directly on the throttle device, as the lever has an internal spring. 
Despite this, external return springs were also incorporated directly on the engine throttle to 
ensure quick and consistent return to engine idle speed upon releasing of the hand lever. 
 

 
Figure 12: Throttle hand lever 
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THROTTLE SYSTEM BOM 
 
Table 5: Throttle System BOM 

 
 

ELECTRICAL COMPONENT SELECTION: 
 
 Per the competition requirements, an automotive horn (sourced from a Chevrolet Blazer), 
emergency shut off switch, and oil temperature sensor and gauge were all needed for the vehicle. 
Along with this, a headlight and brake lights were also incorporated to add a degree of 
operational safety to the vehicle and to expand its usefulness during low or un-lit hours of 
operation. To allow for the controls of these items, simple rocker switches were sourced to 
control the lights and engine shut off, and a momentary button was sourced for the horn. These, 
as well as the oil temperature gauge are shown in Figure 13. 
 

 
Figure 13: Engine shutoff (marked by red ribbon), light switch, temp. gauge, and horn button 
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 To aid in low light visibility, the back-light of the oil temperature gauge was wired into the 
headlight switch, engaging the back light whenever the headlights are in use. 
 
 The oil temperature gauge and sensor were sourced as a package from a local automotive 
shop. The sensor, shown in Figure 14, was adapted to directly replace one of the engine’s oil 
drain plugs, allowing for easy installation. A single sending wire from the sensor to the gauge 
also improved wire management within the engine compartment. 
 

 
Figure 14: Oil temperature sensor in engine oil outlet 
 
 
 Previous teams have utilized an exterior automotive alternator in their electrical system 
design, which has been powered via a belt a pulleys incorporated into the drive train. In an effort 
to reduce the amount of moving parts and parasitic loss on the drive train, an internal alternator 
made specifically for our version of the Briggs and Stratton engine was sourced for this vehicle. 
In order to install this alternator, the front casing and flywheel of the engine both need to be 
temporarily removed. After this is done, the alternator, shown in Figure 15, fits around the 
existing shaft and is bolted directly to the engine. After the cables are routed outside of the 
engine, the flywheel and front cover can be reinstalled. When using this alternator, an external 
voltage regulator is needed. The voltage regulator made for this alternator has a simple wiring 
harness that directly received the wires from the alternator, and the whole apparatus can be 
bolted down outside of the engine. This solution not only reduces the number of moving parts on 
the vehicle and reduces power loss on the drive train, but it is also more cost effective than an 
automotive alternator when running a small amount of electrical components. The new Briggs 
and Stratton alternator that was purchased for this vehicle cost $44.75, while a refurbished 
automotive alternator can cost in excess of $200.  
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Figure 15: Briggs and Stratton 695466 Alternator and Regulator 
 
 
 Two taillights and a single headlight were incorporated to increase the vehicle’s usability 
and safety when being operated during low or un-lit hours. The two taillights were sourced from 
a 2000 Land Rover Freelander, and the headlight is a generic fog light of unknown make that 
was donated for the vehicle. In order to mount the headlight, a mounting bracket was fabricated 
out of two small pieces of angle iron. One end of the bracket was welded directly to the frame, 
and the other was drilled to facilitate a mounting bolt, nut and washers. The headlight, headlight 
bracket, and taillights are shown in Figures 16, 17, and 18 respectively. 
 

 
Figure 16: Headlight 
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Figure 17: Headlight Bracket 
 

 
Figure 18: Taillights 
 

ELECTRICAL SYSTEM BOM 
 
Table 6: Electrical System BOM 
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FABRICATION 
 

SHIFTER FABRICATION 
 
 To allow for forward, neutral, and reverse gearing, a KT35 Tuff Torq was incorporated into 
the drive train. In order to shift between these gears, a shifting mechanism connecting to the top 
selector shaft of the transmission needed to be made to allow for easy access by the vehicle 
operator. The shifter, shown in Figures 19 and 20, was constructed with a 14 in. pipe with an 
inner diameter of 0.55 in. which was slightly larger than the outer diameter of selector shaft of 
the transmission (0.5 in.). the pipe seated over the selector shaft and had two tapped holes in the 
base to facilitate two ¼ in x 20 seating bolts which secured the pipe to the selector shaft. The top 
of the pipe was then connected to a trimmed piece of angle iron which extended out towards the 
driver to allow for rotation of the selector shaft, initiating the forward, neutral, and reverse gears. 
 

 
Figure 19: Shifter, rear view, connecting to transmission shaft 
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Figure 20: Shifter, front view, lever extending towards the driver 
 
 
 

THROTTLE CABLE LINKAGE AND COVER FABRICATION 
 
 Due to the placement of the throttle lever on the handlebars and the resulting distance to the 
engine throttle, two cables needed to be utilized. I order to utilize two cables, a linkage had to be 
fabricated. Two small pieces of angle iron were cut and fit with adjustable cable retainers. The 
angle iron brackets were then bolted to the floorboard. Once the cables were run through their 
respective retainer brackets, they were linked together with the use of retaining nuts on the end 
of the cables, as well as a clamp in between the retaining nuts to prevent the cable ends from 
sliding apart and separating.  
 
 To prevent accidental engaging of the throttle by bumping the exposed cable linkage, a 
guard was fabricated out of two pieces of angle iron, as shown in Figure 21. The guard was made 
to fit over top of the entire linkage and then be bolted to the floorboard. This completely shields 
the exposed cables from any accidental contact. And similar guard was also made for the brake 
line and electrical wires on the other side of the floorboard. 
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Figure 21: Throttle cable linkage and guard 
 
 
 

COMPETITION RESULTS 
 
 The competition officially began at 9:00 am on the 20th. There was no precipitation that day, 
however precipitation on previous days had made the terrain muddy. The team’s vehicle passed 
initial inspection with all of the required safety features in place. There were six teams entered 
into the endurance event, which tallies your overall points based on how many laps have been 
completed and how many full barrels of water were carried each lap. Of the six vehicles, the 
2013 UC BUV Senior Design Team placed 3rd with an overall point score of 35.5. 
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PROOF OF DESIGN DISCUSSION 
 
 Each member generated a proof of design for outlining design objectives for each respective 
build focus. The proof of designs were then compiled to during the generation of the overall 
Product Objects for the vehicle. This allowed the team to identify each important aspect of the 
build. The Control Systems and Braking Proof of Design points are as follows: 
 

• Vehicle will be equipped with an engine temperature gauge. 
 

• Vehicle will be equipped with a single front headlight, as well as two rear brake lights. 
 

• All wired connections will be weather sealed. 
 

• Vehicle will be equipped with all-wheel braking. 
 

