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ABSTRACT 
 
 The 2008 BUV team consisted of Marcus Knapp, Andrew Malatesta, Andrew Morison 
and Josiah Brinkerhoff.  The BUV was broken into four sub-systems, the chassis, the 
suspension, the drive train and the cargo bed/electrical system.  Marcus Knapp designed the 
front and rear clip, Andrew Malatesta designed the drive train, Andrew Morison designed the 
suspension, and Josiah Brinkerhoff designed the modular cargo bed and electrical system.  
 
 This report details the modular cargo bed and electrical system. 
 
 The 2008 BUV Competition was a collegiate design competition, which challenged 
students to design and build a low cost basic utility vehicle from a basic car frame.  The 2008 
BUV’s challenge called for a three-wheel vehicle that has a detachable cargo bed.  The cargo 
bed had to be modular in design, since the challenge called for a convertible cargo bed to 
school bus.  The electrical system provided wiring to auxiliary lights and equipment.  The 
BUV will be utilized in Africa. 
 
 Twenty-two surveys, completed by Peace Corp volunteers in Africa, resulted in the need 
for an emergency roadside repair kit, a spare tire, an auxiliary fuel can, driver/passenger seat 
belts and ease of maintenance.  Concurrently with the survey results, a QFD established four 
engineering characteristics to develop the design: fabrication time rated at 14%, number of 
parts at 13.6%, cost to manufacture at 12.5% and time to convert cargo bed at 10.3% 
importance.  This information guided the product objectives and was incorporated with the 
concept development and selection. 
 
  From the engineering characteristics, nine aspects for the modular cargo bed design and 
electrical system were determined: 

 
1. 5 minutes conversion for 2 people to convert from bus mode to cargo mode 
2.  room for nine children 
3. 1 headlight, 2 tail/brake lights, two side reflectors 
4. sun rain protection 
5. 5”-7” drop for legs 
6. safe egress/ingress 
7. grab handles 
8. padding 
9. seat belts 

 
These aspects also incorporate guidelines set forth by design for assembly (DFA) and design 
for manufacture (DFM).  The above list of criteria is the basis for the product objectives.  
Each criterion contains a target value to reach, which will be the test as to whether this design 
passes or fails.  
 
 Two out of three concepts were chosen for the modular cargo bed, which combined the 
two top ranking concepts.  This design created a bench cargo seat.  Two out of the three 
proposed materials, wood and steel, were chosen to build the modular cargo bed.  This design 



 

iii 

has the lowest safety of factor of 3.9 in shear for the seat bolts, for all components in the 
cargo bed sub-assembly.   
 
 The electrical system was powered by solar panels.  It seemed most suitable for this 
design application to use an alternative energy resource due to the lack of fuel stations 
paralleled with the lack of moderate income.  This system contained a 45W solar panel and a 
12V regulated charge controller.  The solar panel’s most expensive cost was the initial cost of 
the components.  Since this was supplied by the BUV team, the regions receiving this vehicle 
would benefit out-right.  This electrical system with a 12V marine battery is capable of 
running a water pump, winch, water purifier, laptop, and charging cell phones for a sufficient 
amount of time, respectively. 
 
 
 The total proposed cost of the BUV was $4,540, where the total cost of the modular 
cargo bed and electrical sub system were $915.  The final cost of the BUV was $3566, where 
the total cost of the modular cargo bed and electrical sub systems were $550.  The proposed 
cost accounted for many components that were donated for free or at a strongly reduced cost, 
which caused a difference in the proposed and final cost.  For the cargo bed and electrical 
system, the majority of the lumber, the battery, and other components were donated for free, 
reducing the actual cost of these two sub-systems from the proposed budget.   
 
 A team schedule was established to organize a timeline of important tasks and a deadline 
to complete these tasks.  The sub-system schedule was established to implement more detail: 

  
1. preliminary design completion (Jan. 7, 2008) 
2.  design freeze (Jan. 7, 2008) 
3.  component fabrication (Mar. 16, 2008) 
4. BUV assembly (Mar. 30, 2008) 
5. BUV Competition (Apr. 18, 2008) 

 
The overall schedule met the critical deadlines on time.  The design freeze took a quite bit 
longer for the BUV system, but the final testing occurred two days prior to competition.   
 
 The 2008 BUV competition was held in Indianapolis, Indiana on April 18-20.  The UC 
BUV team placed 5th out of 6 vehicles overall, but performed excellent in three of the five 
events actually competed.  The team placed 2nd in the written report, the BOM/cost, and the 
design objectives, placed 3rd in the oral presentation, and placed 4th in the endurance run, 
which was the final event competed.  After the first driving event, the endurance run, the 
BUV had a front suspension malfunction which eliminated it from the other events for 
concern of safety for the driver. 
 
 The BUV team plans to reevaluate the malfunction, rebuild and ship the vehicle over to 
Mauritania, Africa for a small city, Atar, located several hours outside the country’s capital.  
Small improvements on the cargo bed would include more grab handles, better rotation of the 
seats for conversion, and a sturdier canopy.  The electrical system needs quick 
connects/disconnects for plugging in auxiliary components more efficiently and without hand 
tools.  
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INTRODUCTION 
 
  
 The 2008 BUV competition was a design challenge.  The competition is the Basic Utility 
Vehicle (BUV).  A team of seniors, Marcus Knapp, Andrew Malatesta, Andrew Morison, 
and Josiah Brinkerhoff were required to build an affordable vehicle that meets specific 
requirements of function and form.  The Institute for Affordable Transportation (IAT) has 
sponsored the BUV competition for the past seven years and creates the requirements and 
specifications for this year’s competition. 
 
 The BUV competition focuses its design around a specific theme and region, different 
for each year.  The 2008 BUV competition focused on rural regions in Africa that need 
school transportation for the orphanages in the area.  Utilizing a basic rolling chassis attached 
to a one-wheeled front end, the design incorporates a detachable bed equipped with seats and 
safety equipment to transport children.  Not only is this bed detachable, but it is convertible 
to function as a cargo bed, to carry needed supplies and other equipment.   
 
 In addition to the competition requirements set forth by IAT, this project has an ulterior 
design motive to assist Peace Corp Volunteers in the Northwest African Region, specifically 
the country of Mauritania.  
 
 
IAT CHALLENGE 
  
 The IAT has established design criteria for the BUV competition.  The criteria are 
created by a panel of IAT members to provide competitors a similar problem to solve.  
Below is the challenge and system description of the 2008 competition.  The IAT 
specifications can be viewed in Appendix A: IAT’s 2008 Design Specs, but a brief listing is 
given here 
 
Challenge:   
 
 Design a front unit that attaches to a rear clip.  Design a school bus attachment which 
connects to the rolling chassis.  In addition to low cost, design emphasis is on the steering 
and front suspension.  Design for small scale assembly operations in Africa.  Volume is one 
vehicle per day.  Minimize factory investment. 
 
System Description

Drivable Chassis – a front unit attached to a rear clip. Ready to drive.  Various bodies 

: 
 

Front Unit – includes front wheel, steering mechanism, front frame, driver’s seat & 
controls, engine, transmission, PTO 

 

Rear Clip – the rear end (i.e. the axle, suspension, wheels, frame, brakes, etc) of a Chevy 
S-10, GMC S-15, Nissan, or Toyota pickup cut near the cab/bed interface. Excludes the 
sheet metal pickup bed. 
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can be attached to the drivable chassis. 
 

School Bus Body / Cargo Bed – a body that attaches to the drivable chassis that is multi-
purpose, and can carry both cargo as well as children is a safe manner. 

 
This design problem was the focus of this senior design project.  The focus of this report is 
on the last section of the system description, the school bus body/cargo bed, along with the 
electrical system. [Reference Appendix A for more details of IAT Specifications.] 
 
