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ABSTRACT 
The Basic Utility Vehicle (BUV) competition, which is organized and hosted by the Institute 

of Affordable Transportation (IAT), is a bi-annual competition in which students from 

various colleges from around the nation compete against each other. The premise of this 

competition is to design a BUV costing less than $2500. These BUVs are required to 

complete a set task which is assigned by the IAT. The vehicles are evaluated on the overall 

amount of work that the vehicle can perform in an eight hour endurance race. The BUV is 

limited to a top speed of 20 mph; the BUV must also be capable of a moving a maximum 

payload of 2000lb up a 20  slope, and it must be durable enough to navigate rugged off-road 

terrain. IAT uses the BUV competition as a testing ground for new designs which they will 

potentially implement into their   kit cars. These kit cars will be sent to third world countries 

to help support the local communities.  
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1 

INTRODUCTION 
 

PROBLEM STATEMENT:  
 

Since the Institute of Affordable Transportation’s (IAT) founding in 2001they have worked 

together with local businesses, corporations, volunteers, churches, families, and nonprofit 

organizations to help build connections with developing worlds. To help strengthen this 

connection the IAT has developed the Basic Utility Vehicle (BUV). The BUV is a 

multifunctional tool that can be tailored to meet the specific needs of these developing 

communities. BUVs are often used in applications such as delivery trucks, school busses, 

water/food transporters, and ambulances. There are also agricultural implements which can 

be used for light tillage plowing, cultivating, planting, raking, and spreading fertilizer (1). In 

order to maintain technological advances for the BUVs the IAT hosts a bi-annual in which 

university clubs and senior design groups compete against each other. 

 

We are attending the April 19, 2014 competition which will be held in Batavia Ohio. The 

event will host up to 10 teams which will compete in an eight hour endurance race. This race 

takes place on an off-road course which will simulate the rough environments these BUVs 

will be subjected to.   

 

Each year the IAT releases a specifications sheet, this sheet lists the requirements of what 

each BUV will have to satisfy. See Appendix D for competition specifications. In short the 

overall goal of the 2014 BUV design competition is to fulfill all the requirements given by 

the IAT.  
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RESEARCH 
 

I was able to observe the 2013 BUV competition which gave me insight as to what the 

expectations are for the frame. From what I observed at the completion I was able to begin 

researching other designs that are currently on the market that are designed to withstand 

similar operating conditions. These designs utilize both three and four wheels and are 

commercially available. I have also included the observations that I made while at the 2013 

competition.  
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2013 COMPETITION SENIOR DESIGN BUV: 

 
Figure 1- 2013 BUV Senior Design Team at Competition 

 
Upon observing the 2013 spring BUV competition I have made the following list of 

alterations that I feel will improve how the BUV handles competition.    

 

1) All team’s BUVs were equipped with 3 barrels; however most teams were unable to 

complete a successful lap while towing all three barrels full of water. Instead most 

teams only filled one or two barrels. From this I can conclude that it is more efficient 

to only equip the BUV with the required two barrels. 

2) Due to the subpar conditions of the course large ruts were formed in the track. This 

caused many BUVs to bottom out. A way to fix this would be to increase the ride 

height of the BUV vehicle. 

3) Most BUVs struggled in the technical section of the course. This is mostly due to the 

lengthened wheelbase that is required when supporting 3 barrels. By eliminating one 

barrel the wheelbase can be shortened thus decreasing the turning radius.  

4) The largest factor that hindered all BUVs was the weight. It is common practice to 

use the rear frame of an s10 pickup. While this does make it easy to use the braking 

and suspension components from the s10 the added weight from the rear end causes 

the BUV to want to sink into the muddy tracks. This also requires a front end to be 

bolted to the s10’s rear frame which creates a weak point in the chassis. The fix for 

this would be to fabricate a frame from scratch using tube steel. This will allow the 

BUV to be lightweight while avoiding potential weak points in the chassis where two 

sub-frames connect.  
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VEHICLES SIMILAR TO BUV:  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Honlei 250cc Truck Cargo Tricycle 

                               
Figure 2 - Honlei 250cc Truck Cargo Tricycle 

Specifications: 

 
 

The Honlei 250cc Cargo Tricycle incorporates a very similar design to a BUV. 

This model of Tricycle is widely used in areas such as South Africa, South 

America, and the Middle East (2). Honlei Allows for the customer to specify 

different design features when ordering this vehicle. This vehicle is designed 

specifically for on road applications. The vehicle has a maximum capacity of 

772lb.. This vehicle has a cost of ~$1550.00 (Only a range of pricing is given) 

however the manufacturer requires the buying to purchase a minimum of 6 

units.   

 

Due to the compact design of the Honlei Tricycle it will excel in tight space 

maneuverability and the Orientation of the handlebars allow the driver to 

operate the vehicle with ease. The bed will allow for enough room for this 

vehicle to carry the required two 55 gallon barrels.  

 

The Honlei Tricycle however would not be suitable for the BUV competition. 

This vehicle, being designed for one road applications, would struggle in the off 

road terrain of the endurance track. The Bed, though it has enough volume for 

the required two barrels, would not be able to support the weight of two full 

barrels.  