• Acceleration and braking will be controlled by the operator via foot pedals. 
 

• Vehicle under full payload will be able to come to a complete stop from the top speed of 
25 mph within 100 ft on flat grassy surface. 

 
The first four criteria were met and able to be verified. The vehicle was equipped with an engine 
temperature gauge, it was equipped with a single front headlight as well as two rear brake lights, 
all wired connections were weather sealed, and the vehicle was equipped with all-wheel braking. 
While braking was controlled by the operator via a foot pedal, the throttle was hand-actuated via 
the hand lever located on the handle bars. This route was taken in an effort to ensure smooth and 
consistent throttle actuation. Due to power and weight of the vehicle, it was not capable of a 25 
mph top speed. However, the braking system was verified to be able to stop the vehicle under 
full payload from an estimated top speed of 10 mph on flat grassy surface within 6 ft. 
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CONCLUSION 
 
 The vehicle, as a whole, was able to perform adequately throughout the competition, 
resulting in a 3rd place finish overall. The control and braking systems were able to fulfill all of 
the design criteria that were able to be tested and verified per the initial proof of design. 
However, there are aspects of these systems that could be improved upon. While the hand 
throttle proved to be reliable throughout the rough terrain, there were issues in linking the two 
required cables. The cable linkage would be the weak point in this system, and could be 
improved upon by simply finding one cable long enough to span the entire length. 
 
 While the braking system performed well to the point that it was able to be tested at, more 
braking power, and lower operating temperatures, could be achieved by utilizing disc brakes 
instead of drum brakes. This however will result in a slight increase in overall vehicle price, but 
depending on the environment it will be operating in and the duties it will be performing, this 
added cost might be worth it. 
 
 The electrical circuitry and components fulfilled the requirements, however better wire 
management could have been achieved by dedicating routes and space within the engine 
compartment specifically for electrical wiring.  
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APPENDIX A - RESEARCH 

Interview with previous BUV Club President, Adam Dehne, 15 Sep 2012 
Discussed different innovative ideas for the group’s BUV: 

- Cam-handle system for the hydraulic valves, the design had to go into the cam in 
order for the design to work properly  
- Changed the shape of the steering mechanism, went with handles instead of a 
wheel 
- Love-Joy connector for the (at the time) new engine 

Discussed features he would recommend: 
  - Having the hydraulic system in place 

- Design for one person operation, then most everything will be concise and optimize 
for anyone to operate it  

Discussed the most important aspects of the BUV: 
 - The ability to move the weight in the fastest time 
 - Needs to have great agility 
 - Needs a low center of gravity while still being able to go over obstacles 
Discussed the critical stresses on the vehicle: 

- Front suspension due to having a single tire supporting the load 
- Physical joints of the vehicle 
- Twisting when going over an obstacle with a heavy load 
- Power to the ground; Axels and drive train components must be able to move the 

weight and stay intact. 
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Interview with previous BUV Club President, Melanie Jump, 12 Sep 2012 
Saw pictures of the vehicle assembled and at the competition. 
Discussed what the hardest challenge of build/design was low cost 
Discussed the pitfalls of the competition and what she wished her group had done differently 
to avoid them. 
Discussed the necessities of the vehicle; carrying large quantities is much better than 
comfort. 
Needs to be made out of common materials that could be found in third world nations. 
Needs to be easy to assemble. 
Vehicle needs to be able to withstand the elements. 
 

Technical Features Found During Interview: 

• Foot pedal for throttle 
• Hydraulic braking with disc brakes as emergency brakes 
• Agriculture tires 
• Drive components were in an enclosed hydraulic system, didn’t have to 

worry about mud and dirt messing with the drive components, it offered a lot 
of torque, and 3 wheel drive; was very expensive 

• Front suspension was polypropylene strap, it was low cost, easy to install, 
and just as durable as springs 

• Rear suspension was leaf springs 
• Used conduit tubing BLC galvanized/(weatherproof) because it was cheap 

and light 

 

 

 

 

2012 Competition 
Rules (discussed 
during interview): 
- Easy to fix 
- Easy to assemble 
- Cost was over $6000, 
well above competition 
rules =< $2500 
- Easier to steer with 
handle bars versus 
using a steering wheel; 
innovative 
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Purdue University won the 2012 BUV competition. This was their vehicle. 
 

  
 

                                                                                              
 Irrigation System 

 
 

 
 

Features 
• Front strut to allow 

for braking on all 
three wheels 

• Front suspension 
• 5-speed 

transmission with 
reverse 

• Top speed of 25 
miles per hour and 
carry 2,000 pounds 

• Designed to be built 
with basic hand 
tools, saws, drills 
and a welder 

• 10-hp Diesel 
Engine 

• Angle iron and car 
driveline parts 

• Mostly made of 
wood 

https://engineering.purdue.ed
u/~lumkes/BUV/ 
 
9/7/2012 

https://engineering.purdue.edu/~lumkes/BUV/
https://engineering.purdue.edu/~lumkes/BUV/


 

Appendix A4   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                                                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Features 
• Motion control 

shocks 
• Adjustable tilt 

steering 
• 27” Carlisle 

Black Rock 
tires 

• 2” diameter, 
high strength 
steel cage 

• 10” Front and 
Rear 
suspension 
travel 

•  
 
 
 
 
 
 
 
 

 
Features 

• Front Drum 
Brakes 

• Read Disc 
Brakes 

• All terrain tire  
• Water cooled 

4 stroke motor 
• Fully 

independent 
f t 

 
   

  
 

http://www.canamoffro
ad.com/Files/en-
US/Models/2013/Specs
/ssv/commander_1000.
pdf#zoom=100 
9/12/2012 

2013 Commander 1000 

250cc Everest Quad UTV 

http://www.saferwholes
ale.com/LG-250cc-
Everest-UTV-
p/250cc%20everest.htm 
9/12/2012 

The Can-Am Commander is built in line with our tradition of 
designing ATVs and side-by-side vehicles fit for everything from 
racing to hunting trips to getting out on the trail with a friend for a 
long ride. No rec-utility side-by-side offers more power and 
versatility. You’re about to read all the ways we’ve made the Can-
Am Commander a thrilling vehicle. 
 