 
PROBLEM STATEMENT 
 
 OCAS’s BUV design focuses on third world countries needing cheap and reliable 
transportation.  This vehicle must be able to carry at least a 1200 pound payload and 
transport nine children.  In addition, the vehicle must be easily maintained and cheap to 
repair with parts readily available in the region.  The competition took place on April 18th 
and 19th 2008 in Indianapolis, Indiana.  The vehicle was funded by several sponsors who 
responded to sponsor letters, and the rest of the vehicle cost was provided by the BUV team.  
The 2008 BUV team manager was Josiah Brinkerhoff with Dr. Janak Dave as advisor.  Each 
senior was given the task of completing a specific sub-system of the vehicle.  The following 
is a breakdown of the sub-systems with each correlated designer: 
 

• Modular Cargo Bed and Electrical System – Josiah Brinkerhoff 
• Front and Rear Clip (Chassis) – Marcus Knapp 
• Drive train – Andrew Malatesta 
• Suspension – Andrew Morison 

 
 The proof of design criteria for the modular cargo bed is as follows: 
 

1. 5 minutes for conversion of cargo bed to passenger bed 
2. Seating for nine children 
3. Fabrication time 
4. Safe ingress/egress 
5. Grab Handles 
6. No sharps burrs or corners, and padding where needed 
7. Seat Belts 
8. Roll Bar 
9. Cost to manufacture 

 
 The proof of design for the electrical system is as follows: 
 

1. Fabrication time 
2. Number of auxiliary components 
3. 1 Head/2 Tail/2 Brake lights and side reflectors 
4. Cost to manufacture 
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RESEARCH 
 
 Information regarding modular bed designs, solar energy, and utility vehicle accessories 
is necessary to meet the proof of design for both sub-systems.  Following is the relevant 
research gathered to gain insight for conceptual ideas. 
 
 
PREVIOUS BUV’S 
 
 Previous BUV contestant’s vehicles provided a datum to develop this 2008 BUV.  These 
vehicles show the engineering features that were important to the design of this vehicle.  
Since these BUVs were powered solely by combustion engines, information regarding the 
bed design is relevant. 
 
 The 2007 BUV competition winners, Northern Illinois University (NIU), built a robust, 
simple vehicle that met required criteria and performance capabilities of that competition, see 
Figure 1.  The bed design was built from a quasi-flexible wooden frame, with hinged 
sidewalls. (1)  The cargo bed design reveals modularity and flexibility while trying to 
transport cargo larger than the floor surface area.  The space claim of the cargo bed is two-
thirds the total vehicle length, which provides substantial cargo space.   
 

  
 
Figure 1. NIU’s 2007 BUV vehicle. (1) 

 
 The 2007 Calvin College’s BUV, 2007 BUV competition runners-up, built a comparable 
vehicle to BIU, see Figure 2.  Although the cargo bed did not have the quick cycle time 
conversion, it utilized the partition of the cargo bed and drivers area. (2)  There is not a 
modular design of this cargo bed, but it has a hinged tailgate to provide access to the cargo 
bed area. 

 

Wood Cargo Bed 
Frame  

3 hinges to fold 
down cargo walls 

Bed Length 
is 2/3 Total Length 
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Figure 2. Calvin College’s 2007 BUV vehicle. (2) 
 
 Both of these vehicles utilized a wooden side frame and tailgate.  These designs utilize a 
robust, sturdy structure, but a concern of the weight is taken into consideration.  A metal 
under frame supports the wooden sidewalls.  BIU’s vehicle featured hinged sidewalls that 
lower below the top plane of the cargo bed floor.  The idea for cargo bed space utilization is 
also noted for design concept preparation.  
 
 
PRODUCTS ON THE MARKET 
 
 These vehicles are categorized by three separate categories: cargo bed material, cargo 
features, and electrical systems.    
 
 
Cargo Bed Material 
 
 
 The cargo bed material provides sufficient rigidity, structural support, and function for 
utility vehicles.  It is important to choose the right materials to support the weight, abuse and 
available needs of the customer.  Some cargo beds are built from a complete wooden frame, 
with cross beams of 2”x4”‘s supporting a plywood bed.  The sidewalls are also built from 
wood planks framed by similar planks.  Another design material is using a composite of 
material.  The skeleton frame is from steel beams welded together.  While the sidewalls, 
tailgate, and flooring is made of plywood.  Another possible material construction is metal 
frame with plastic planks.  The plastic planks can be covered with a high traction material to 
reduce movement of cargo.  The choice of material depends upon the application and 
specifications required for the project. 
  
 The Solar Evolution is a project-built, solar-powered utility vehicle, see Figures 3 and 4.  
The floorboard of the cargo bed is made of plywood without any sidewalls or tailgate.  The 
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floorboard sets atop metal angle frame that is welded to the chassis.  This cargo bed design is 
simple and lightweight.  It lacks a modular design, so this design would be unsuitable for 
seating to transport children.  Below are two pictures of this vehicle that reveal its simple, 
robust design. 
 

 
 

Figure 3. Solar Evolution Cargo Bed Back View. (3) 
 

 
 

Figure 4. Solar Evolution Cargo Bed Iso View. (3) 
 
 The Carmen Group created a cargo bed supported on a metal tube frame, see Figure 5. 
The metal tube frame supports plastic cross members.  Attached to the top of the plastic cross 
members is an abrasive material that has a rough surface to hold cargo.  A rubber cushion is 
attached to the tubular frame for back support.  This bed design seems rugged, but lacks 
physical space to hold a sufficient payload. 
 

 
 
Figure 5. Convertible cargo flip seats by the Carmen Group. (4) 
 
 The Carmen group also designed an all metal framed cargo bed, see Figure 6.  Stamp 

http://www.solarevolution.com/eMule/b/DSC04949.JPG�
http://www.thecarmangroup.com/electric_vehicle_flip_seats_cargo_hauler.htm�
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sheet metal sidewalls create supply storage on the side and the front of bed.  A metal tailgate 
is designed with four parts.  The amount of metal used is questionable to remain under a 
considerable weight.  The cost of the material used is high, since stainless steel is more 
expensive than regular carbon steel.  This bed design seems robust and durable. 
 

 
 

Figure 6. Utility Cargo bed with sheet metal supply boxes. (5) 
 
 The Carmen group designed a cargo bed with sheet metal floor bed and lower sides, see 
Figure 7.  Four bent support tubes are connected by two metals strips on either side for a 
canopy skeleton.  There is not a tailgate attached to this bed.  Again the bed seems durable 
and robust, but the weight of the material is still questionable.  Under the design 
considerations, special attention must be paid to the sturdiness of the frame and the weight of 
material. (3) 
 

 
 

Figure 7. The Carmen Groups Steel Bed Design with Canopy Skeleton. (5) 
 
 Each of the referenced bed designs utilizes specific material selection to provide 
required support for the applications.  The bed designs made from all metal provide a strong 
support structure and rigidity, but they compromise weight.  The wood frame designs provide 
a less rigid structure, but they have less weight.  The composite mixture of metal and wood 
prove to be most suitable for mixing strength and reducing weight. 
 
 
Cargo Bed Features 
  
 Customer features of cargo beds include hinged sidewalls, a lowering tailgate, 
convertible cargo bed to passenger seating, a retracting step ladder and a canopy feature.  
Cargo beds can be constructed as a multifunctional component, taking advantage of space 

http://www.thecarmangroup.com/electric_vehicle_beds_longbed_stakes.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_eride_longbed.htm�
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and being modular to carry supplies, patients, and passengers. 
 
 In addition to the previously mentioned BUVs, the Carmen Group designed a 
convertible cargo bed flip seat.  In one position, the bed acts as cargo carrying feature.  In the 
other position the bed flips into a two passenger seat.  This conversion occurs by a hinged 
bed design.  There is ample room below the cargo floor to store a plastic covered foam pad.  
It takes less than a minute to convert to either a cargo bed or passenger seating.  This is a 
simply designed mechanical feature; refer to Figures 6 - in the cargo position and Figure 8 – 
in the passenger position. 
 

 

 
 

Figure 8. The Carmen Group's convertible passenger bed. 
. 
 

 To fulfill the competition requirements, a multi-functional cargo/passenger bed is 
required.  These features should exceed customer requirements, by being a simplistic design 
that is easy to operate. 
 
 
Electrical Systems 
 
 The electrical systems on utility vehicles provide power to auxiliary equipment, the 
initial electrical charge to start the engine, and sometimes the electrical energy to drive the 
vehicle.  The size of this system depends on the types and power consumption of the 
equipment and motors.  The electrical systems will power lighting, starters, auxiliary 
hydraulic pumps, and medical equipment.  The basic electrical system contains an energy 
source, a battery bank, and a charger to control the amount of charge that enters the battery.  
Systems to charge the battery can come from the combustion of fuel, wind power, hydro-
electric power and solar energy.  Since wind power and hydro-electric power work on larger 
scale applications, combustion and solar power can be used. 
 
 Any typical automobile uses the rotation of a shaft, powered by fuel combustion, to 
charge a battery.  An alternator is attached to the main drive shaft by a belt, which is then 
turned over to produce a charge to resupply the battery with electric charge.  This typical 
battery charger has been used for decades in every day automobiles, motorcycles and utility 
vehicles. 
 