The 

 

http://www.alibaba.com/product-
gs/623857755/Heavy_Duty_Utilit

y_Trike.html (2) 

http://www.alibaba.com/product-gs/623857755/Heavy_Duty_Utility_Trike.html
http://www.alibaba.com/product-gs/623857755/Heavy_Duty_Utility_Trike.html
http://www.alibaba.com/product-gs/623857755/Heavy_Duty_Utility_Trike.html
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ARIANS UTILITY VEHICLE , 22 PH, 4 x 2 

 
 

 

Figure 3 – Arians Utility Vehicle 

 

 
Utility Vehicle, 4 x 2 Drive System, Total Number of Wheels 4, Seating Capacity 2, Bed Operation Electric, 
Cargo Capacity 1000 lb., Max. Load Capacity 1400 lb., Towing Capacity 1500 lb. Overall Length 118 In., 
Overall Width 55 In., Overall Height 74 In., Ground Clearance 10-1/4 In., Wheel Base 78 In., Bed Length 52 
In., Bed Width 48 In.  

Total Number of Wheels 4 Towing Capacity 1500 lb. 

Seating Capacity 2 Overall Length 118 In. 

Bed Operation Electric Overall Width 55 In. 

Cargo Capacity 1000 lb Overall Height 74 In. 

Max. Load Capacity 1400 lb. Wheel Base 78 In. 

Bed Length 52 In. Ground Clearance 10-1/4 In 

Bed Width 48 In. Cost 12,834.00 

 

 

 

The Arians Utility vehicle is a similar design to the John Deere Gator.  It 

incorporates a four wheel design. Due to its short wheelbase it has good 

maneuverability. Its bed has sufficient capacity for two 55 gallon barrels 

 

It has a very high cost of $12,834.00 which makes it an unworkable design.  

Also in order to incorporate the four wheel design into a BUV vehicle the cost 

of manufacture would be vastly greater than a three wheel design which goes 

against the principle of the BUV competition.  

http://www.grainger.com/Gra

inger/ARIENS-Utility-

Vehicle-11K163?gclid=CN-

94uHR17gCFcef4AodEQIAF

g&cm_mmc=PPC:GooglePL

A-_-Outdoor%20Equipment-

_-

Crop,%20Nursery,%20and%

20Landscaping-_-

11K163&ci_src=17588969&

ci_sku=11K163&ef_id=CNZ

O63hOdxUAAIjp:201307301

62917:s (5) 

http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
http://www.grainger.com/Grainger/ARIENS-Utility-Vehicle-11K163?gclid=CN-94uHR17gCFcef4AodEQIAFg&cm_mmc=PPC:GooglePLA-_-Outdoor%20Equipment-_-Crop,%20Nursery,%20and%20Landscaping-_-11K163&ci_src=17588969&ci_sku=11K163&ef_id=CNZO63hOdxUAAIjp:20130730162917:s
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John Deere Gator 

 This utility vehicle was just released in 2013, and offers a variety of attachments, such as 

a plow and seed spreader.  It also has the capability to tow 1500lb load using a standard ball 

hitch, while offering extreme maneuverability and 4-wheel-drive. 

 
Figure 4 - John Deere Gator 

Specifications 
Capacity --- 

Dimensions, in. (mm) 45L x 52W x 12D in. 

Volume, cu. ft. (m3) 16.4 cu ft 

Weight, lb. (kg) 1000 lb 

Dump Manual with lift assist shock (factory installed power lift option) 

Tailgate Hinged at bottom, removable 

Ground Clearance 
Under Foot Platform, in. (mm) 

--- 
12.25 in. 

Ground Clearance, in. (mm)  11 in.  

Dimensions 
Width, in. (mm) 

--- 
62 in. 

Front-tread Centers, in. (mm) 51.2 in. 

Rear-tread Centers, in. (mm) 51.2 in. 

Wheelbase, in. (mm) 79 in. 

Weight (incl. fuel/fluids), lb. (kg) 2059 lb 

Towing Capacity, lb. (kg) 1500 lb 

Payload Capacity, lb. (kg) 1400 lb 

 

The Gator utilizes a four wheel design and has excellent maneuverability due to its short 

wheelbase. The bed of the gator also has sufficient volume for two 55 gallon steel drums. 

 

The gator has a very high starting price of $14999 which makes it an unviable option for this 

competition.  

 

The four wheel design of the Gator gives it better maneuverability and increased stability opposed 

to a three wheel design. However since the BUV has to be built inexpensively and needs to be 

rugged and light weight a four wheel design was deemed as impractical due to its increase cost of 

design and weight as a result of added suspension and steering components. 

 

 http://www.deere.com/wps/dcom/en_

US/products/equipment/gator_utility

_vehicles/crossover_utility_vehicles/

825i_s4/825i_s4.page?#viewTabs (3) 
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CUSTOMER REQUIREMENTS 
 

PRODUCT OBJECTIVES 
The frame will be designed and built to meet competition specifications. 

 

1) Has sufficient capacity 

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

 

2) Durable  

a) Materials and parts will be selected from engineering analysis to withstand the 

stresses the vehicle will face on the course. 

 

3) Handle rough terrain  

a) Frame will be designed to withstand operation over rough terrain with a payload of 

2000 lbs.  

 

4) Affordable 

a) Frame will cost less than $1500 to manufacture 

 

5) Easy to Manufacture 

a) The frame will be welded from straight lengths of tubing  

 

6) Long life expectancy 

a) Frame will be able to take high impact forces. 

 

7) Low center of gravity 

a) Frame will be designed to keep center of gravity lower than 4 ft. 

  

8) Safety 

a) The frame will be equipped will a roll-bar.  