 

http://www.canamoffroad.com/Files/en-US/Models/2013/Specs/ssv/commander_1000.pdf#zoom=100
http://www.canamoffroad.com/Files/en-US/Models/2013/Specs/ssv/commander_1000.pdf#zoom=100
http://www.canamoffroad.com/Files/en-US/Models/2013/Specs/ssv/commander_1000.pdf#zoom=100
http://www.canamoffroad.com/Files/en-US/Models/2013/Specs/ssv/commander_1000.pdf#zoom=100
http://www.canamoffroad.com/Files/en-US/Models/2013/Specs/ssv/commander_1000.pdf#zoom=100
http://www.saferwholesale.com/LG-250cc-Everest-UTV-p/250cc%20everest.htm
http://www.saferwholesale.com/LG-250cc-Everest-UTV-p/250cc%20everest.htm
http://www.saferwholesale.com/LG-250cc-Everest-UTV-p/250cc%20everest.htm
http://www.saferwholesale.com/LG-250cc-Everest-UTV-p/250cc%20everest.htm
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Ranger XP 900 

http://www.polaris.com
/en-us/ranger-utv/side-
by-sides 
 
9/12/2012 

Features 
• Easy engine 

access 
• 1,500lb  load 

capacity 
• 2,000lb tow 

load 
• 12” ground 

clearance 
• 4-wheel 

hydraulic disc 
brakes 

• 10” front and 
rear 
suspension 

• Under  seat 
storage 
 
 
 
 
 
 
 
 
Features 

• Fully locked 
differential 
4WD 

• Steel frame 
• 12.1” ground 

clearance 
• Sealed drive 

case 
• 400lb load 
• 1,200lb tow 
  

 
 

2013 Rhino 700 FI Auto 4x4 

http://www.yamaha-
motor.com/outdoor/pro
ducts/modelfeatures/61
3/0/features.aspx 
9/12/2012 

http://www.polaris.com/en-us/ranger-utv/side-by-sides
http://www.polaris.com/en-us/ranger-utv/side-by-sides
http://www.polaris.com/en-us/ranger-utv/side-by-sides
http://www.yamaha-motor.com/outdoor/products/modelfeatures/613/0/features.aspx
http://www.yamaha-motor.com/outdoor/products/modelfeatures/613/0/features.aspx
http://www.yamaha-motor.com/outdoor/products/modelfeatures/613/0/features.aspx
http://www.yamaha-motor.com/outdoor/products/modelfeatures/613/0/features.aspx
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Big Horn 700 UTV 

http://www.bennche.co
m/products/Bighorn_70
0_UTV.htm 
 
9/12/2012 

Features 
• 13” ground 

clearance 
• 400lb load  
• 1200lb tow 
• Shaft drive 
• Locking 

differential 
• 25” tires 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Features 

• 1,330lb load 
capacity 

• 7.5” ground 
clearance 

• Rack and 
pinion steering 

• 4W hydraulic 
drum brakes 

• Top speed : 
25mph 

• 11.0 ft turning 
radius 

2013 Mule 4000 

http://www.kawasaki.co
m/Products/product-
specifications.aspx?scid
=15&id=688 
9/12/2012 

The Bighorn 700 is built to handle anything you want to do --no 
complaints. Its four-stroke, single cylinder 686 c.c., 33.5HP engine 
with automatic L-H-N-R-P transmission and on-demand 
2WD/4WD drive takes you where you want to go. Hunting, 
farming, camping, fishing, carrying, pulling, or towing --the 
Bighorn 700 can handle it all! Even better, the Bighorn 700 also 
meets safety requirements for a low-speed vehicle 
 
 
 
 
 

http://www.bennche.com/products/Bighorn_700_UTV.htm
http://www.bennche.com/products/Bighorn_700_UTV.htm
http://www.bennche.com/products/Bighorn_700_UTV.htm
http://www.kawasaki.com/Products/product-specifications.aspx?scid=15&id=688
http://www.kawasaki.com/Products/product-specifications.aspx?scid=15&id=688
http://www.kawasaki.com/Products/product-specifications.aspx?scid=15&id=688
http://www.kawasaki.com/Products/product-specifications.aspx?scid=15&id=688
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800cc UTV 

http://www.baohuamoto
rcycle.com/utility-
vehicle/865647.html 
 
9/12/2012 

Features 
 

• 800cc gasoline 
engine 

• CVT 
transmission 

• Independent 
front and rear 
suspension 

• 25” tires 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Features 

• 1800lb 
payload 

• 2000lb rated 
axle 

• Warranty 
• $339.76 

 

Armor Rex Inc, 50" X 62" Heavy Duty Utility Trailer, Black, LCI-
745TC. Great for Cargo, Motorcycle, ATV, Quad, Dirt bike, 
Snowmobile, Camping, Lawnmower, Lawn Tractor, Landscaping, 
Yard and Garden Equipment. The electric set up consists of a 
standard 4 flat connector and wire: yellow, green, brown, and 
white. Instructions and diagrams included for electrical connection. 
2000 lb rated axle with spindle for 30205 bearing. 14/16 GA 
frame. Certificate of Origin included with the trailer. 

Heavy Duty Utility Trailer 

http://www.deiequipme
nt.com/s.nl/it.A/id.1051
7/.f?gclid=CJba_PzqsLI
CFelaMgodq1MAOA 
 
9/12/2012 

Vehicles that can handle the tough jobs while going easy on the turf. 800 
cc utility vehicle has the hauling power you would not expect from an 
electric vehicle 

 

http://www.baohuamotorcycle.com/utility-vehicle/865647.html
http://www.baohuamotorcycle.com/utility-vehicle/865647.html
http://www.baohuamotorcycle.com/utility-vehicle/865647.html
http://www.deiequipment.com/s.nl/it.A/id.10517/.f?gclid=CJba_PzqsLICFelaMgodq1MAOA
http://www.deiequipment.com/s.nl/it.A/id.10517/.f?gclid=CJba_PzqsLICFelaMgodq1MAOA
http://www.deiequipment.com/s.nl/it.A/id.10517/.f?gclid=CJba_PzqsLICFelaMgodq1MAOA
http://www.deiequipment.com/s.nl/it.A/id.10517/.f?gclid=CJba_PzqsLICFelaMgodq1MAOA
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APPENDIX B - 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 a basic utility 
vehicle for developing communities in impoverished areas. The vehicle will be designed and 
built to meet competition guidelines. 
 
 
17) Has sufficient capacity (12%) 

a) Maximum payload will be 2000 lbs. including the driver. 
 

18) Durable (11%) 
a) Materials and parts will be selected from mathematical analysis to withstand the 

stresses the vehicle will face on the course. 
b) COSMOS will be used to find the maximum stresses existing on the frame. 

 
19) Handle rough terrain (10%) 

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

i) Front suspension will have 3 in. of travel 
ii) Rake angle will be at most 20° 
iii) Rear suspension will handle a maximum payload of 2500 lbs. 
iv) Front wheel can the stresses of a 3 foot drop 

 
20) Affordable (9%) 

a) Vehicle will cost less than $4000 to manufacture. 
b) Vehicle frame will have at least an 11” clearance off the ground. 