 Recently, in the past few decades, research into alternative energy sources has allotted to 
practical applications.  Studies have shown that the energy radiated from the sun provides the 

http://www.thecarmangroup.com/electric_vehicle_flip_seats_people_mover.htm�
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earth with 1kW/m2 of energy. (4)  This amount of energy is taken on a plane perpendicular to 
the sun on a clear day.  Furthermore, looking at the average energy of the sun in specific 
regions, Nouakchott, Mauritania receives an average of 6.55 kWh/m2

ELECTRICAL SYSTEMS OF SPECIFIC VEHICLES 

/day of the sun’s 
energy. (5)  Provided this vehicle is built for use in Africa, the energy acquired by the sun is 
more than substantial to run auxiliary equipment. 
 
 

 
 Gorilla vehicles use solely battery power, see Figure 9.  There are several batteries 
connected in series to provide all power to the drive train and all auxiliary equipment.  This 
system can provide 8.5 hp, with an additional weight of the batteries of 180 pounds.  This 
system energizes a traction DC electric motor that has a 4000 pound towing capacity.  (6) 
 

 
 

Figure 9. Gorilla Vehicle. (6) 
 
 The Solar Evolution vehicle also utilizes solar power to power the electrical system, see 
Figure 10.  This system has four solar panels, doubling as a canopy, that produce enough 
power for the vehicle to drive across all-terrain.  It sends power to an electric motor to power 
the drive train, see Figure 11.  The solar energy is stored within two deep-cell batteries, see 
Figure 3.  This is an excellent use of revolutionary alternative fuel systems. 
 

 
 

Figure 10. Solar Evolution Solar Panels.  (3) 
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Figure 11. Solar Evolution electric motor.  (3) 
 

 The multi-use truck, by Cruise Car, Inc., also uses solar power to supply power for its 
electrical system, see Figure 12.  This vehicle can be plugged into a standard outlet to charge 
the batteries or use the solar panels located on the top of the vehicle.  The solar panel system 
can provide six 8V batteries with 12 to 18 amps of charge, while driving, and 36 to 54 amps 
while stationary.  (7) 
 

 
 

Figure 12. Cruise Car, Inc. multi-use solar powered truck. (7) 
 

 The previous research concludes applicable information for the creation of a final 
features list that drives the customer requirements.  Discussed in the following sections is the 
determination of customer requirements and product objectives.  Please review Appendix B: 
Research for further details on the previously discussed information. 
 
 
POWER CONSUMPTION FOR AUXILIARY EQUIPMENT 
 
 Since the electrical system was designed to not only power the vehicle, a short list of 
certain types of equipment and their power consumption is shown below. 
 

• Driving Lights – 1 amp 
• 12V 3.5 GPM Water Pump – 5.3 amps 
• 2000lb Winch – 100 amp 
• Standard Cell Phone – 1 amp 
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This information provided substantial design criteria to meet when designing the electrical 
system. 
 
 
CUSTOMER REQUIREMENTS 
 
 The final features list, based upon the IAT design specifications and research helped 
construct the customer survey.  The final features list includes: 
 

• Ability to carry nine children 
• Modular cargo to passenger bed 
• Ease of maintainability 
• Front/tail/brake lights 
• Roll bar 
• Adequate power supply 
• Safe ingress/egress 
• Grab handles 
• Sun/Rain protection for cargo/passengers/driver 
• Auxiliary equipment 

 
The customer survey is available in Appendix C – Survey.  The surveys were filled out by 
Peace Corp Volunteers living in several regions of Africa.  A total of twenty-two surveys 
were returned.   
 
 The survey results revealed the majority of terrain in Africa is sandy and rocky, with 
unleaded gasoline as the primary source of fuel.  Out of the 18 features inquired about, 5 
customer features were found to be of high importance: 
 
 Customer Features     Level of Importance 

• Spare Tire      4.86 out of 5 
• Emergency Roadside Repair Kit   4.77 out of 5 
• Ease of Maintenance     4.64 out of5 
• Driver/Passenger Seat Belts    4.05 out of 5 
• Auxiliary Fuel Can     4.05 out of 5 

 
Out of the 13 remaining features, the following 8 came back as of medium importance: 
 

• Auxiliary Lights 
• Shaded Cargo Bed 
• Trailer Hitch 
• Winch 
• Fire Extinguisher 
• First Aid Kit 
• Ability to Transport Fragile Cargo 
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• Ability to Transport Patients 
 
The survey results are tabulated in Appendix D – Survey Results.  These results now 
construct the product objectives applicable to the BUV design. 
 
 
PRODUCT OBJECTIVES 
 
 The IAT specifications and requirements in accordance with the survey results and the 
QFD determined the product objectives.  The IAT BUV requirements can be viewed in 
Appendix A - IAT’s 2008 BUV Design Specs.  The QFD showing the importance level of 
each engineering characteristic is located in Appendix E – QFD.  The product objectives for 
the competition revolve around DFA and DFM requirements (8).  
 
The engineering characteristics (EC), developed from the customer requirements, are listed 
in order of importance: 
 
 
 Engineering Characteristics     Relative Importance 

 
• Fabrication Time      14% 
• Number of Auxiliary Components    13.8% 
• Number of Parts      13.6% 
• Cost to Manufacture      12.5% 
• Time to Convert Cargo Bed to Passenger Bed  10.3% 
• Shaded Area       9.3% 
• Power Consumption      8.3% 
• Weight of Vehicle      6.9% 
• Hours of Operation Before Failure    3.9% 
• Strength of Material      3.3% 
• Fuel Efficiency      1.9% 
• Ground Clearance      1.5% 
• Hours of Operation Before Maintenance   0.3% 

 
 

The relative weight for each EC revealed five main ECs to focus upon in the concept 
development stage.  These ECs are fabrication time, number of auxiliary components, 
number of parts, cost to manufacture, and time to convert cargo bed to passenger bed.  The 
remaining ECs were under consideration once the highest valued ECs were addressed during 
concept selection.   
 
 With the important ECs determined, a quantifiable value was placed with each one.  
Table 1 shows the product objectives for the modular cargo bed.  The important objectives of 
this sub-system focused upon manufacturing time, conversion time, substantial room for 
children and cargo, and safety.  The relevant test method and target value for each item is 



2008 BUV: Cargo Bed, Electrical System, and Auxiliary Equipment J. Brinkerhoff 

12 

listed below. 
 
 
Table 1. Product Objectives – Cargo Bed 
Proof of Design  Method of Proof/Test  
Fabrication Time (One Day to 
Manufacture)  

≤12 hours  

≤5 min Cargo/Passenger Bed 
Conversion Time  

Stopwatch, three people, conversion must be ≤5 minutes  

Passenger Bed Seats 9 
Children  

assuming 12” width per child, measure the total width of 
all seats, must be > 108” 

5”-7” Drop for Passenger Legs  Measure the distance between seat height and floor, must 
be between 5” and 7”  

Safe Ingress/Egress  Have children climb into the bed and count the number 
of times the children fall.  Falls = 0  

Grab Handles  Handles located every 12” for safety  

Padding  Brush finger tips along all of cargo bed.  Count the 
number of scrapes. Count = 0  

Seat Belts  10 seat belts  

Cost to Manufacture  ≤ $250 for material and manufacturing  

 
  
 Table 2 shows the product objectives for the electrical system.  The important objectives 
of this sub-system focus upon manufacturing time, number of components, type of 
components and cost.  The relevant test method and target value for each item is listed below. 
 
 
Table 2: Product Objective - Electrical System 
Proof of Design  Method of Proof/Test  

Fabrication Time (One Day to 
Manufacture)  

≤4 hours  

Number of Auxiliary Components  Minimum of 15 minutes for 100 amp draw 
(This is a maximum amp draw for 2000lb winches)  

Head/Tail/Brake Light, Side 
Reflectors  

2 tail/stop/turn lights; 4 side reflectors; 1 headlight  

Cost to Manufacture  ≤ $250 for material and manufacturing  
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DESIGN ALTERNATIVES AND SELECTION 
 
 The establishment of the engineering characteristics and product objectives initiated the 
design of alternative concepts.  Three concepts for the modular cargo bed and two concepts 
for the electrical system are discussed below. 
 
 
MODULAR CARGO BED 
 
 Using the product objectives from above, three concepts for the modular cargo bed were 
created.  The concepts for the cargo bed revolved around a modular design.  The seats on this 
bed should provide room for nine children and also become compact when hauling cargo or 
other supplies.  With this in mind, the concepts focused on the mechanical manner of the 
seats and the material used to build them. 
 
1.1.1 Concept 1: Theatre Style Seating: 
 
 The first concept resembled theatre style seating, where there are nine individual seats 
and each seat can be folded up to provide room for cargo.  Figure 13 shows an initial sketch 
of this concept. 
 