 

9) Weather resistant 

a) Frame will have an anti-corrosion coating. 

 

10) Has the ability to tow  

a) Frame will be equipped with towing hitch.  

 

11) Small turning radius  

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

radius. 

 

 

 



2014 BUV Design Competition: Chassis  Nick Isaac 

Appendix F7 

QUALITY FUNCTION DEPLOYMENT 
 

The weighting of the frame objectives were determined through the use of a quality function 

deployment diagram. These weighted values are then used to determine which of the 

following concepts is the best to use for final design. 

Table 1- QFD 
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CONCEPTS 

CONCEPT 1:  LADDER PERIMETER FRAME 
 

 

 
 

Pros: 

- Light weight 

- Design allows for low center of gravity 

- Easy to re-use suspension components off 

of old BUV vehicle/ most trucks. 

- less bends/ angles which makes the frame 

easier to manufacture 

Cons: 

- Less ridged than other concepts 

- Stronger material must be used to 

compensate for lower design strength 
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CONCEPT 2: “X” TYPE PERIMETER FRAME 

 

 
Pros: 

- Light weight 

- Least amount of material used out of all 

concepts 

- Design allows for low center of gravity 

- Easy to re-use suspension components off 

of old BUV vehicle/ most trucks. 

 

Cons: 

- Less ridged 

- Stronger material must be used to 

compensate for lower design strength 
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CONCEPT 3: BOX FRAME 
 

 
 

All pros and cons are compared to other designs when mentioning more/less or high/low 

Pros: 

- Very ridged  

- Enclosing drive train components is 

easier 

- Increased design strength will allow for 

cheaper material to be used 

Cons: 

- More material used 

- High weight  

- Design would tend to be more top heavy 

- Less ergonomic to get in and out of 

assuming fully boxed to front suspension 
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CONCEPT SELECTION:  
The three concepts were entered into a decision matrix with the product objectives ranked from 1 

– 10 on how well the concept met that particular objective. Those rankings were then multiplied 

by the criteria’s weight, which can be seen in the product objectives. The weighted values were 

then totaled together for each concept to determine which the best design was. Table 1 displays 

the weighted decision matrix. 

 

Table 2 – Concept Selection 
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DESIGN 
Through the use of a weighted ratings method I have selected what I believe to be the most 

effective concept. This chosen concept is the ladder perimeter frame.  

Through further research and development I have re-evaluated this design, instead of 

focusing on a two part design where the bed frame are separate entities I have combined the 

two into a once piece frame while retaining the ladder perimeter frame lower portion. The 

benefit of this is that the weak points were the bed and frame would be attached to one 

another are eliminated; the other benefit of this is that the chassis gains strength and rigidity 

by increasing the number of load bearing members.   

I have also revised the design for the front suspension mounting. Instead of angling the front 

portion of the frame towards the front, I have made the bottom portion squared. The main 

purpose of this was to make the frame easier to manufacture by reducing the number of 

complex angles. This also allows for more legroom as well as an easier way for the braking 

controls to be mounted. 

 

 

 
Figure 5 – Solidworks Model Representation of the Frame 
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Figure 6 – Solidworks Representation of the Overall Assembly of the 2014 BUV  
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Frame Dimensions 

 
Figure 7 – Frame Dimensional Drawling 
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 FINITE ELEMENT ANALYSIS 
Name Type Min Max 

Stress1 TXY: Shear in Y Dir. on YZ 

Plane 

0 psi 

Element: 165 

22.3 ksi 

Element: 314 

 
 

Figure 8 – Solid Model Axial and Bending Stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 1000lb force is 

applied to the bed 

across both members 

A 1000 lb force 

is applied to the 

collar 

A 200lb force is applied 

to each drive train 

supporting members 
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Name Type Min Max 

Displacement1 URES: Resultant Displacement 0 in 

Node: 176 

1.523 in 

Node: 270 

 

 

Figure 9 - Solid Model Resultant Deformation 
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CALCULATIONS 
 

Constants: 

Constants for 1.25 in. x 1.25in. x 1.2 wall: 

Area Moment of inertia:   
   

  
 
    

 

  
 
          

  
 
          

  
            

Area=                         

  
 

 
 
      

 
        

           
              

 
 
                  

      
             

 

Constants for 2 in. x 2in. x .25in. wall: 

Area Moment of inertia:   
   

  
 
    

 

  
 
    

  
 
        

  
            

Area=                    

                           

  
 

 
 
   

 
     

           
              

 
 
                  

   
            

 

Moment Loading at Fixed Point 

 
The frame is treated as an infinitely rigid member with a moment taken at the point of fixture on 

the extreme side.  
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This force acts equally upon each side of the frame thus in order to determine loading per side 

the moment must be dived by two. 

  ∑                          
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Calculations for components where lightweight beams may be used: 

Frame Bed  

 

The weight of the two full 55 gallon barrels is 

distributed directly over members FH and EG. 

This weight is evenly distributed between both 

members. The resultant force of the barrels 

from members EG and FH is then transmitted 

through members AD and BC the resultant 

forces from members EG and FH is assumed to 

be evenly distributed over both members AD 

and BC. 