 
21) Easy to Maintain (8%) 

a) Access to each component in the vehicle. 
b) Flat head screws will be used. 
c) Vehicle will be maintained using standard tools. 

 
22) Easy to Manufacture (8%) 

a) Will use standard parts. 
b) Vehicle can be assembled without the use of custom tools or specialized 

professionals. 
 

23) Easy to Operate (8%) 
a) Handle bars instead of a steering wheel. 
b) Turnkey or push button ignition. 
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24) Long life expectancy (8%) 
a) Standard paints and lubricants will be used to increase the life of vehicle parts. 
b) Engine, transmission, and electronic components will be enclosed to prevent 

water from damaging them. 
c) High grade materials such as steel or aluminum. 
d) Frame will be welded and all bolted components will use plated bolts and nuts. 

 
25) Fuel Economy (8%) 

a) Vehicle will go 4 laps during the competition without refueling. 
b) Vehicle will have low-friction/efficient bearings. 

 
26) Low center of gravity (7%) 

a) Maximum 2000 lbs will be between the rear axle and the front wheel. 
b) A roll bar will be installed per competition specs 

 
27) Safety (6%) 

a) Vehicle will be equipped with an engine kill switch. 
b) Vehicle will be equipped with a fire extinguisher. 
c) Vehicle will be equipped with a horn. 
d) Vehicle will be equipped with a roll bar. 
e) Padding on all sharp or dangerous places. 
f) Vehicle will be have brakes on all wheels. 
g) Vehicle will be equipped with straps to secure the cargo. 

 
28) Weather resistant (6%) 

a) Electronics, engine, and transmission will be enclosed. 
 
29) Has the ability to tow (N/A) 

a) 1st and 2nd gear setting on the transmission. 
b) 1 7/8 inch trailer ball with top 15 inches above ground when unloaded (at rear of 

vehicle). 
c) 25 foot looped end tow strap with attachment provision at the front of the frame. 

 
30) Small turning radius (N/A) 

a) Wheel base and handle bar range will be designed to allow a minimum 10ft. 
turning radius. 
 

31) Has sufficient driver visibility (N/A) 
a) Headlight 
b) No windshield 
c) Cargo bed will not block drivers rear view 

 
32) Operated by one person(N/A) 

a) Only one person required to drive the vehicle. 
b) One set of handle bars, and one foot pedal for the gas. 
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APPENDIX C - PROJECTED SCHEDULE 
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APPENDIX D - BUDGET 
 

      Anticipated Costs  Actual Costs 
 

Frame      $1100     $348 

Braking      $600      $216 

Body and Cockpit    $400      N/A 

Powertrain      $1000     $946 

Safety and Driving Gear    $100      N/A 

Fabrication Tools    $150      N/A 

Travel    $100      N/A 

Registration    $250      $250 

Suspension    $400      $221 

Miscellaneous    $200      $100 

Team Apparel    $100      $20  

  

Total Costs     $4400     $2101 
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APPENDIX E – COMPETITION SPECIFICATIONS 
BUV FARM TANKER & TRANSPORTER 
 

2013 Design Specifications:   
 

Challenge:  Develop a vehicle to distribute water and carry produce from the farm to the market. 
 

Scoring:       The three scores below are added together and the team with the most points wins. 
 

Endurance Event – Teams score 10 points per lap plus 15 points for each full water barrel 
carried on that lap (up to 3 barrels at a time).  Endurance points make up 80% of the total 
score. 
 
Durability – up to 10% of Endurance points (max 10% for 10 year life) 
 
Cost – up to 10% of Endurance points (max 10% for $1500 BUV).  This includes the 
estimated cost to produce the vehicle in a micro-factory. 

 
Specifications:  

Cost Target $1500, with a maximum of $2500 for cost to build 
percentage 
Engine Up to 11 hp unmodified.  Use stock fuel tank (no extra tanks). 
Transmission Builders choice to meet event conditions 
Exhaust Stock muffler, with additional heat shielding as needed.  Muffler 
may be relocated. 
Cargo Bed Must hold two, but may hold three, 55 gallon steel barrels 
cradled securely on their sides, with the small opening at the top. The front 
of the cargo bed must be at least 16 inches high behind the driver.  All other 
bed sides must be at least 8 inches high. 
Maximum Load 165 gallons of water, roughly 1376 pounds of water  (does 
not include drum weight)  
Maximum Speed 20 MPH with empty drums 
Brakes Brakes on all the wheels and not on the driveline.  Must have 
redundancy that prevents total brake failure 
Parking Brake Capable of overcoming engine power. It may be on the 
driveline. 
Gauges  Engine temperature indication in view of driver 
Hitch 1-7/8 inch trailer ball with top of the ball 15” above ground when 
the vehicle is unloaded 
Roll Bar Minimum of 36 inches above seat bottom and located between the 
driver and the cargo. It must be completely padded above the seat height. 
Electrical System 12 volt, minimum 35 amp automotive alternator 
with a battery 
Water Pump system Ability to fill 55-gallon barrels from a pond during 
the timed endurance event.  This will be done many times during the event 
(i.e. every third lap) after dumping or pumping the water back into the pond.  
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One team member is allowed to assist the driver.  Your vehicle will be 
within 15 feet from the edge of the pond. The irrigation / pumping system 
must be carried on the vehicle during the event. 
Driver Safety Helmet required for each person aboard the vehicle.  
Seatbelts are at the option of the team. 
Towing 25 foot looped-end tow strap with attachment provision at the front 
of the frame.  Trailer ball will be rear attachment point for towing. 
Fuel Fuel and oil for an expected eight-hour event.  Engine must be 
“off” during refueling.  Use retail pump fuel.  Do not enhance fuel or add 
additives. 
Tires Agricultural tread, or aggressive tire chains are required.  Chains 
must be carried in vehicle if removed from the tires. 
Weatherproof Design to protect the vehicle from the weather elements & 
corrosion. 
Safety Items To participate in the event you must have the following 
items:  1. An engine shutoff device marked with a nine-inch red streamer 
located within reach of the driver.  2. A spring return throttle with the spring 
located directly on the throttling device and not on the control linkage.  3. 
Guarding from all moving parts, and 4. Padding of all sharp or dangerous 
areas.  5. Automotive horn and 6. A fire extinguisher.  7. A high visibility 
bicycle style safety flag above the vehicle. 