 
Figure 13. Theatre Style Seating 
 
This design provides the needed seats for children and provides substantial room when the 
bed is used for transporting cargo.  Individual seats fold up quickly, but time is consumed to 
fold up each seat. 
 
1.1.2 Concept 2: Bench Style Seating 
 
 The second concept utilized the idea of bench style seating.  Seats on the left and right 
side of the bed would be connected together to reduce time to convert to the cargo bed.  
Figure 14 shows the initial sketch of the bench style seating.  This style of seating provides 
ample room for nine children, and possibly more.  A concern with this concept is the amount 
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of material being used would increase the weight of the modular cargo bed system. 

 
Figure 14. Bench Style Seating 
 
The bench style seating would utilize a piano hinge attached to a side-board.  The strength of 
this hinge would be in question if this design were used. 
 
1.1.3 Concept 3: Full Cargo Seating 
 
 The third concept utilizes the idea of a hammock, by using cargo straps.  This idea 
stemmed from the military’s use of cargo netting to supply compact seating for troops.  
Following the notion of individual seats, there will be nine individual cargo net seats.  Figure 
15 shows the initial sketch of this concept. 
 

 
Figure 15. Full Cargo Seating 
 
 This style of convertible seating would use complex hinged joints to provide the folding 
up of the seats.  This design would provide lightweight construction to reduce the modular 
cargo bed’s overall weight.  There are multiple moving parts, precise fabric material 
manufacturing and intricate supports to create this design.  The complexity of this design 
would be in question because of the multiple moving parts and attachments required. 
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ELECTRICAL SYSTEM 
 
 The electrical system concepts are driven by the parts that have been donated to the 2008 
BUV team.  The concepts revolved around an alternator and solar energy.  With the research 
into solar energy, provided in the Electrical Systems research section, the intellectual 
decision to use solar energy was made.  This decision was based off the amount of 
substantial energy provided by the sun for free. 
 
 
DESIGN SELECTION 
 
 To select the best design for the modular cargo, two weighted decision matrices were 
created.  One is for the concept selection and the other is for material selection.  Both of these 
matrices can be seen in Appendix J: Weighted Decision Matrices. 
 
1.1.4 Concept Weighted Decision Matrix 
 
 The concept weighted decision matrix provided the information needed to select the best 
concept.  The criteria this matrix took into account were 
  

• Material Cost 
• Fabrication Time 
• Number of Parts 
• Weight 
• Conversion Time 
• Strength of Material 

 
Each of these items had a specific weight to which all three concepts were graded.  Table 3 
shows how each concept ranked overall in accordance with the above criteria. 
 
Table 3. Concept Weighted Decision Matrix Results 
 

 
 
The results show the Full Cargo and Bench Style seating concepts ranked highest with a 
score of 8.93 and 8.75, the Full Cargo ranking first.  Since this matrix was used to provide a 
relative ranking among specific criteria, it was decided to utilize the concepts of both bench 
style and full cargo seating.  The final result is a bench framed seat that rotates.  The actual 
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seat material is created with cargo netting to provide seat support for the children. 
 
1.1.5 Material Weight Decision Matrix 
 
 The material weighted decision matrix is utilized to provide information regarding the 
best material to use when building the modular cargo bed.  The three materials reviewed are 
steel channel, lumber, and aluminum t-slots.  The criteria taken into account for this matrix 
were 
 

• Fabrication Time 
• Number of Parts 
• Cost to Manufacture 
• Weight 
• Strength of Material 

 
Each of these items had a specific weight to which all three concepts were graded.  Table 4 
shows how each material ranked in accordance with the above criteria 
 
 
Table 4. Material Weighted Decision Matrix Result 
 

 
 
 
It is obvious that the steel channel at 9.4 and lumber at 8.83 had the best scores.  The 
simplified reasoning for this is the cost of the material.  Aluminum has an excellent strength-
to-weight ratio, but with that comes a higher cost.  So to build a strong, lightweight cargo bed 
that was also cost-effective, the use of both steel and wood were incorporated into the design.   
 
 The steel will provide the majority of the structural support, since it is stronger than 
wood and will see a 1200 lb payload.  To create the seating, two different materials were 
taken into account, steel and lumber.  Since steel has a higher thermal conductivity, it would 
become extremely hot in a desert environment.  Wood has low thermal conductivity and is 
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lighter in weight, so this will make a better material for the folding seat frame. 
 
FINAL DESIGN DRAWINGS 
 
 The final design of the modular cargo bed and electrical system were designed in the 
Solid Works CAD package.  Below is a walkthrough of the design with material 
specifications and dimensional space claim.  Figure 16 shows the space claim and visual 
representation of both these systems. 
 
 

 
Figure 16. Final Cargo Bed and Electrical System Layout 
 
 
This design utilizes A36 structural steel tubing, treated lumber, with simple fasteners, bolts, 
washers, and nuts.  The canopy will be constructed from PVC pipe and tarp.   
 
 
THE FRAME 
 
 The frame of the cargo bed, along with the vertical supports, is constructed from A36 
structural steel tubing, measuring 1.5” x 1.5” x 0.120” wall thickness.  This material has a 
yield strength of 36 ksi.  Figure 17 shows the cargo bed weldment drawing.   
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Figure 17. Cargo Bed Weldment 
 
This design has 12 vertical supports welded to a 75” x 44” sub-frame.  These 12 supports will 
provide the hinge locations for the bench cargo style seating. 
 
 
SEATING 
 
 The bench cargo style seating is designed with 2” x 4”s.  The most important aspect of 
this design, besides the need for seating 9 children, is the conversion from bus mode to cargo 
bed mode.  Figure 17 shows the cargo bed in the seat position, while Figure 18 shows these 
seats folded up for cargo position. 
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      Figure 18. Seat Position         Figure 19. Cargo Position 
 
 The seats are fastened with 3/8”-16 hex bolts to provide rotation.  The legs are also 
fastened in this manner to standardize parts on the cargo bed.  The total seat length in this 
virtual design measures to142.5”.  This is well above the product objective of 108”. 
 
 Drawings of all non-purchased parts can be viewed in Appendix K: Drawings. 
 
 
LOADING CONDITIONS AND DESIGN ANALYSIS 
 
 The different loading conditions on the modular cargo bed come from two sources.  The 
first source is the load from the children on the seats.  Since not all 9 children will be seated 
on one seat at any given time, it was best to base the loading conditions on the worst case 
scenario of one child sitting directly on one of the seat supports.  Figure 20 shows a visual 
representation of this type of loading.  It is assumed that a large child would weigh 80 
pounds. 

 
Figure 20. Seat Loading Condition 
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 The loading is assumed to be a 65/35 percent loading, where the child of 80 pounds 
would sit with the majority of his weight at 35% the distance between the bolts forward.  
With this loading condition, shear forces will act on the bolts and wood supporting the child.   
 
 The second loading condition is based upon the loading of the 1200 pound payload 
evenly distributed among the cargo bed frame.  Since the cargo bed could see this load, the 
frame and plywood must be able to withstand these forces.   
 
 The load placed on the electrical design system is based upon the Optima Yellow Top 
battery that had been donated to the 2008 BUV team.  Figure 21 shows the loading 
capabilities of this battery, with its base loading condition of 25 amps for 155 minutes. 
 

 
Figure 21. 12V - 80Ah Optima Battery Loading Condition 
 
DESIGN ANALYSIS 
 
 Based upon the loading conditions given above, shear force analysis is determined with 
a factor of safety determined.  Figure 22 shows the shearing forces applied to the seats of the 
cargo bed.  The maximum shear forces will be seen in the 2” x 4” board when the shear is 
acting perpendicular to the grain.  The total shearing forces in the both 2” x 4” boards, along 
with the bolt in shear can be seen in Appendix L: Design Analysis. 
 
 From the shear calculations, where shear force equals applied force divided by the cross 
sectional area, the lumber in perpendicular and parallel loading and the bolt both succeed in 
holding the load seen.  The actual shear forces in these members are 60 psi, 21 psi, and 472 
psi, respectively.  The lumber in shear forces perpendicular to the grain has the lowest factor 
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of safety of 3.8.  The other two members have a factor of safety of 19.   
 

 
 

Figure 22. Seat Shearing Force Diagram 
 
 
COMPONENT SELECTION AND BILL OF MATERIALS 
 
 The standardization of parts is important to this design to ease the complexity of the 
build, reduce cost, and minimize confusion of parts.  The selection of purchased components 
was driven by this above idea and by any donations received from outside vendors.  Below is 
a list of components that have been donated or provided at a lower than retail cost for the 
project. 
 