 

 

RF=RH= -Fbarrels=251lb     

 

        Fbarrels*a=251.4lbf * 17 in.=4,270 

lb*in 

 

       
 
  

 
 
           (

    
 )

        
 

       
          

    
  

       
 
        

          
      

Since the same loading conditions, fixtures and 

dimensions apply to member EG it can be 

assumed that the forces acting upon member 

FH are equal to those upon member EG. 
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Since the same loading conditions, fixtures and 

dimensions apply to member CB it can be 

assumed that the forces acting upon member 

DA are equal to those upon member CB. 

Drive Train Support Beams 

 

The weight of the drive train components, 
water pump, seating, and driver are evenly 
distributed over members C1D1 and E1F1. 
Member J1K1 is the front most member  
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Since the same loading conditions, fixtures and 

dimensions apply to member E1F1 it can be 
assumed that the forces acting upon member 

C1D1 are equal to those upon member E1F1. 
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 FABRICATION 
 

STRATEGY: 
 

The frame was designed to be made entirely of tube structural steel. The frame was designed 

via Solid Works modeling. This was done so that the frame could be analyses as a whole 

prior to manufacture to insure that it would be able to withstand the forces it would 

experience during competition.  

 

PROCESS: 
 

Raw material was purchased in 20 foot lengths and cut down to 

the required sizes. All of the required cuts were performed by 

both Anthony Price and myself. Anthony performed all straight 

length cuts at Cast Fab through the use of a band saw. I then 

finished by taking the remaining material to the OCAS North Lab 

and cut all of the members that required angles by using a miter 

saw.   

 

To insure quality of the manufacturing process of the frame all of 

the structural components of the frame that required welding were 

done by Rob Cropper. Rob has extensive experience in the 

manufacture of racing chassis’. Rob was contracted to perform all 

of the welding of the frame at a cost of $550.00. Rob was able to 

perform all of the required welding over the course of four days.  

 

Once the frame was delivered from Rob to the OCAS North Lab 

we were then able to proceed with the manufacture of the BUV.  

 

Upon mocking up the drive train we found that in order to keep 

the 

driveshaft in 

a safe 

position so 

that it did not 

have to steep of an angle we had to 

modify the frame so that the 

transmission would sit lower in the 

chassis.  

 

After consulting with Professor Conrad 

and researching how the transmission 

and engine were configured in the John 

Deere gator we discovered that the 

engine needed to be mounted above the 

Figure 10 – Cutting Angles 

with Miter Saw 

Figure 11 – Frame the Day of 

Delivery 

Figure 12 – Engine transmission and water pump 

mounted on additional members 



2014 BUV Design Competition: Chassis  Nick Isaac 

Appendix F21 

transmission. In order to do this two members needed to be added to the frame in order to 

mount the engine. These members shown in figure twelve were welded to the frame, after we 

were able to configure the transmission and engine correctly. The water pump was also 

mounted to these new members.  

 

The bed of the BUV had mounting tabs installed to help prevent the barrels from moving 

while traveling over rough surfaces. Eight tabs were installed in total, four for each barrel; 

these tabs are used as mounting locations for ratchet straps.  

 

The front collar of the BUV that the strut shaft passes 

through had a ¼” by 6” square plate welded onto it. 

This was done so that a bearing could be mounted to 

help reduce the amount of force that was required to 

steer the vehicle. The added bearing also helped reduce 

the amount of sheer stress seen by the collar.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 13 – Front Suspension 

Bearing Mounting Plate 
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TESTING AND RESULTS 
 

TESTING PRIOR TO BUV COMPETITION:  
 

In order to determine that the frame design would be strong enough to handle real world 

applications testing had to be performed. Although the frame had been designed in Solid 

Works to withstand high impact and loading forces we had to verify that this would hold true 

in the real world. A series of tests were performed to verify this.  

 

Per Dr. Dave’s recommendation we filled the two 55 gallon barrels with water, and then 

drove the BUV up a steep incline. The steep incline that we chose was Ashland Ave, which 

is a side street next to the University of Cincinnati Victory Parkway campus. The BUV was 

able to climb and descend the hill without issue. 

 

In order to test how the vehicle handled harsh camber changes we drove the vehicle with a 

full bed up the Cypress street entrance to the Victory Parkway campus. The vehicle had no 

issues navigating the entrance. 

 

In order to get the BUV to the tech expo we drove along side Victory Parkway from Cypress 

Street to the back entrance of the Victory Parkway campus. This allowed us to achieve the 

top speed of the vehicle. In doing this we determined that the frame was able to handle high 

speed travel.  

 

Before the BUV competition a day is allotted to allow all competing teams to test their 

vehicles and make any last minute improvements they feel are necessary. During this day 

teams are allowed to take their vehicles out to the course and perform laps around the course. 

This allows the teams to evaluate how their vehicles will perform in the competition setting. 

 

We took our vehicle to this testing day to evaluate how it would perform in the competition 

setting. We were able to drive the BUV through part of the course where we were able to 

confirm that the vehicle was able to navigate muddy and rough terrain. Unfortunately early 

on in this testing we had a failure in our front suspension system which forced us to have to 

sit out the rest of the testing day as we attempted to repair the system.  

 

In the brief time we did have on the course I was able to confirm that the frame was able to 

withstand the forces associated with driving on off-road terrain.   
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COMPETITION RESULTS: 
 

For the competition we decided to use the front suspension set up from the previous year’s 

BUV team. This was made as a 

group decision after the previous 

day’s failure. We were able to swap 

the suspension set ups on site the 

morning of competition.  

