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ABSTRACT 
 

 BUV stands for Basic Utility Vehicle. The purpose of this project is to create a low-cost 

reliable vehicle to transport water and people in third world countries. Every year UC has a 

MET BUV team that is challenged to design a vehicle. This year the team consisted of five 

individuals, each with there own part of the vehicle to design. This report will cover the 

frame/chassis part designed by Sam Campbell. IT will be broken into sections containing, 

background research, initial design, actual design, and fabrication. Towards the end of the 

semester due to the COVID-19 virus the fabrication was left unfinished. The testing was also 

incomplete, please see “Plan to finish” section. 
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PROBLEM DEFINITION AND RESEARCH 
 

PROBLEM STATEMENT 
 

The Institute for Affordable Transportation (IAT) is a not-for-profit public charity 

devoted to improving the lives of the world's poor by providing simple, low-cost vehicles in 

order to facilitate community transformation. They have created a list of technical 

specifications for a BUV (Basic Utility Vehicle) to be built for third world countries. This list 

focuses on affordability, reliability, and simplicity. The vehicle must have a payload capacity 

of three standard 55-gallon steel drums filled with water, plus the driver. Off-road, truck style 

vehicles are needed in many third world countries to transport water and other necessary 

resources. Most often these vehicles are made from common materials that can be found 

easily, such as angle iron, and sheet metal. They also have three wheels to reduce weight and 

cost, while increasing the handling capability. Every year, there is an endurance competition 

held where schools from all over the country compete to see which BUV can do the most 

laps around the set course. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BACKGROUND 
 

Many production vehicles such as the one shown in Figure 2, are too expensive as 

well as not being easily assembled. This John Deere Gator cost around $10,000. There are 

many more productions BUVs that can cost up to $25,000. For our application, affordability 

is large factor. The goal for this project is to build the vehicle for only a few thousand dollars, 

and easily built, in order to make this vehicle accessibly to as many people as possible. 

 

 

 

 

 

 

 

 

Figure 11: Example BUV 
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Team: 

Sam Campbell: Frame/Chassis and Bed design; Team Leader 

Connor Brady: Drivetrain, Engine, Transmission 

Daniel Neuhaus: Controls, Brakes, Electronics, Acceleration components 

Gustavo Lamas Cid: Steering and Suspension  

Yuanjing Xu: Pumping and Irrigation 

 

RESEARCH  
 

SCOPE OF THE PROBLEM  
 

 While the BUV competition is the end goal for our designed vehicle, the real goal would 

be to have developed a vehicle capable of aiding developing countries. The competition 

serves as a test for the vehicle, with the winner being the most optimal for said country. 

Transportation is very important in these countries, seeing as water is not easily accessed all 

the time. 

 

CURRENT STATE OF THE ART 
 

 The current market for BUV’s is filled with things like the John Deere Gator pictured 

above. These vehicles are jammed packed with features like normal cars. The problem with 

these vehicles is the price. Even the lower end BUV’s can cost thousands of dollars. That is 

the difference between the BUV we are designing. The MET BUV is affordable (<$1200) 

and has a more simplistic design compared to a commercial vehicle. 

 

END USER 
 

 The end user for this vehicle will be third-world countries and anyone who requires a 

BUV that is inexpensive, but still reliable. The IAT has provided BUVs to many different 

parts of Africa, which aid in transporting water, medical care, and people though the rough 

terrain. They can also be used for farming applications, like harvesting crops and spreading 

fertilizer. 

Figure 12: Production BUV; John Deere Gator 
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CONCLUSIONS AND SUMMARY OF RESEARCH 
 

Based on previous years of BUV, we have decided to have a welded frame in the 

front, that will be connected to a Chevy S10 truck frame. These are very common trucks and 

the frames can be reused to make up the rear potion of our BUV. Previous years have tried a 

sheet metal front, but it turned out to be too heavy, as well as not ridged enough to withstand 

the course. 