 

• Optima 12V 80 Amp hour battery 
• All Lumber (2”x 4” and 2” x 8” Beams, excluding the plywood) 
• A36 Steel Tubing 
• Old lawnmower 

o Pedals 
o Seats 
o On/off switch 
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 A list of other components required for the cargo bed is listed below.  These components 
have met all design criteria for the application of the cargo bed. 
 
 

• A 36 Steel 1.5” x 1.5” x .120 wall tubing 
• Cargo Straps 
• Plywood floor 
• Grade 5 bolts  

 
 
 The selection of the electrical system components is driven by price.  The solar power 
for the vehicle will be purchased at retail prices.  The components involved with this are, 
 
 

• 45W solar panels 
• 12V charge controller 
• Electrical hardware 

 
 
 Choosing a 45W solar panel will provide enough energy to provide certain applications 
suitable amount of power for a substantial amount of time.  Below is a list of these 
applications. 
 
 

• Driving Lights – 1 amp 
• 3785 min ≈ 65 hours 

• 12V 3.5 GPM Water Pump – 5.3 amps 
• 775 min ≈ 12 hours 

• 2000lb Winch – 100 amp 
• 30 min 

• Standard Cell Phone – 1 amp 
• 3785 min ≈ 65 hours  

 
 
 A complete bill of materials can be viewed in Appendix M: Bill of Materials.  The cost 
to-date for the modular cargo bed and electrical systems is $210 US.  A detailed list is broken 
down in the forecasted budget section. 
 
 
FABRICATION AND ASSEMBLY 
 
CARGO BED FABRICATION 
 
 It is best to discuss the fabrication of sub-assemblies individually, instead of individual 
components.  The cargo bed sub-system utilized 24’ lengths of 1.5” x 1.5” x 0.120” square 
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tubing, 2” x 4” treated lumber, 2” x 6” treated lumber, and 3/8” thick x 96” x 48” plywood as 
raw material.  This raw material had to be cut down to fabricate each individual sub-
assembly of the cargo bed.  Figure 17 shows that layout for this sub-assembly, which was 
MIG welded to secure the frame.   
 
1.1.6 Cargo Bed Frame 
 
 The cargo bed frame and vertical seat supports came from the 24’ lengths of square 
tubing.  A standard horizontal band saw was used to cut the 70” left and right frame bars, 
three 40” cross frame bars, and twelve 15” vertical seat supports.  The welding was 
completed by an outsourced welder, Paul Lashua, using MIG welding.  All burrs and sharp 
edges were removed with a grinding wheel and filed to reduce possible injury during use.  A 
standard electric drill and 3/8” drill bit was used to drill two holes in each vertical seat 
support.  A fixture was used to drill the holes where the bench seats would rotate.  This 
fixture, made from flat steel plate and channel ensured the holes were all the same height 
from the top of the cargo bed frame.  The second 3/8” hole in each vertical support is to 
secure the back rest to the cargo bed frame.   
 
1.1.7 Cargo Bed Seats 
 
   The cargo bed seats came from the 2” x 4” treated lumber, donated by Jason Baker.  A 
standard 8” circular table saw was used to cut twelve 12” horizontal seat components and 
twelve 6” vertical support components.  A vertical band saw was used to create a radius on 
the top edge of the twelve vertical supports.  A fixture made from scrap lumber and 0.25” 
steel rod was used to guide each piece in a circular motion through the band saw.  This radius 
was needed to allow clearance to fold up the cargo seats.  A drill press was used to drill two 
1.2” holes on either end of the horizontal seat components and one 1/2” hole in the top of the 
vertical support components.  The same circular saw was used to create the seat connecting 
components made from 2” x 4” treated lumber.  Two 72” pieces and one 15” piece were cut 
from the raw material.   
 
1.1.8 Cargo Bed Flooring 
 
 The cargo bed flooring came from an 8’ x 4’ x 3/8” stock plywood.  The plywood was cut to size 
with a 5” cordless circular saw to the measurements of 70” x 43”.    
 
1.1.9 Cargo Bed Canopy 
 
 Standard parts were used to create the cargo bed canopy.  Schedule 40 1” PVC pipe 
formed the frame for an 8’ x 5’ tarp for the actual canopy.  Four 40” pieces, four 2” pieces 
and 2 39” pieces of PVC pipe were cut to create the vertical supports, angle components and 
cross members using a simple pipe cutter.  Four 45o elbows were used to connect the frame 
together.  Two vertical supports, two 45o elbows, two angle components and one cross 
member were combined to create the front and back frames.  The tarp was stretched over 
these two frame supports and connected using zip ties. 
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1.1.10 Cargo Bed Assembly 
 
 After the fabrication of all the sub assemblies was complete, the assembly process 
utilized standard 3/8”-16 bolts and nuts.  To allow rotation 72 3/8” inner diameter sleeve 
bushings were placed inside all the holes drilled into the horizontal and vertical seat 
components.  The individual horizontal and vertical seat components, made from lumber, 
were assembled with the four sleeve bushings, a bolt with a washer near the head and where 
the nut attaches.  Each horizontal and vertical lumber seat sub-assembly was attached to the 
metal vertical supports the same way the sub-assembly was attached.   
 
  

 
 The testing of the cargo bed and electrical system mainly occurred at the 2008 BUV 
competition.  The cargo bed seats were tested by actually sitting in them, with a weight of 
200 pounds, to ensure the seats would hold up.  The cargo bed carrying capacity was tested 
when close to 1000 pounds was placed in the cargo bed area.  The cargo bed withstood the 
load without any problems.  Two individuals were able to convert the cargo bed seats in less 
than one minute. 
 
 The electrical system went through preliminary testing to ensure the solar panel worked 
properly.  All proper connections were made from the solar panel to the charge controller and 
the charge controller to the battery.  The voltage was measured across the negative and 
positive battery terminals.  It took 20 minutes for the battery to be charged from 11.8 volts to 
its standard 13.8 volts.  The electrical system also maintained working headlights, taillights, 
and brake lights throughout the competition.   
 
 The 2008 BUV competition resulted in an overall 5

TESTING AND RESULTS 

th place.  The first two driving events 
were completed successfully, the Judge’s Drive and the Endurance Course.  Unfortunately 
after the Endurance Course, the front suspension’s left shock sheared where the eye-loop 
attaches to the cylinder head.  This concluded with removal of both shocks and replaced, but 
by the time this occurred the front suspension had been torque beyond repair.  It was deemed 
the vehicle unsafe to drive in the following events.  The team did place 2nd in the written 
report, the BOM/cost, and design objectives.  The team also placed 3rd in the oral 
presentation and 4th in the Endurance Course.   
 
 The rigorous testing at the BUV competition provided substantial information for the 
2008 UC CAS BUV team to repair and redesign the vehicle for its final place of use.  The 
drive train and front suspension need to be redesigned to withstand the rigorous use this 
vehicle will see, while the cargo bed seats need to be redesigned to withstand a larger load.  
After several conversations with individuals who have visited the developing regions, all 
stated that the people in those regions overload vehicles more than designed.  This means that 
anything designed for those areas need large safety of factors.  Since the lowest safety of 
factor of this design was 3.9 for the cargo bed seats, it needs to be increased by two-fold.  
(The 2008 BUV competition results can be viewed in Appendix N: 2008 BUV Competition 
Results) 
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PROJECT MANAGEMENT 
 
 Since this project was a combined effort among four individuals, a standard meeting 
time was set.  Every Monday at 1pm the team met to discuss important tasks and relevant 
information regarding the BUV design.  The team was managed by Josiah Brinkerhoff and 
notes were recorded by a different individual each week.  Individual notes were recorded by 
the specific person to whoever’s sub-system was referenced.   
 
 A group and individual forecasted budget and schedule were created to ensure the BUV 
was designed and built within an adequate expense and timeline.  These forecasts were 
compared with final budgets and schedules.  The 2008 BUV competition was held April 18-
20, so this vehicle was built in a strict, concise timeline. 
 