 

Over the course of the 6 hour 

endurance race the vehicle performed 

exceptionally well. It never once got 

stuck in the most challenging 

sections of the course. The only time 

the vehicle did get stuck was due to 

driver error when one of our 

teammates drove the vehicle off the 

course into very soft ground which 

buried the vehicle up to the axles.  

 

The vehicle was very capable; we were able to run every lap with two full barrels. We had no 

troubles during the technical maneuvering sections. Our vehicle was one of the most 

consistently working vehicles out of the entire competition. We had no serious failures 

during competition. 

 

After the scores were tallied we found that we took fourth place overall.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 – 2014 BUV at Competition 
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VARIFYING PROOF OF DESIGN 
 

Has sufficient capacity 

While the frame was never loaded to the maximum payload with the highest payload being 

roughly 1300 lbs (2 full barrels plus the weight of the driver) I believe the vehicle will be 

capable of operating with max payload as the vehicle never once struggled at competition.   

 

Durable  

The frame never once showed signs of failure over the course of the 6 hour endurance race.  

 

Handle rough terrain  

The vehicle was able to navigate the course with ease. We were able to complete every lap 

with a two full barrels. During my laps the vehicle never once showed signs of getting stuck.  

 

Affordable 

My original design objective was for the frame to cost less than $1500 to manufacture. I was 

able to achieve this goal with my frame design as the overall cost of the frame was $943.  

 

Easy to Manufacture 

I was able to achieve my goal of making the frame easy to manufacture by making a frame 

designed so that minimal tools were needed to manufacture it. Depending on front 

suspension choice the only tools required to manufacture the frame are a compound miter 

saw, a power drill, and a welder.  

 

Long life expectancy 

The frame has been designed to take high impact forces via solid works finite element 

analysis. This was verified during competition as the vehicle was driven over rough terrain 

where the front wheel became airborne over several sections of the course. There were no 

frame failures during competition which leads me to believe my calculations hold true in 

application.   

 

Low center of gravity 

The barrels have been mounted as low as possible in the rear of the vehicle to lower the 

center of gravity. With a full payload the top of the barrels sits just over four feet (4’1”) off 

of the ground.  

 

Safety 

The frame has been equipped with an anti-roll-bar that fulfills the competition specifications 

that it must be mounted 36 inches above where the driver is seated, and that it is padded 

above where the driver is seated.  

 

Weather resistant 

The frame has been painted so that it will not rust easily. 
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Has the ability to tow  

The frame has been equipped with the required towing attachments. There were two tow 

hooks in the front of the vehicle and a standard 1 7/8 trailer ball hitch in the rear. The vehicle 

also had the required 25 ft. loop ended tow strap on board.  

 

Small turning radius  

The vehicle was capable of making turns with a 10 ft turning radius.  
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RECOMMENDATIONS 
 

Overall the frame performed exceptionally well at competition. The only times when the 

vehicle was stuck was due to driver error. However there are two main improvements that 

could be made that would make the overall manufacture of the frame easier. The first of 

which is the front end was designed so that a single member supporting a collar was where 

the front strut was mounted. I feel that instead if the front was made in a boxed shape and 

plates were mounted to that, a wider variety of front ends could be used with this frame. 

Second, after finding out how low the transmission needed to be mounted in order to have 

the driveshaft and differential at a safe angle. The frame should be revised so that the 

transmission can sit lower to the ground so that it can be mounted correctly without the need 

to modify the frame.  

 

 

CONCLUSION 
 

The purpose of the BUV is to design a durable vehicle while minimizing the costs. These 

vehicles are intended to be made so that they can be mass produced and maintained in third 

world countries. Thus the vehicle needs to be easy to assemble, and easy to maintain as 

individuals with minimal technical knowledge are likely going to be working on them. The 

designed frame has fulfilled all required specifications that were given on the competition 

specification sheet provided by IAT.  
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APPENDIX A - SCHEDULE 
Table 3 – Schedule  
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APPENDIX B - BUDGET 
Table 4- Frame Projected and Actual Budget 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frame Budget 

Description Projected cost Actual Cost 

72 ft. of ASTM A500 Grade D Structural Steel 

(1.25” x 1.25 x .12” wall) 

$ 198.72 (2) $308.00 

(Material 

ordered 

together) 
72 ft. of ASTM A500 Grade D Structural Steel (2” x 

2” x .25” wall) 

$739.2  (2) 

1 Reel - Lincoln Electric 0.035 in. 10lb. Spool Flux-

cored NR211 Mild Steel Welding Wire 

$ 63.97 (3) $0 (provided by 

welder) 

4 ft. x 4 ft. x 1/16” aluminum sheet   $71.84 (2) $ 0 (used scrap 

plywood) 

Labor for 7 hours of welding $50/hour $350.00 $550 

Labor for 3 hours of machining $40/hour $120.00 $0 (work 

performed at 

OCAS) 

Curt Manufacturing 40001 1-7/8 in. Dia Chrome 

Trailer Ball 

$6.00 (4) 0$ (taken from 

2013 vehicle) 

Total cost for frame $1549.73 $858.00 

IAT Cost (all costs are reduced to 50% of prototype 

cost to account for mass production cost) 

$774.87 $429.00 
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APPENDIX C – BILL OF MATERIALS 
Table 5 - Bill of Materials - Structural Members 

Structural Members 

Item Quantity Overall 

Length (in) 

Angle End 

1 (degree) 

Angle End 

2 (degree) 