 
Name Plate University name & team number in 4-inch font on all sides 
of BUV 

 
 

Costing Information: Do not list engine cost 
 $450 for automotive transmission 
 $300 for truck axle with brakes and springs 
 $150 for small pickup frame 

50% retail cost for all other parts, or for salvage (except above) use U-pull & 
Pay Cincinnati prices www.upullandpay.com/cincinnati/home  

 
Report A standard report template will be provided to all registered teams 
for ease of cost and part documentation. 

 
Course The course will be around two grain fields.  It will be 2.1 miles 
long with some grass but mostly dirt or mud.  There will be a trail through a 
wooded area that will have hills and obstacles.  The pond for irrigation water is 
in the middle of the course.  The vehicle must back up to the pond to fill or to 
dump water.  Filling from a pond is not easy.  Have your procedure well-
developed before the event. 

 
Judging There will be multiple judges for the event.  The event will be 
scored on the number of laps completed under power before 5 PM.  Teams will 
score 10 points per lap plus 15 points for each full drum carried.  Friday will be 
technical/safety inspection, practice driving, and practice filling from the pond. 

 

http://www.upullandpay.com/cincinnati/home
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Endurance Event The endurance event will start at 9:00 am and run until 5:00 
pm.  The event may end early depending on conditions and point status.  This is 
a continuous event (no official lunch break).  Food and fuel are available a mile 
away, NAPA auto parts is within three miles, and Tractor Supply is 12 miles 
away.  Any disabled vehicles may be fixed on location (off the path), or will be 
towed to the pit area for repairs.  If towed for repair, that lap will not count for 
lap points, but they may start the lap again at the starting line when repaired. 

 
Support Equipment We expect to have a welder, air compressor, 
generator, and a pressure washer available to the teams.  There will be two 
tractors to support event needs on a first-come first-serve basis. 

 
Team Equipment Each team should have equipment to get themselves out of 
the mud.  This may be faster than waiting for the support tractor.  There are 
several trees near the muddy areas for tie-offs. 

 
Durability Score The BUV is expected to have a 10-year life in extremely 
rough conditions. The combined Durability Factor of the major systems of your 
vehicle will equal a percentage (1-10% max).  The % multiplied by your 
Endurance Event points equals the Durability score that will be added to your 
Endurance Event points. 

 



2013 Senior Design 
BUV Team 

Advisor: Dr. Janak Dave 

Nathan Gertz - Drive Train 
Mark Stoll - Suspension/Irrigation System 
James Voet - Brakes/Electrical System 

Sara Wells - Frame/Chassis 

 



Problem Statement 

The challenge is to design and develop a 
vehicle to tanker irrigation water and carry 

produce from the farm to the market.  



Research 

• Previous BUV Teams 
• Current IAT Design 
• 2012 Purdue 

University Vehicle 
• Existing Products 

 
 
 



Competition Requirements 
• Cost Target of $1500 for the assembled BUV 
• Up to 11hp unmodified engine 
• Maximum payload of 1320 lbs plus the driver and one 

passenger 
• Maximum speed of 20mph 
• Onboard irrigation system 
• Bonus points of the vehicle is made out of angle iron and 

rebar 
 



Product Objectives 
• Has Sufficient Capacity 
• Durable 
• Handle Rough Terrain 
• Affordable 
• Easy to Maintain 
• Easy to Operate 
• Long life expectancy 
• Has the ability to tow 
• Safety 
• Weather Resistant 

 



Control System and  
Braking 

By: James Voet 



Product Research: Braking 

• Existing Products Primarily Incorporate: 
– Drum Brakes 

• Light Weight 
• Inexpensive 

– Disc Brakes 
• High stopping power 
• Cool Operation Temp. 



Component Details 

• Sourced from 1994 Chevrolet S10 Pickup 
– Curb Weight: 3100 lbs. 
– Rated Payload: 1400 lbs. 

• Total Weight: 4500 lbs. 
– Rated Tow Capacity: 6000 lbs. 

• Assuming 3 brakes in use: 
– Equivalent Maximum Weight: 3375 lbs. 

• Estimated Total Vehicle Weight: 3000 lbs. 



Braking System Layout 



Braking System Components 

Item Quantity Price  
(per part) Price 

Drum Brake 3 $16  $48  
Brake Lines 3 $7  $21  
Emergency Brake Cables 2 $9  $18  
Emergency Brake Lever 1 $6  $6  
Brake Pedal Assembly 1 $18  $18  
Master Cylinder 1 $20  $20  
Brake Backing Plate 1 $7  $7  
    Total: $138  



Finalized Braking System 

• Existing brake internals were replaced and 
existing brake T-joint was used. 



Finalized Braking System 

• Master Cylinder: Wilwood aluminum 
universal fit, 0.750 in. bore 

• Brake Pedal: Wilwood aluminum forward- 
mount 



Braking Components 

• 1/8” 27 NPT adapters 
• M10 x1.0 Banjo Bolt / Banjo Bolt Sensor 
• 90° Banjo fittings to -3 for 3/16” line 

 

Adapter for existing ¼” line 



Transmission Shifter and 
Throttle 

• Shifter Design Criteria: 
– Inexpensive 
– Durable 
– Easy to manufacture 

• Material Selection: 
– Hot Rolled A-36 Steel 
– Price per ft. (1/2”x1”): $3.50 



Initial Shifter Details 

• Material: Hot Rolled A-36 Steel 
• Lever dimensions: 
 



Finalized Shifter 

• Easier to manufacture 
• Fewer moving parts 
• Cheaper 

 



Shifter Video 



Throttle 

• Hand Throttle 
– Mounted on handle bars 
– Sourced from a dirt bike (hand brake) 

 
• Cost (including cables): $20 
 

 



Finalized Throttle 

Due to length requirement, two cables were incorporated. Cable 
joint guard fabricated out of angle iron. 



Electrical System 

• Competition Requirements: 
– Engine temperature indication must be in view 

of the driver 
– 12 V, minimum 35 amp automotive alternator 

with a battery 
– Design to allow protection from the weather 

elements 
 



Concept 1: 2011 BUV Design 



Concept 2: Minimal Components 



Concept 3: Pull Starter 



Concept Selection 

• Selection Method: Weighted Rating Method 



Electrical System Components 
Item Quantity Price  

(per part) Price 

Battery 1 Donated $0  
Alternator 1 $25  $25  
Fuse 3 $0.50  $1.50  
E-Stop Switch 1 $4  $4  
Brake Indicator Switch 1 $4  $4  
Brake Lights 2 $6  $12  
Head Light 1 Donated $0  
Headlight Switch 1 $8  $8  
Horn Button 1 $4  $4  
Horn 1 $4  $4  
Oil Temperature Gauge 1 $6  $6  
Oil Temperature Sensor 1 $5  $5  
16 ga. Wire (100' Spool) 1 $30  $30  