 
BUDGET 
 
 A budget for the modular cargo bed and electrical system can be viewed in Appendix F: 
Modular Cargo Bed and Electrical System Budget.  A side by side comparison of the 
proposed budget and to-date budget can be viewed below.  This budget includes  
 
 

Components Proposed Final 
Roll Bar $40 $30 
Metal Framing $100 $90 
2” x 4” Lumber $80 $50 

FREEBIE 
Plywood $40 $20 
Hardware $30 $90 
Cargo Netting $80 $50 
Limit Switch $30 $20 

FREEBIE 
Wire $15 Not Purchased 
Hardware (Electrical) $15 $20 
Solar Panels $150 $225 
Charge Controller $60 $40 
Deep Cell Battery $50 $200 

FREEBIE 
Tarp (Canopy) $25 $10 
PVC Pipe (Canopy Supports) $25 $20 
TOTAL $915 $595 

 
 
The projected cost for components and materials is $915.00, which included a 20% increase 
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for cushion.  The final cost was $595.  Since three of the main components were donated, this 
will decrease the actual cost to build the modular cargo bed and electrical systems. 
 
 A budget for the total BUV can be viewed in Appendix G: BUV Budget.  In comparison, 
the cost of each sub-system proposed and actual to-date are shown below. 
 
 
 Subsystem    Proposed   To Date 

• Drive Train    $1320    $1355 
• Suspension    $1320    $970 
• Chassis    $985    $690 
• Bed/Electrical    $915    $550 

 ------------------------------------------------------------------------------------------------- 
• Total     $4,540    $3565 

 
 
The total cost proposed for the complete BUV was $4,540 US.  The modular cargo bed and 
electrical system made up 20% of the total cost.  The actual cost of the final BUV was $3565, 
with the drive train and suspension combined accounting for more than 2/3 the total cost.  
The chassis was mainly expensive from a welding aspect.  The welding accounted for 
majority of the chassis.  The electrical systems largest components were the solar panel and 
charge controller, where the cargo bed itself kept below $200.    
 
 One aspect that had not been taken into account was the transport, travel, and hotel stay 
for the BUV vehicle and team.  The hotel stay and travel cost $200, which includes one hotel 
room, gas for the truck and trailer to haul the BUV from Cincinnati to Indianapolis, and the 
diesel gas for the BUV, itself. 
 
 
SCHEDULE 
 
 A forecasted schedule was compiled for both the modular cargo bed sub-system and the 
BUV.  These two schedules can be viewed in Appendix H – Modular Cargo Bed and 
Electrical System Schedule and in Appendix I – BUV Team Schedule.  These two schedules 
were exactly the same as far as general tasks to be completed.  This forecasted schedule was 
compared with the final schedule for this project.  All critical dates were met for the BUV 
team and for the cargo bed and electrical sub-systems.  The most critical date was the testing 
and competition.  The first test was completed a week and a half prior to the competition and 
the final test was completed two days prior to the competition.  The BUV made it to the 
competition on time and checked in as required. 
 
 The modular cargo bed and electrical system schedule details the general tasks into 
specific component deadlines.  A breakdown of important tasks and respective completion 
dates of the details can be viewed in Table 5.  This table shows when the forecasted 
completion date was and the actual completion date occurred. 
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Table 5. Important Modular Cargo Bed Tasks with Dates. 
 

Tasks: Date to Complete: Actual Completion 
Cargo Bed/Electrical Budget Complete – 10/23/2007 N/A 
Proof of Design Contract Complete – 10/29/2007 N/A 
Compile Survey/Create QFD Complete – 11/12/2007 N/A 
Concept Development Complete – 12/07/2007 N/A 
Choose Best Concept Complete – 12/07/2007 N/A 
Preliminary Design of: BROKEN DOWN INTO 

COMPONENTS 
 

Cargo Bed Frame/Floor 12/05/2007 12/14/2007 
Cargo Bed Wall 12/10/2007 12/14/2007 
Passenger Seats 12/16/2007 12/24/2007 
Roll Bar/Lights/Limit Switch 12/23/2007 2/25/2008 
Solar Panel/Charge 
Controller/Battery 

01/07/2008 1/30/2008 

Electric Starter 01/07/2008 N/A 
Design Freeze 01/07/2008 1/28/2008 Meet w/ ITE 
Final Design w/ BOM 01/28/2008 1/28/2008 
Oral Design Presentation 02/25/2008 3/11/2008 
Component Fabrication 03/10/2008 3/21/2008 
BUV Assembly 03/30/2008 4/7/2008 
Test BUV 03/31/2008 4/7/2008 
BUV Modification and Retest 04/16/2008 4/14/2008 
BUV Competition 04/18/2008 4/18/2008 
CAS Tech Expo 05/22/2008 5/22/2008 
Oral Final Presentation 05/27/2008 5/26/2008 

  
The majority of schedule tasks that relate to the design have changed since a meeting with 
Integrated Technologies Engineering.  The meeting that took place on January 19, 2008 
revealed multiple issues and planned changes to the total BUV design.  These changes 
attributed to the newly designed seat mechanism to remove the piano hinge and use bolts 
instead.   
 
 The BUV team was on schedule in the majority of the tasks. All the critical tasks were 
met on time to compete in the competition, display during the 2008 UC CAS Tech Expo, and 
give an oral presentation.   
 
 
CONCLUSION: FUTURE ACTION ITEMS 
 
 The 2008 UC OCAS BUV ended as a great affordable transportation prototype.  The 
cargo bed and electrical system held up through all of the rigorous testing that the team and 
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the competition put it through.  Not only can the cargo bed transport children to and from 
school, but it can be used to transport supplies, such as food, water, and goods for sale.  The 
electrical system efficiently and effectively supplied the battery with a complete charge 
throughout the entire time the BUV competed in the competition.   
 
 There are some improvements needed for both systems.  The cargo bed needs improved 
hinged points.  During the final assembly, the paint increased the thickness of the seat 
components, causing binding during conversion.  To improve this difficulty of conversion, 
cotter pins would provide a less compression fastening set-up, allowing for a greater play 
when folding up the longer bench seats.  More grab handles should also be included to 
provide more comfort and safety while riding in the cargo bed area.  The canopy seemed to 
sag in the middle, so adding an additional cross member, attaching the front and back canopy 
frames, would decrease the sag in the canopy.  The seats should be redesigned for a greater 
weight capacity.  While this BUV is used in developing countries, it is from first-hand 
experience that vehicles are completely loaded beyond a vehicle’s designed loading 
conditions.   
 
 
 The electrical system could be improved with slight changes incorporated into the BUV 
design.  A quick connect/disconnect needs to be added for “plugging in” auxiliary 
components, which could include water pumps, winches, water filtration systems, medical 
devices, laptops, and charging cell phones.  An ammeter should be incorporated to allow 
users to monitor the amount of amp draw coming from the battery.  This is needed to ensure 
the battery can be consumed in an appropriate manner, during the day and night time hours.  
A monitoring system of the battery becomes extremely useful to calculate the amount of 
power able to be consumed by auxiliary components compared with the amount of time it 
takes for the battery to recharge by the solar panel.   
 
 
 With these improvements, the BUV cargo bed and electrical system can be used to its 
fullest extent in the developing countries.  



2008 BUV: Cargo Bed, Electrical System, and Auxiliary Equipment J. Brinkerhoff 

1 
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APPENDIX A: IAT’S 2008 BUV DESIGN SPECS 
Capstone Design Project 

BUV School Bus for Africa         www.driveBUV.org 
Basic Utility Vehicles for Developing Countries 
Institute for Affordable Transportation (IAT) 
 
 
Challenge:  Design a 3-wheel vehicle based on the rear clip of a small pick-up truck.  Design a school 
bus attachment which connects to the rolling chassis.  The bus is intended to serve school children 
and orphanages in Africa.  In addition to low cost, design emphasis is on the steering and front 
suspension.  Design for small scale assembly operations in Africa.  Volume is one vehicle per day.  
Minimize factory investment. 

 
 Photo is for reference only…these vehicles do not meet this design specification   
 
System Description: 
 
Front Unit – includes front wheel, steering mechanism, front frame, driver’s seat & controls, engine, 
transmission, PTO 
 

Rear Clip – the rear end (i.e. the axle, suspension, wheels, frame, brakes, etc) of a Chevy S-10, GMC 
S-15, Nissan, or Toyota pickup cut near the cab/bed interface. Excludes the sheet metal pickup bed. 
 
Drivable Chassis – a front unit attached to a rear clip. Ready to drive.  Various bodies can be attached 
to the drivable chassis. 
 

School Bus Body / Cargo Bed – a body that attaches to the drivable chassis that is multi-purpose, and 
can carry both cargo as well as children is a safe manner. 
 