 

CUSTOMER FEATURES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13: Sample survey 
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Weighted Importance 
 

Table 1: 

Price 13.5 

Ease of Assembly 10.6 

Ease of Maintenance 13.2 

Reliability 14.8 

Safety 13.5 

Cargo Capacity 11.3 

Maneuverability 10.6 

Off-Road Capability 12.3 
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PRODUCT OBJECTIVES 
 

 Based on the customer features and their weighted importance, this table 2 was 

generated to help set some goals that would fulfill the customer features. 

 

Table 2 

Common Material Maximize 

Part Count Minimize 

Overall Weight Minimize 

Overall Size Minimize 

Ground Clearance Maximize 

Payload Maximize 

Fuel Economy Maximize 

Part Consistency Metric 

Structural Integrity Maximize 

 

QUALITY FUNCTION DEPLOYMENT 
 

 See Appendix A for Full-sized HoQ  

Figure 14: House of Quality 
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DESIGN 
 

Concepts 

 
As stated above, many productions vehicles that exist are expensive, and have 

complex designs. They often have four wheels, seating for 2-4 people and a small cargo 

space in the back. Top speed is usually between 20-60mph depending on the model. They 

also have front and rear suspension, as well as 4WD.  

 

In previous years, student designed BUVs where made of a variety of materials, such 

as sheet metal, angle iron, and Electrical conduit EMT/INC. The 2010 design used 14-gauge 

sheet metal welded together, and then fixed to a S10 Chassis. This design required a great 

deal of welding and fabrication, which takes more time. However, this does increase the 

rigidity, and act a a skid plate to protect the vital components which prove to be vauable in 

the endurance competition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The design from 2011 was like 2010, but instead of using a welded sheet metal 

design, they used a bolted one. This allowed the components to be put on and removed 

easily, while still maintaining some rigidity. This design also allows the front wheel to be 

under the frame more, increasing handling capabilities. This design was much simpler than 

2010, but that lead to failure during the competition. The weight of the vehicle caused the 

transmission pan to deform, disabling the vehicle. 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: 2010 BUV Frame 

Figure 16: 2011 BUV Frame 
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In 2013, the frame was constructed from steel angle iron in a “V” shape. The triangle 

shape allows for reduced material and weight but does not sacrifice strength. This design did 

require significant welding since the frame is all one piece. This design proved very effective 

as UC placed 3rd in the competition that year. The drivetrain was completely protected, and 

even after the competition, had no mud on it. One improvement that could be made would 

use a truss design to allow for the cuts to be 90o. This would make the material for the 

vehicle easier to manufacture. 

 

 

 

 

 

 

 

 

 

 

 

In 2017, the IAT suggestion to use a truss design was used and a Warren Truss design 

was made. This frame is like 2013, but has more material holding it together. This leads to 

increased rigidity, but also adds weight. This frame design is by far the strongest one found. 

The equilateral triangles that connect the top and bottom allow a uniform design without 

large stress points. This BUV failed in the competition due to low ground clearance, which 

was caused by the excessive weight of the vehicle. 

 

 

 

 

 

 

 

 

 

In 2018, the BUV team went with a square designed frame, allowing for easier 

assembly and materials that had flat ends. It requires significantly less material than the 

previous year and was easier to weld together. Despite being less material, this frames load 

capacity was calculated to be structurally sound and could carry the required load. This BUV 

also failed to compete because it was rushed and through testing could not be done. 

 

 

 

 

 

 

 

 

Figure 17: 2013 BUV Frame 

Figure 18: 2017 BUV Frame 

Figure 19: 2018 Frame 
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Concept 2 is the best design because of its durability. Sheet metal is simply not strong 

enough to use over angle iron, and although no welding would be a huge plus, using bolts 

cannot replace the strength of welding. For Spring 2020 BUV we will use a truss design 

similar to 2013 but minimize number of angled welds to ease manufacturing. 