Material 

Thickness 

1 2 36.5 0 0 2” x 2” x .25 wall 

2 2 13.5 7.5 7.5 2” x 2” x .25 wall 

3 4 15.5 7.5 7.5 1.25” x 1.25 x .12” 

wall 

4 2 7.25 0 0 2” x 2” x .25 wall 

5 8 36.5 0 0 1.25” x 1.25 x .12” 

wall 

6 2 63 0 0 2” x 2” x .25 wall 

7 6 51 0 0 1.25” x 1.25 x .12” 

wall 

8 1 64.25 7.5 45 2” x 2” x .25 wall 

9 1 64.25 7.5 45 1.25” x 1.25 x .12” 

wall 

10 2 40.5 45 45 1.25” x 1.25 x .12” 

wall 

11 1 12 0 0 2” x 2” x .25 wall 

12 2 18 0 0 2” x 2” x .25 wall 

13 1 8 20 Circular 

coupler 

joint 

2” x 2” x .25 wall 

14 1 3 0 0 2” x 2” x .25 wall 

15 2 25.5 0 0 1.25” x 1.25 x .12” 

wall 

16 2 8 45 45 2” x 2” x .25 wall 

17 2 55.9 0 0 1.25” x 1.25 x .12” 

wall 
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Table 6 – Bill of Materials – Nonstructural Components 

Non- structural Items 

Quantity Description Material Dimensions 

1 Motor Splash Guard Plywood 18” x 21” x (1/2)” 

wall 

1 Floor Board Plywood 2’ x 40’ x (1/2)” wall 

1 Front Middle Splash 

Guard 

Plywood 1’ x 1.5’ x (1/2)” 

wall   

2 Front side splash 

guard 

Plywood Triangle with 

Dimensions (15” x 

18” x 23”) x (1/2)” 

wall   

1 2000lb Trailer Hitch 

Ball 

Not Listed 1-7/8 ball size 

4 Mounting tabs  Steel coupon stock 2” x 4” x .25”wall 

with 9/16” holes 
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APPENDIX D – COMPETITION SPECIFICATIONS 

 

BUV FARM TANKER & TRANSPORTER 
2014 Design Specifications: 

 

Engine Use up to 11 horsepower unmodified engine.  Use stock fuel tank.  No extra tanks allowed. 

Exhaust Stock muffler, which may be relocated, with additional heat shields as needed. 

Gauges An engine temperature indicator located in view of the driver. 

Fuel Retail pump fuel and oil with no enhancements added. 

Transmission It is builder’s choice, to meet event conditions, but must have reverse and should have two 

forward speeds 

Electrical A 12 volt 35 amp or larger automotive alternator and automotive battery are required. 

Cargo Bed The bed must hold two, but may hold three 55 gallon standard steel drums.  The drums 

must be located on their sides with the small hole at the top.  The drums must be located as 

low as possible in the bed.  The drums must not be stacked in any manner.  The front of 

the cargo bed must have a 16 inch minimum high bulkhead between the driver and the 

cargo.  The other sides of the bed must be a minimum of 8 inches high. 

Roll Bar A minimum height of 36 inches above the surface the driver is seated upon.  It must be 

completely padded above the seat height.  It must have a cross member that covers the 

ends of the vertical structures, and bracing to prevent the vehicle from rolling over. 

Driver Safety A helmet is required for each person aboard the vehicle.  Seat belts are at the option of the 

team and the team advisor. 

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. 

4. Padding of all sharp or dangerous areas. 

5. Automotive horn. 

6. A fire extinguisher. 

7. A high visibility bicycle style safety flag above the vehicle. 

Brake System A redundant brake system that will prevent total brake failure.  The brakes must be located 

on all the wheels and not on the driveline.  A front wheel brake is not required on three 

wheeled vehicles.  The parking brake is not considered the redundancy that is required. 

Parking Brake A parking brake capable of overcoming the engine power.  It may be on the driveline. 

Tires Agricultural tread, or aggressive tire chains are required.  Chains must be carried by the vehicle 

if removed from the tires. 

Towing Each vehicle must have a 25 foot looped-end tow strap.  There must be an attachment point at 
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the front of the vehicle for towing.  The trailer ball will be the rear attachment point for 

towing. 

Trailer Hitch A 1-7/8 inch trailer ball must be mounted 15 inches above the ground when the vehicle is 

unloaded. 

Weatherproof The vehicle should have protection from the weather elements to provide better reliability 

and greater durability. 

Speed Maximum of 20 MPH. 

Load Maximum of 165 gallons of water, weighting roughly 1376 pounds. 

Water Pump Ability to fill 55-gallon drums from within 15 feet of a pond.  All pumping equipment and 

hoses must be carried on the vehicle during the event. 

Cost Target Between $1500 and $2500 to build. See the event rules for details. 

Name Plate The school name and team number displayed in 4-inch font on all sides of the vehicle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2014 BUV Design Competition: Chassis  Nick Isaac 

Appendix F33 

APPENDIX E – SPONSORSHIP PROPOSAL LETTER 
 

The 2014 UC Senior Design BUV Team is a student design group from the University of 

Cincinnati. We are currently designing our competition vehicle for the BUV competition. This 

competition is a student competition with all costs for design and manufacture of the vehicle 

being paid out of pocket by the student teams.  

We are seeking sponsorship from organizations that promote academic programs and 

friendly competition between colleges. We would like your organization to consider 

sponsoring our team for the Spring BUV competition. Enclosed is our proposal detailing the 

BUV competition and benefits of sponsoring our team.   