Specifications – Drivable Chassis       
Cost: Not to exceed $1300 for kit (all non-truck parts).  Does not include final assembly, freight, duties.   
Engine / Fuel: 10 hp motor   
Transmission: Not specified. No automotive transmissions.   
Seating: Room for 9 children.  Seating surface must provide a 5-7” drop for legs. 
Reverse: Provide a powered reverse (not human powered) Electric reverse is permissible. 
Noise Level: Within OSHA standards for driver, and for children. 
Front Seat(s): Motorcycle seating arrangement 
Payload: 1200 lbs (includes driver).  Do not count the cargo bed as part of the payload. 
Top Speed: 20 mph on grass (governed) 
Front Suspension: Type not specified.  Min 2” wheel travel.  Do NOT use a motorcycle front 

suspension.   
Throttle: Mount on steering mechanism. No foot throttle.   
Rear Brakes: Use existing truck brakes with hydraulic activation via foot pedal.   

http://www.drivebuv.org/�
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Parking Brake: Use existing truck emergency brake operable from driver’s seat.  Activation method not 
specified 

Length: <12.5 ft long overall 
Ground Clearance: > 10.5” except at differential, leaf springs, or lower shock mounts  
PTO Pulley: Disengage driveline.  Power items on board or off-board vehicle. 
Color theme: School bus yellow 
Children Safety Allow safe egress/ingress.  Provide grab handles, rounded edges, padding, belts, sun/rain protection 
Safety Equipment: Horn, kill switch, tow hooks (fore/aft), on-board fire extinguisher, passenger handles/ropes, “anti-roll” 

protection (shoulder height roll-bar helps stop vehicle rotation at ¼ roll and helps shield driver from 
cargo), 1 headlight, 2 tail-lights, 2 brake lights, two light reflectors per side, fenders. 

 
Performance Requirements: 
• Capable of climbing 20% slope (fully loaded) 
• Fording Ability:  15 inches of water 
• Brake(s) will lock during an emergency stop (on pavement, fully loaded) 
• 5 minute conversion (or less) for 2 people to convert from bus mode to cargo mode. 
 
Design Objectives:         
• Minimize total lifetime cost of ownership  
• Utilize off-the-shelf components or recycled components where possible to minimize cost.  
• Minimize the number of part numbers, and the part count to simplify purchasing, logistics, service, etc. 
• Require only two people to assemble vehicle.  Utilize Design for Assembly (DFA) methods 
• Utilize simple, durable, low maintenance design 
• Minimize center of gravity to increase stability 
• Minimize number of common tools required to service / repair vehicle 
• Minimize machining, welding, and fixtures for African assembly to reduce investment/skill required 
• Emphasize safety in all aspects of design. Protect driver and passengers from moving parts 
• Emphasize reliability and ease of service 
• Gender friendly 
 
 
             Other Data that Judges will collect 

         (related to the performance and objectives) 
  Number of “off-the-shelf” parts (not including fasteners) 
  Number of fabricated or custom parts 
  Number of fasteners used. 
  Total Number of Parts 
      % of fabricated parts to Total Number of Parts 
  The number of different Part Numbers (i.e. 4 screws of the same type count as 1 part number),  
  Number of Special Tools or fixtures used in fabrication or assembly 
  Area of cargo bed (inside dimensions) 
  Distance from ground to bottom of engine (inches) 
  Estimated man-hours of assembly time of front kit 
  Inches of weld on prototype 
  Noise level (decibels).  Measured at drivers head (R and L side) at full throttle.  Drive by measurement at 10 ft. 
  Time to convert from school mode to cargo mode 
  Ability to power other devices 

  Canopy 
  Weight of front unit (detached from rear) 
  Total weight of vehicle 
  Corrosion Prevention Methods used 
  Multi-purpose Service Tool.  If you have designed one for your vehicle (not required), please show the judges. 
  Estimate Production Cost (fully assembled) 
 
 
Costing Information: 
For engines, use $26 per horsepower OEM cost (i.e. 10 hp engine is $260) 
For the truck rear clip – use $150 (no matter the actual cost) 
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For purchased parts, use 50% of retail price, for fabricated parts & painting, use industry quotes (based on monthly orders of 100 
units/mo.) 
Volume assumption for sourcing parts:   300 BUVs per year (roughly 1 BUV per day) 
Use $1/hour labor rate.  Use new equipment retail pricing on investment. 
 
Engineering Report 
Follow your class requirements.  Additionally, IAT wants a costed Bill of Material (BOM) with part number, source, weight 
info and a cost breakdown by system (power train, front frame, rear-clip, etc) in the report (include system weight as well).  
Also include a summary of the assembly process, equipment required, assembly time, and micro-factory costs.  Determine 
labor content per unit, equipment investment required, factory layout for 4000 sq ft, and staffing for a 1 unit per day micro-
factory.   Predict which three parts are most likely to fail first. 
 
Common Errors to Avoid: 
Heavy and over-designed vehicles:  a good target is 1000 lbs to perform well at the competition 
Inappropriate Gearing:  ensure that you have at least a 50:1 reduction in your power train in low gear 
Inappropriate Tires:  car tires and tires over 30” in diameter generally do not perform well in the competition.   
Center of gravity:  please minimize! 
No sharp burrs on any surface. 
Do not forget to design against mud, sand, and water intrusion.  If necessary, use debris guards to prevent service issues and 
protect vehicle. 
 
 
 Contact:  will.austin@drivebuv.org        317-213-1088       

 
 
 
 

Competition BUVs donated to IAT will be sent 
to humanitarian organizations in developing 
countries (assuming the vehicle is safe). 

mailto:will.austin@drivebuv.org�
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APPENDIX B: RESEARCH 
Josiah Brinkerhoff 
Electrical and Cargo Bed 
Research 
10-1-2007 
 
 This research encompasses the electrical sub-system of the Basic Utility Vehicle (BUV).  The 
purpose of this research is to determine the limitations already discovered from other projects.  
Previous senior design projects reveal limited information for the scope of this sub-system, so a closer 
look at do-it-yourself projects encompassing solar power utility vehicles is the focus. 
 
PREVIOUS BUV VEHICLES 
 
1. NIU’s 2007 BUV  [Online] [Cited: Oct. 11, 2007.] 
http://www.niu.edu/PubAffairs/RELEASES/2007/may/BUV.shtml 
2.Calvin College’s 2007 BUV [Online] [Cited: Oct. 11, 2007.] 
http://www.calvin.edu/news/releases/2006-07/team-buv.htm 
 
All information about NIU’s 2007 BUV was viewed on the above website on Wednesday, November 
15, 2007. 
 

 
 
 
 
 
 

• Wooden cargo bed frame 
• Hinged sidewalls 
• Cargo bed 2/3 length total vehicle length 
• Hinged bed door 
• Exterior Lights on front grill 
• Sidewalls approx. 2.5 ft 

(1) 

• Converts in Seconds 
• Few pinch points 
• No Seats 
• Modular sidewall/door 
• Intelligent available cargo 

space 
• Weight concern 

 
All information about Calvin College’s 2007 BUV was viewed on the above website on Wednesday, 
November 15, 2007. 
 

http://www.niu.edu/PubAffairs/RELEASES/2007
/may/BUV.shtml 
 
 

http://www.niu.edu/PubAffairs/RELEASES/2007/may/BUV.shtml�
http://www.calvin.edu/news/releases/2006-07/team-buv.htm�
http://www.niu.edu/PubAffairs/RELEASES/2007/may/BUV.shtml�
http://www.niu.edu/PubAffairs/RELEASES/2007/may/BUV.shtml�
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• Wooden cargo bed frame 
• Possibly 2x4 side wall and door 
• Removable sidewalls from bottom steel frame 
• Exterior lights attached to roll bar 

 (2) 

• Bed Conversion Time 
• Few pinch points 
• No Seats 
• Moderate Cargo Area 
• Weight Concern 

 
PRODUCTS ON THE MARKET 
 
3. Gorilla Vehicle - 650 lbs.. [Online] [Cited: Oct. 11, 2007.] http://www.gorillavehicles.com/ 
4.  UV multi-use vehiclce [Online] [Cited: Oct. 11, 2007.] 
http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf 
5.  Solar Evolution USV.  [Online] [Cited: Oct. 30, 2007.] http://www.solarevolution.com/eMule/ 
6. The Carman Group – Flip Seat: [Online] [Cited Oct 30, 2007.]  
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm  
 
All information about Gorilla Vehicles was viewed on the above website on Wednesday, October 11, 
2007. 
 