Total: $104.50  



Electrical Components and 
Placement 



Elec. Components and 
Placement Cont’d 



Elec. Components and 
Placement Cont’d 



Alternator 

• Fewer moving parts 
• Easier to incorporate 
• Cheaper 

 

Briggs & Stratton 695466 Alternator 



Overview 

• Allotted budget for braking and controls: $600 
• Initial design expenses: $242.50 
• Current expenses: $215.50 

 Objective: Planned: Actual:
Proof of Design 10/15/2013 10/15/2012
Conceptualization 10/23/2013 10/22/2012
Concept Selection 11/23/2013 11/13/2012
Initial Design 1/25/2013 1/4/2013
Acquire Parts 3/25/2013 3/31/2013
Assembly 4/4/2013 4/6/2013
Testing/Modification 4/19/2013 -
Competition 4/20/2013 -



Frame/Chassis 
By: Sara Wells 



Research 

• Previous BUV Teams 
• Current IAT Design 
• 2012 Purdue 

University Vehicle 
 



Competition Requirements 

• Must be able to carry 2 (may hold 3) 55 gallon 
steel drums 

• Maximum payload of 1320 lbs (plus driver and 
passenger) 

• 1 7/8 inch trailer ball hitch 
• Roll Bar – minimum 36” above seat 
• Bonus Points: Frame made out of angle iron and 

rebar 
 

 



Design Analysis 



Concept 1: Standard Shape 

• 1” x 1” x 1/8” angle iron 
• 1 part welded together 
• Welded to rear clip 
• Plywood across top 



Concept 2: Sleek Design 

• 2” x 2” x 1/8” angle iron 
• 1 part welded together 
• Welded to rear clip 
• Plywood across top 
• Narrowed design 

 



Concept 3: Box Design 

• 2” x 2” x 1/8” angle iron 
• All 90° cuts 
• 1 part welded together 
• Welded to rear clip 
• Plywood across top 

 
 



Concept Design 

Criteria Weight % Standard Weight % Sleek Weight % Box Weight % 
Durability 30 4 1.2 4 1.2 2 0.6 

Ease of Assembly 25 1 0.25 2 1 3 0.5 
Weight 20 3 0.6 3 0.6 3 0.6 

Low Cost 15 3 0.45 3 0.45 2 0.3 
Material Usage 10 2 0.2 3 0.3 3 0.3 

 
100 

 
2.7 

 
3.05 

 
2.55 

 
Concept 2: Sleek Design was chosen for the frame design based on the fact it had 

the highest weighted percentage in the decision matrix. 



Solid Model Assembly 



Cargo Bed 

• Angle iron 
• Plywood 
• Will hold 3 steel drums 
• Welded on top of rear 

clip 



Finite Element Analysis 
(FEA) 





Loads 

1567 lbs 

600 lbs 



Stresses 

Max Bending Stress: 34.8 ksi 
Yield Strength of A36 Steel: 36.0 ksi 
Factor of Safety: 3.37 



Component/Material Selection 

• Angle iron (2” x 2” x 1/8” and1” x 1” x 1/8”) 
– A36 Steel 

• Plywood (3/8” thick) 
• Steel Barrels (3) 
• 1 7/8” Trailer Hitch 
• Chevy S10 Rear Clip 
• Steel tubing – for roll bar 

 



Fabrication/Assembly 



Frame 



Cargo Bed 



Schedule 
Task Projected Actual

Proof of Design Agreement 10/8/12-10/21/12 10/15/2012
Concept Sketches 10/15/12-11/4/12 10/22/2012
Concept Selection 11/5/12-11/11/12 10/25/2012
Preliminary Design 11/5/12-12/9/12 1/14/2013
Order Remaining Parts 1/21/13-2/4/13 2/16/2013
Assembly 1/21/13-3/17/13 3/18/2013
Testing & Modifications 3/18/13-3/31/13 4/1/2013
Final Testing 3/25/13-4/7/13 4/19/2013
IAT Competition Report 4/16/2013 4/16/2013
IAT Competition 4/20/2013 4/20/2013



Actual Budget 

Estimated Budget: $1,100         Total: $347.73 

Description Cost
Front frame 2"x2"x1/8" angle iron frame welded together (160 inches of 

welds)
88.43      

Brackets, fasteners 1/4" Bolts to hold down plywood on top of the front frame. 
(qty: 14)

3.50        

Rear frame, roll bar Chevy S10 rear clip, roll bar - 1 1/4" steel tubing (2.5" of 
welds)

75.56      

Trailer hitch 1 7/8" trailer ball hitch 4.38        
Brackets, fasteners 1/4" bolts (qty:18) 4.50        
Cargo bed, seat 1"x1"x1/8" angle iron bed, welded together (62 inches of 

welds), seat - wooden bench with screws, held to frame with 
1/4" bolts (qty:4)

74.00      

Padding, shielding Foam padding around roll bar, plywood and plastic tarp are 
used for shielding. 

5.44        

Sub-totals 347.73    

Component



Drive Train 
By: Nathan Gertz 



Competition Requirements 

• Up to 11 HP unmodified engine allowed 
• Max speed of 20 MPH 
• Recommend shielded chains and belts for high 

durability score 
 

 



Research 

• Past BUV drive train 
designs 

 
• Purdue’s 2012 design 

 

 



Design Analysis 



Concept 1: 2010 BUV Team’s Design 

• Rev limiter 
– Max torque; less wear 

• Covered components 
• Chain drive 

 



Concept 2: Chain Drive Through 
Transmission & Differential 

• Forward, Reverse, 
Neutral  

• Chain drive 
• Constant variable 

transmission  
• Custom drive shaft 
• Self-lubricated bearings 

 



Concept 3: Belt Drive Through Gearbox 

• 2 speed gearbox 
• Belt drives 
• Custom driveshaft 
 
• Expensive 
• Weight becomes an 

issue 
 
 

 



Solid Model Assembly 



Calculations 
• Vehicle loading conditions 

– Force required for 20° slope: 1026 lbs 
– Min torque required: 1175 ft-lbs 

• Gear ratios 
– MHGR: 11.9:1 
– MLGR: 81:1 

• Shaft loading conditions 
– Shaft speed: 782 RPM 
– Shaft torque: 54.5 ft-lbs 

 
 

 



Shaft Loading Conditions 
Free Body Diagram 

Shear Diagram 

Moment Diagram 



Chain Drive Design 
• Used MDESIGN 

– 3/8” Pitch 
– C = 18.75” 
– 44 Teeth 
– 40 Chain 

 
 