We urge you to contact us with any and all questions you may have regarding sponsorship 

and/or the BUV competition.  

We would like to thank you for taking the time to read our proposal, 

Sincerely,   

Jimmy Tierney, Anthony Price, Chris Burket, Kabimbi Kalubi, and Nick Isaac 
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2013-14 
Sponsorship Proposal 

 
Figure 15- (2012-13 Senior Design BUV Team vehicle post-competition) 
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BUV Background 
One of the College of Engineering and Applied Science graduation 

requirements is to take part in a senior design project which includes designing, 
building, and testing a product. In order to fulfill this requirement we have formed the 
University of Cincinnati Basic Utility Vehicle Senior Design Team. 

  
A Basic Utility Vehicle, BUV, is built with the intentions of being a simple and 

inexpensive vehicle for impoverished and/or developing countries that have little to 
no means of transportation. BUV vehicles are built to specifications provided by the 
Institute of Affordable Transportation, IAT. The BUV is similar to a dune buggy.  It 
utilizes a 10hp gasoline or diesel engine and has a top speed of about 20mph. It is 
designed to be used in an off road environment.    

 
IAT hosts a yearly competition in April where teams of students from different 

colleges around the country compete against one another by endurance racing their 
BUV vehicles around an off road track. IAT uses this competition as a testing ground 
for the vehicles and the winning teams’ designs will be evaluated and implemented 
into IAT kit cars that are sent to 3rd world countries.   

 
For more information about IAT and the BUV competition please visit IAT’s website: 
http://www.drivebuv.org/about-us/ 

 

Sponsorship 
Since BUV is a student competition, all costs for design and transportation of 

the BUV vehicle are paid out of pocket by the team members.  Because of this, it is 
highly encouraged to seek sponsorship. We have an estimated budget of $5,500.00 
which includes both the cost of design and the transportation of the vehicle to and 
from the competition (a detailed cost analysis can be provided upon request).  

 
Sponsorship not only helps the BUV team, it can also be beneficial to the sponsor.   

 
All donations are tax deductable. The University of Cincinnati BUV Team 

holds nonprofit tax status as an educational entity affiliated with The University of 
Cincinnati. Monetary and product support will be acknowledged as contributions to 
The University of Cincinnati and are tax deductible under current applicable 
regulations. 

 
Sponsorship can provide an advertisement opportunity. BUV vehicles will 

display sponsorship decals on various location of the vehicle. Completed BUV 
vehicles will be displayed at various points on the University of Cincinnati’s campus. 
Sponsorship decals will not only broaden customer reach, but will also show the 
sponsors’ dedication to furthering academic programs.  After the competition BUV 
can be showcased at sponsor’s premises for few days if so requested. 

 

http://www.drivebuv.org/about-us/
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Donations 

All checks are made payable to The University of Cincinnati/BUV team and sent to 
the address below. If you have any questions, please don’t hesitate to ask! 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Address: 
BUV Team 
University of Cincinnati 
2220 Victory Parkway 
Cincinnati, OH  45206 
Attn: Janak Dave 
 

Advisor Contact Info: 
 
Janak Dave 
Advisor 
Phone: 513-556-5311 
Fax: 513-556-4015 

Team Members Contact Info 

 

Tony Price 

Team Manager / Drive Train 

Cell:  (513)213-1867 

Email: priceat@mail.uc.edu 

 

Jimmy Tierney 

Treasurer/ Drive Train 

Email:  jimmy.tierney11@gmail.com 

 

Chris Burkett 

Chassis/Frame 

Email:  

 

Nick Isaac 

Chassis/Frame 

Email:  nick.g.isaac@gmail.com 

 

Kabimbi Kalubi 

Suspension/Steering 

Email: Kabimbik@gmail.com 
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Frame & Chassis 

Nicholas Isaac 



Research 

•The BUV needs to have a greater 

ground clearance due to course 

conditions. 

 

• The BUV suffered from a poor turning 

radius in the technical maneuvering 

section. 

 

•The BUV suffered from being 

overweight. Three barrels is too many; 

most teems couldn’t complete the course 

with all three barrels full. 



Research 
A four wheeled BUV was considered as a potential design for this competition. 

The benefits of a four wheeled design are: 

- Increased stability.  

- Ease of maneuverability. 

 

Four wheeled design drawbacks include: 

- Increased design cost due to the need of a steering rack and added complexity of the 

front suspension. 

- Increased weight due to added components. 



Competition Requirements 

Cargo Bed - The bed must hold two, but may hold three 55 gallon standard steel drums.   
 

Roll Bar - A minimum height of 36 inches above the surface the driver is seated upon.  
 

Towing - Each vehicle must have a 25 foot looped-end tow strap.  There must be an 

attachment point at the front of the vehicle for towing.  The trailer ball will be the rear 

attachment point for towing. 
 

Trailer Hitch - A 1-7/8 inch trailer ball must be mounted 15 inches above the ground 

when the vehicle is unloaded. 
 

Weatherproof - The vehicle should have protection from the weather elements to 

provide better reliability and greater durability. 



Customer Requirements 

1) Has sufficient capacity (15%) 

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

2) Handle rough terrain  (15%) 

a) Frame will be designed to withstand operation over rough terrain with a payload of 2000 lbs.   

3) Safety (15%) 

a) The frame will be equipped will a roll-bar.  