 

 

Loading Conditions 

 
We have been given the 2018 frame to use as a starting point. Shown below is there stress 

analysis and frame calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Criteria Weight % 
Concept 1 
(2011) Weight % 

Concept 2 
(2013) Weight % 

Concept 3 
(2010) Weight % 

Ease of Assembly 20 4 0.8 3 0.6 2 0.4 

Durability 40 1 0.4 5 2 4 1.6 

Ease of Maintenance  20 4 0.8 2 0.4 3 0.6 

Cost 10 2 0.2 2 0.2 2 0.2 

Frame Weight 10 3 0.3 1 0.1 2 0.2 

 100  2.5  3.3  3 

Figure 20: 2018 Frame Calculations 
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Based on this information, we have determined that the modifications that we planned to 

complete would not jeopardize the structural load bearing capability of the existing frame. 

 

 

Material Selection 
 

The frame is made of A36 Steel angels. The two sizes that we will use are 1/8” thick and 

3/16” thick. Both sizes have yield strength of 36000 psi and have been shown to work in SW. 

Attached is a screen shot from Mcmaster-Carr for both the sizes. Since we are reusing the 

2018 frame, the new material needed will be the same kind of steel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: A36 Steel Pricing 
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PROJECT MANAGEMENT 
 

BUDGET, PROPOSED/ACTUAL 
 

Initial budget: $1,500 (per competition guidelines) 

 

Table 3 

Part Cost

Frame 400

Braking 150

Suspension 175

Power Train 200

Irrigation 200

Steering 200

Controls 100

Miscellaneous 400

Total 1825  
 

 Actual spending for the frame: $50. Since we were able to reuse the 2018 frame, the 

only material I needed to purchase was around <20ft of new angle iron steel. As far as the 

overall of the vehicle, it is unknown due to the school shutting down before all of the parts 

were purchased. My estimation on overall price if we were to make it from complete scratch 

would be <$1500. 
 

SCHEDULE, PROPOSED /ACTUAL 
 

Table 4: Initial Schedule 

Milestone Estimated Date

Design Agreement 10/4/2019

1st Submodel Iteration 10/18/2019

Development Sharing 10/25/2019

2nd Model Iteration 11/1/2019

BOM 11/8/2019

System Integration/ Complete CAD Model11/15/2019

Fabrication 1/17/2020

Testing 1 3/2/2020

Modifications 1 3/4/2020  
 

Table 5: Actual Schedule 

Milestone Actual Date 

Frame is brought to Shop 1/20/2020 

Fabrication Begins 1/20/2020 

Extra Material Purchased 1/27/2020 

Fabrication Continues 2/3/2020 
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Frame Fabrication is Complete 3/16/2020 

 FABRICATION AND PLAN TO FINISH 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This was the first time I saw the 2018 frame in person. I went to David Conrad’s farm to 

inspect it and then he brought it to the shop for my team. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: 2018 Frame Initial Starting Point 

Figure 23: Frame is in Shop 
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As seen above, the frame motor housing was cut off, and the drivetrain was removed in order 

to continue with the frame modifications. The motor and transmission mounts were bolted to 

the inside of the existing S10 frame, and a frame support was welded on the top. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Frame is gutted 

Figure 25: Transmission and Seat Supports 
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Seen in figure 15 above, the engine and transmission will now be housed under the seat. The 

vertical support posts were welded on to the S10 to support the front of the seat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The seat supports were held on with hood pins. This allowed the entire seat to be removed 

very quickly in order to access the engine. 

 

 

 

 

 

 

 

 

 

Figure 26: Seat Mounting 
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This was the final picture taken before the school shut down. The frame and drive train were 

complete. The irrigation system was around 80% complete and the steering/controls were 

incomplete due to COVID-19. 

 

SUSTAINABILITY AND MATERIAL USAGE 
 

I did end up with extra material that was unused, so the only thing I would do differently is 

measure more carefully. I believe our design could have been successful in complete a 

obstacle course and I am most proud of the seat design. To future teams: Finding a S10 truck 

frame is by far the most important part of this project. I would highly recommend meeting 

with David Conrad ASAP as his knowledge and resources are extremely valuable to this 

project. 

 

  

Figure 27: Final Picture 
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APPENDIX A – HOUSE OF QUALITY 
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APPENDIX B – COMPETITION SPECIFICATIONS 
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APPENDIX C - CUSTOMER SURVEY 

 

 