Engine Selection 
• Briggs & Stratton 

INTEK I/C 305 
• 10 HP 
• 14.5 ft-lbs max torque 
• 3600 max RPM 
• Unleaded gas 
• 8.5 rated horsepower; 

can reach up to 10 with 
significant wear 
 



Transmission Selection 
• KT35 Tuff Torq 
• 15:1 gear reduction 
• Independent braking 
• Differential lock 
• Forward, neutral, 

and reverse 
capabilities 
 



Torque Converter Selection 
• Comet Industries 

780 Series 
• Max RPM of 5500 
• Changes ratio based 

on load requirements 
• High pulley ratio of 

0.69:1 
• Low pulley ratio of 

3.71:1 
 



Chain Drive Selection 

• Drive 
– 1” Bore 
– Finished bore sprocket 
– Quick disconnect 

• Driven 
– Quick Disconnect Bushing Bore 
– ¾” Bore 
– Tapered hub  

 



Bearing Selection 

• 3/4:” Bore 
• Self-Lubricating 
• Cuts down on 

maintenance 
• Max RPM 6500 
• Stainless Steel 

Mounts 
• 5.125” X 5” X 

1.375” 



Intermediate Shaft Selection 



Component/Material Selection 

• 4140 Steel 
• Stainless steel chain 
• Stainless steel sprockets 

 



Fabrication 



Assembly 



Schedule 

2-Apr-13
4-Apr-13
13-Apr-13

IAT Competition Report
IAT Competition

16-Apr-13
20-Apr-13

16-Apr-13
20-Apr-13

Assembly
Testing/Modifications

Final Testing

21 Jan 13 - 17 Mar 13
18 Mar 13 - 31 Mar 13
25 Mar 13 - 07 Apr 13

15-Oct-12
22-Oct-12
13-Nov-12
10-Jan-13
29-Mar-13

08 Oct 12 - 21 Oct 12
15 Oct 12 - 04 Nov 12
05 Nov 12 - 11 Nov 12
05 Nov 12 - 09 Dec 12
21 Jan 13 - 04 Feb 13

Proof of Design Agreement
Concept Sketches
Concept Selection
Preliminary Design

Order Remaining Parts

Task Projected Actual



Budget 
 Projected Cost Actual Cost

10 Hp Briggs and Stratton 210.00$           400.00$        
770 Drive CVT from QDS, retaining bolt 285.00$           105.79$        
11.12" belt from QDS 40.00$             19.50$          
770 Driven CVT from QDS 195.00$           97.50$          
Included w/purchase of CVT -$                 -$             
4140 Steel from McMaster-Carr 40.00$             10.27$          
Cast Iron Steel Ball Bearing for 3/4" shaft dia. 2 Bolt mount McMaster-Carr 73.86$             34.74$          
Bolts and Fasteners 100.00$           12.20$          
2x 44 teeth steel sprockets McMaster-Carr 75.00$             42.50$          
40 Chain, 3/8" pitch, stainless steel, McMaster-Carr -$                 17.95$          
1"x1" 3/8" angle iron, welds, stainless steel from Hirschberg Steel -$                 25.41$          
KT35 Tuff Torq Transmission 100.00$           100.00$        
Drive Yoke, U Pull and Pay, spline from Bud Herbert, U Cross from Autozone -$                 79.96$          
TOTAL COST 1,018.86$        945.81$        

Chain, belts, etc.
Brackets, framing, etc.
Transmission
Final shaft

Keys, fasteners, etc..
First shaft
Bearings
Keys, fasteners, etc.
Pulleys, sprockets, etc.

Drive Train Budget

Drive component
Engine

Belt, chain, etc..
Driven component



Suspension 

Mark Stoll 



Design Alternatives and Selection 



Static Forces on Front and Rear 

+ 

+ 



Leaf Spring 

1058lb < 1350lb 



Front Suspension Spring 
Selection 



Spring Justification 



Time of Oscillation 



Force on Uni-Strut 



FEA Front Suspension 2851lbf 

Bolt to Brake 

Spring 
Diameter 



Shear Force at Brake Bracket 

• Can use standard nuts and 
bolts 



Fork Assembly 
2.5” x 2.5” x 0.25” 

Weld Together 
in Stitches 

Fork Layout Pre Weld 

Fork Bracket to Brake 



Front Mount to Chassis - 1567lbf 

Spring Force 
on Rect. Tube 



Flange Bearing and Handlebars 

Flange bearing allows 
spring to rotate with shaft 

Handlebars - 1” 
Rod with Grip  



Fabrication 

Bolt Flange 
Bearing 

Weld Suspension to Chassis 
connection 

Weld Strut 

Bolt strut to 
brake 

Drill handlebar 
Connection 

Mount spring to 
brackets 

Apply Grip 



Timeline - Design 

23 



Timeline - Fabrication 

23 



Irrigation System 

Mark Stoll 



Initial Design 

3HP Gas Water Pump 



Modified Design 

Ball Valves to 
Control Water Flow 
For Barrels 

Water in 

Water out 



Water Pump Justification 

• Needs to fill up 3 barrels in less than 10 
minutes. 



Design Components & Fabrication 

PVC Assemblies (Glue and Press Fit) 

3HP 
Engine Flexible Hose 

Top Side 



Geometry 
• PVC pipe evenly spaced 

22.5” 22.5” 



Budget – Front Suspension 
Allotted $400 

Front frame and steering components  Cost  
Front frame Description 

Uni Strut (2.5x2.5x0.25) Square Tube - Length 5'4"         39.13  

(4.5x4.5x1/4) Plate 
         2.00  

Welding Length - 53.5in (13.38) 
       13.38  

Shaft (2x1/8) Steel Round Tube - Length 2'5"        29.20  

Welding Length 4.71in - (1.18) 
         1.18  

Frame 
Connection (6x2x1/4) Steel Retangular  

       59.60  

(1x0.25x14) Steel Plate (2x1.25) 
         2.50  

Welding Length - 63in (15.75) 
       15.75  

Front hub wheel hub        11.00  

Springs, shocks, etc. 7590 Moog Coil         11.00  
Brackets, fasteners Coil Brackets (2x2.00)          4.00  

Handlebars Bolts and Washers (2x0.25)          0.50  
Shaft 5/8 in hex bolts, washers, and nuts (4x1.02)          4.08  

Brake Mount Bolts nuts and lock washer M10 (4x0.25)          1.00  
Wheels Titan Tire          7.00  
Steering bars UCF-210-32 Flange Bearing         14.00  

Handles (2x2.00)          4.00  

Bar Rest (0.50)          0.50  

Welding Length 2in - (0.50)          0.50  
Sub-totals      220.32  



Budget – Irrigation 

Irrigation system  Cost  
Pump 1" Clear Water Pump with 79cc OHV Gas Engine        60.00  
Pump drive system Description 
Hoses, valves, etc. 1-in x 10-ft 450 PSI Schedule 40 PVC Pressure Pipe (2x)          2.82  