4) Easy to Maneuver (12%) 

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

5) Easy to Manufacture (12%) 

a) The frame will avoid unnecessary or complex angles. 

6) Long life expectancy (12%) 

a) Frame will be designed to withstand high impact forces. 

7) Affordable (8%) 

a) Frame will cost less than $1500 to manufacture 

8) Weather resistant (4%) 

a) Frame will have an anti-corrosion coating. 

9) Has the ability to tow (4%) 

a)  Frame will be equipped with towing hitch.  

 



Design Concepts 

X-Type Perimeter Frame 

Positives: 

• Light weight 

• Least amount of material used out of 

all concepts 

• Easy to re-use suspension 

components off of old BUV vehicle 

or most small trucks. 

Negatives: 

• Less ridged 

• Stronger material must be used to 

compensate for lower design strength 

 



Design Concepts 

Ladder Perimeter Frame 

Positives: 

• Light weight 

• Easy to re-use suspension 

components off of old BUV vehicle 

or most small trucks. 

• Easiest to manufacture 

Negatives: 

• Less ridged than other concepts 

• Stronger material must be used to 

compensate for lower design strength 

 



Design Concepts 

Box Frame 

Positives: 

• The robust design will allow for 

cheaper material to be used 

Negatives: 

• Increased amount of 

fabrication 

• High number of welded joints 

 



Design Selection 



Design Revisions 

In developing a final design 

for my ladder perimeter 

frame I have made some 

alterations to my original 

design. These include: 

- Revised front end 

- Integrated Bed 

- Integrated Roll-bar 

 



Proving Frame Design with FEA 

Maximum 

stress: 22.3 ksi 



Impact Force Analysis 



Bed Loading Analysis 



Bed Loading Analysis 



Drive Train Loading Analysis 



Frame Assembly 

Main frame rails and 

roll bar use A501B 

2”x2”x.25”wall tubed 

steel.  

Collar uses 2” ID x 

3/16” wall piping 

Bed and drivetrain support 

beams along with collar 

support beams are made of 

1.25”x1.25”x.12wall tubing 



Fabrication 

All cuts were performed by our team. At 

either Cast Fab or OCAS North Lab.  

 

Straight length Cuts were performed at 

Cast Fab.  

 

Angled members were cut at OCAS 

with a compound miter saw. 

 

Material was taken to Rob Cropper 

who performed the welding.  



Fabrication 

We found that the transmission 

mounting point needed to be 

lowered.  

 

Two members were welded to 

the frame above the 

transmission.  

 

These members support the 

engine and water pump.  



Fabrication 

Rear suspension mounts were 

taken from the rear clip of a 1995 

s10. 

 

Leaf spring mounts were bolted to 

the frame.  

 

Strut mounts were welded to the 

frame. 

 

 



Fabrication 
Mounting tabs were welded to 

the frame for the headlights 

and taillights.  

 

 A 1 7/8 trailer ball hitch was 

welded to the rear. 

 

Tabs were welded to the  bed 

to help secure the barrels. 



Fabrication  
The floor board was made of ¾” plywood. 

 

A wooden box was made to mount the drivers 

seat. 

 

A riding lawnmower seat was used as the 

drivers seat. 

 

A wooden splash guard was made to protect 

the drive belt. 

 

 A ¼ x 6” square steel plate was welded to 

the collar so that a bearing could be 

mounted for the front suspension.   



Testing 

Drove up and down Ashland Ave with 

both barrels filled with water. 

 

Entered Victory Parkway Campus via 

Cypress St. Entrance to verify vehicle 

could handle extreme camber changes. 

 

Topped out BUV in OCAS parking lot to 

determine frame could handle stresses 

of high speed travel.  

 

 



Testing 

Cargo Bed  

 Cargo bed holds 2 55 gallon standard steel drums 
 

Roll Bar  

 Frame is equipped with anti roll bar 
 

Towing  

 Frame is equipped with tow hooks on the front end, and has onboard loop ended tow 

strap.  
 

Trailer Hitch  

  a 1 7/8 in. trailer ball hitch is mounted on the rear of the frame 
 

Weatherproof  

 Frame has been painted and is equipped with a floor board and splash guards.  

 

 



Fabrication Schedule 



Budget 
Frame Budget 

Description Projected cost Actual Cost 

72 ft. of ASTM A500 Grade D Structural Steel 

(1.25” x 1.25 x .12” wall) 

$ 198.72 $308.00 

(Material 

ordered 

together) 

72 ft. of ASTM A500 Grade D Structural Steel (2” x 

2” x .25” wall) 

$739.2  

1 Reel - Lincoln Electric 0.035 in. 10lb. Spool Flux-

cored NR211 Mild Steel Welding Wire 

$ 63.97  $0 (provided by 

welder) 

4 ft. x 4 ft. x 1/16” aluminum sheet   $71.84 $ 0 (used scrap 

plywood) 

Labor for 7 hours of welding $50/hour $350.00 $550 

Labor for 3 hours of machining $40/hour $120.00 $0 (work 

performed at 

OCAS) 

Curt Manufacturing 40001 1-7/8 in. Dia Chrome 

Trailer Ball 

$6.00 0$ (taken from 

2013 vehicle) 

Misc. Hardware $100.00 $50.00 

Paint $50 $35 

Total cost for frame $1699.73 $943.00 

IAT Cost (all costs are reduced to account for mass 

production cost) 

849.87 471.5 