LASCO 1-in dia. 90-Degree PVC Sch 40 Tee (4x)          1.72  
LASCO 1-in dia. 90-Degree PVC Sch 40 Slip Elbow  (2x)          0.66  
AMERICAN VALVE 1-in PVC Sch 40 Socket In-Line Ball Valve (2x)          5.29  
AMERICAN VALVE 1-in Brass Female In-Line Ball Valve (4x)        29.72  
LASCO 1-in dia. PVC Sch 40 Adapter Outside Srew (11x)          3.63  
LASCO 1-in dia. PVC Sch 40 Adapter Inside Screw           0.39  
LASCO 1-in dia. PVC Sch 40 Adapter Hose Fitting (3x)          1.92  
Charlotte Pipe 2-in PVC Trap Adapter Fitting (3x)          1.46  
LASCO 2-in dia. x 1-in dia. PVC Sch 40 Bushing (3x)          3.54  
Tubing (15 feet)        35.40  
Apache Water Pump PVC Suction Hose - 1in. X 20 Feet w/strainer         17.50  

Other items required Description 
Sub-totals      164.03  



Testing 

• Final testing will 
occur Friday 4/19 
on the competition 
course. 

Competition Course 



Total Budget 

• Irrigation – $164.03 
• Suspension – $220.32 
• Frame - $347.73 
• Drivetrain – $945.81 
• Braking/controls - $215.50 

 
• Total Expenses - $1893.39 



Finished Vehicle 



Questions? 





Concept Design 

Concept 2: Chain Drive Through Transmission & Differential was chosen for the 
drive train design due to the outcome of the weighted decision matrix. 

Score Weighted Score Weighted Score Weighted
12% 8 0.96 8 0.96 8 0.96
11% 7 0.77 9 0.99 7 0.77
10% 6 0.6 5 0.5 4 0.4
9% 9 0.81 9 0.81 3 0.27
8% 9 0.72 10 0.80 2 0.16
8% 6 0.48 7 0.56 4 0.32
8% 8 0.64 9 0.72 7 0.56
8% 7 0.56 6 0.48 9 0.72
8% 5 0.40 5 0.40 5 0.4
7% 6 0.42 6 0.42 6 0.42
6% 7 0.42 7 0.42 7 0.42
6% 5 0.30 4 0.24 5 0.30

7.08 7.30 5.70

Long Life Expectency
Fuel Economy

Low Center of Gravity
Saftey

Weather Resitant

Durability
Off-Road Handling

Cost
Easy to Maintain

Easy to Manufacture
Easy to Operate

Criteria
Assigned 
Weight

2010 Design Transmission to 
Differential

Belt Drive to 
Gearbox

Sufficient Capacity



Vehicle Loading Conditions 
Force Required 

Force Required to Climb 20° Incline
Max Weight of Vehicle = 3000 lbs

Wt
θ

Fmin

3000 lbs
20°

1026.06 lbs

Tmin 1175 ftlbs

Minimum Torque Required
Wheel is 27.5 inches in diameter

rwheel 13.75 in
rwheel 1.146 ft

Fmin 1026.06 lbs

T engine 14.5 ft-lbs
Min HGR 11.867:1
Min LGR 81.09:1

dwheel 27.5 in
Speed 20 MPH
T min 1175.87 ft-lbs

Minimum Gear Ratios
Engine mac torque at 2900 is 14.5 ft-lbs
Max speed for competition is 20 MPH

Engine Speed 2900 RPM



Gear Ratios 

LGR 55.65:1

LGR TC 3.71:1
GR KT35 15:1

HGR 10.35:1

Torque Converter to Tranmssion Gear Ratios
Engine mac torque at 2900 is 14.5 ft-lbs
Max speed for competition is 20 MPH

HGR TC 0.69:1

IPR 1.457:1

Intermediate Pulley Ratio (Low)
MLGR 81.09:1
LGR 55.65:1

Final High Gear Ratio
Final Low Gear Ratio

15.082:1
82.187:1

GR KT35 15:1
IPR 1.457:1

HGR TC 0.69:1
LGR TC 3.76:1

Torque Converter to Transmission Gear Ratios



Shaft Speed 

FLGR
T engine

Final Top Speed
Final Torque Output

82.187:1
14.5 ft-lbs
15.74 MPH

1191.71 Ft-Lbs

dwheel 27.5 in
FHGR 15.082:1

Minimum Gear Ratios
Force Required to Climb 20° Incline

Max Weight of Vehicle = 3000 lbs
Speed 2900 RPM

Using the low gear ratio of torque converter
Rotational Speed of Intermediate Shaft

Engine speed 2900 RPM
TC GR 3.76:1

Shaft Speed 782 RPM

T Engine 174.0 in-lbs
TC GR 3.76:1
T Shaft 654.24 in-lbs

Torque Transmitted to Intermediate Shaft
Using the low gear ratio of torque converter

T Engine 14.5 ft-lbs



Intermediate Shaft Loading Conditions 

Torque Converter Force on Intermediate Shaft
Outside diameter of driven pulley of 9.26 in

k 1.5
T Shaft 654.24 in-lbs

D TC 9.26 in
FB 211.957 lbs

Selected Factors
Transmitted Power 9.0 hp
Reliability factor Cr 0.85

Size Factor Cs 0.81
Saftey Factor N 2.3

Reactions at Bearings
FA 32.74 lbs
FB 211.96 lbs
FC 265.95 lbs
FD 86.74 lbs



Concept 1: 2010 BUV Team’s Design 

• Pros 
– Simple design 
– Durable 
– Compact 

• Cons 
– Number of parts 
– Custom housings 
– Reduced ease of 

maintenance  

 



Concept 2: Chain Drive Through 
Transmission & Differential 

• Pros 
– Cost effective 
– Simple design 
– Easy to operate  

• Cons 
– Belt could slip 

 

 



Concept 3: Belt Drive Through Gearbox 

• Pros 
– Easy to operate 
– Excellent gear ratios 
– Durable design 

• Cons 
– Difficult to service 
– Belt prone to slipping 
– Cost  

 
 

 



Planned Testing 
• Vehicle will have a max speed of 20 MPH with empty barrels on flat 

grassy terrain Visual test with stopwatch 
• Vehicle will have two speed and reverse capability Visual test with 

stopwatch 
• Vehicle will utilize a 10 HP Briggs & Stratton engine Visual test 
• Vehicle will be capable of carrying a payload of 2000 lbs at a 20 

degree slope Visual test 
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