 

 
 
 

• Top Speed 36V – 12-14MPH 
• Range: 25 to 35 miles 
• Turning Radius: 15-17 feet 
• Hill Climbing: 30 degrees 
• Dimensions: 34.8”W x 39”H x 70”L 

• Small Payload Capacity 
• High Towing Capacity 
• Time Disconnect from Batt. 
• Small Electric Motor 
• Nothing is Solar Powered 
• Ability to Make Vehicle 

within weight spec. 
• Good specs for electric 

motor 
• Low ground clearance 
• Potentiometer Accelerator 

 

http://www.gorillavehicles.com/ 
Gorilla Vehicles  
 

http://www.thecarmangroup.com/electric_vehicle
_flip_seats.htm 
Convertible Cargo Flip Bed 
 

http://www.gorillavehicles.com/�
http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf�
http://www.solarevolution.com/eMule/�
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
http://www.gorillavehicles.com/�
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
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• Wheel Base : 49.5 in 
• Ground Clearance: 6” 
• Motor: Electric 8.5 hp(peak) – 5000 rpm 
• Traction DC, heavy duty, H-class thermal rating 
• 6500 Watts 
• Motor Controller: Curtis (env. Sealed/heat-sinked) 
• Accelerator: Potentiometer 
• Time Disconnect 
• Emergency Kill Switch 
• Weight: 351lbs w/o batteries- add. 180lbs batt. 
• Max Load Capacity: 650 lbs w/ Driver 
• 4000 lb Towing Capacity 

(3) 
 
All information below about UV multi-use truck was viewed on Wednesday, October 11, 2007. 
http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf 
 
 

 
 
 
 
 

• Range: ~50 miles 
• Max Speed: ~17 MPH 
• Turning Radius: ~13 ft 
• Hill Climb: 20% 
• Dimensions: 9.65 ft L x 4.59 ft W x 5.68 ft T 
• Max Payload : ~800 lbs 
• Net Weight : ~1500 lbs 
• Motor : 5.5 hp 
• Solar Panel charges 6 8V batteries 
• Produces 180 Watts @ 60 volts 
• 3 amp continuous charge 
• No Moving Parts on the Solar Top – 20 yr 

Lifetime 
• With converter, can power 110V appliances 
• 150 Amps per charge 

• Small Payload 
• Good Turning Radius for 

size 
• Use of solar power 
• Ability to power 110V 

applications 
• Small Motor 
• Definitely not rugged 
• Generates a value of charge 

per solar panel setup and 
battery configuration 

• Unwanted battery weight 

http://www.cruisecarinc.com/pdfs/specs_6042KXC-
X2_UV-multiuseTruck.pdf  
UV-Multiuse Truck 

http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf�
http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf�
http://www.cruisecarinc.com/pdfs/specs_6042KXC-X2_UV-multiuseTruck.pdf�
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• Solar Top replenishes 12 to 18 amps while 
driving 

• Replenishes 36 to 54 amps while stationary 

 (4) 
 
All information about this solar Evolution project was viewed Tuesday, October 30, 2007, from 
http://www.solarevolution.com/eMule.  
 
 

 
 
 
 

 
 
 
 

 
 
 

There were no specifications 
about this project.  The 
website contained on 
pictures and videos of this 
Utility Solar Vehicle (USV). 
 
The information listed below 
only contains assumptions 
based on the pictures.  It is 
used solely for reference 
about solar power.   
 

• Excellent use of solar energy 
• Small motor 
• Bulky PV Module 
• Moderate ground clearance 
• Chain Drive 
• 2 possible 12V batteries 
• Steel Angle Frame for bed 
• Plywood base 
• No guard rails on bed 
• Simple bed design 
•  

 

http://www.solarevolution.com/eMule/  

http://www.solarevolution.com/eMule/solar.htm 

http://www.solarevolution.com/eMule/solar.htm 

http://www.solarevolution.com/eMule�
http://www.solarevolution.com/eMule/b/DSC04946.JPG�
http://www.solarevolution.com/eMule/�
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(5) 

 
All information about the convertible cargo flip seats was viewed Tuesday, October 30, 2007, from 
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm.  
 
 

  
 

 
 
 
 
 

• Convertible Cargo Bed to Seats 
• Holds Two People 
• Seat Attached to Cargo Bed 
• Seats Two adults comfortably 
• Constructed of metal Bars 
• Plastic Coating for protection 

 (6) 

• Converts in Seconds 
• No Pinch Points 
• Traction for Cargo 
• Comfortable Seats 
• Back Support 
• Small Cargo Area 
• Possibly heavy 

 
 

http://www.solarevolution.com/eMule/solar.htm 

http://www.thecarmangroup.com/electric_vehicle
_flip_seats.htm 
Convertible Cargo Flip Bed 
 

http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
http://www.solarevolution.com/eMule/b/DSC04949.JPG�
http://www.thecarmangroup.com/electric_vehicle_flip_seats_cargo_hauler.htm�
http://www.thecarmangroup.com/electric_vehicle_flip_seats_people_mover.htm�
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
http://www.thecarmangroup.com/electric_vehicle_flip_seats.htm�
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All information about the convertible cargo flip seats was viewed Tuesday, October 30, 2007, from 
http://www.thecarmangroup.com/electric_vehicle_beds_and_rails.htm.  
 
 
 

  
 

  
 
 
 
 

• Convertible Cargo Bed to Seats 
• Holds Two People 
• Seat Attached to Cargo Bed 
• Seats Two adults comfortably 
• Constructed of metal Bars 
• Plastic Coating for protection 

 (7) 

• No Conversion 
• No Pinch Points 
• Little Visible Traction for 

cargo 
• No Seats 
• Variable Cargo Area 
• Possibly heavy 

 
 
 

http://www.thecarmangroup.com/electric_vehicle
_beds_and_rails.htm  
The Carmen Groups Beds and Side rails 

http://www.thecarmangroup.com/electric_vehicle_beds_and_rails.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_sport_shortbed.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_longbed_stakes.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_eride_shortbed_rails.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_eride_longbed.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_and_rails.htm�
http://www.thecarmangroup.com/electric_vehicle_beds_and_rails.htm�
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APPENDIX C: SURVEY 
 

Basic Utility Vehicle 
Product Improvement Survey 

 
A group of students in the MET department is attempting to improve the design and usefulness of the basic utility vehicle.  
Please take a few minutes to fill out the customer survey and return it to the student marketer. 
 
What terrain is primarily in the area of travel? (Circle at most 2 please) 

  
 Mud  Swamp Rocky  Gravel  Sand   
 

What power source is primarily available?  (Circle one) 
 
  Gasoline engine  Diesel engine  Electric motor  

 
Please list the common types of lumber available. 

________________________________________________________________________________________________
________________________________________________________________________________________________
__________________________________________ 
   

Please indicate the level of importance you attach to the following aspects of a basic utility vehicle.  
(1 = low importance  5 = high importance) 

  
 Auxiliary Lights    1 2 3 4 5 
 Medical Devices    1 2 3 4 5 
 Water Pump Attachment   1 2 3 4 5 
 Plow Attachment    1 2 3 4 5 
 Auxiliary fuel can    1 2 3 4 5 

 Shaded cargo bed    1 2 3 4 5 
 Emergency road side repair kit   1 2 3 4 5 
 Spare tire     1 2 3 4 5 
 Trailer hitch     1 2 3 4 5 
 Winch     1 2 3 4 5 

 Driver/passenger seat belt   1 2 3 4 5 
 Fire Extinguisher    1 2 3 4 5 
 First Aid Kit     1 2 3 4 5 
 Cargo Bed Step Ladder    1 2 3 4 5 

 Ability to transport fragile cargo   1 2 3 4 5 
 Ability to transport patients   1 2 3 4 5  

 Ease of Maintenance    1 2 3 4 5 
 Waterproof Passenger/Cargo   1 2 3 4 5 
 
  
Please elaborate on any other suggestions.  

____________________________________________________________________________________________
____________________________________________________________________________________________
_______________________________________________________________________________ 

 
 

 
Thank you for participating in this important basic utility vehicle evaluation survey.  Your input is important and greatly 
appreciated. 
 
-2008 UC CAS BUV Team – J. Brinkerhoff, M. Knapp, A. Malatesta, A. Morison 
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APPENDIX D: SURVEY RESULTS 
 
There are 22 completed surveys in the results listed below.  These surveys are collected from Peace Corp Members in Africa thanks to the assistant 
of Ellen Brinkerhoff. 
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APPENDIX E: QFD 

 
*NOTE: Reference above survey results for color coding. 
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APPENDIX F:  MODULAR CARGO BED AND ELECTRICAL SYSTEM 
PROPOSED BUDGET 
 
2008 UC BUV Team 
BUV Budget – Modular Cargo Bed/Electrical Systems 
J. Brinkerhoff 
 
 
COMPONENT      PRICE 
 
Roll Bar       $40 
Metal Framing       $100 
2”x4”        $80 
Plywood       $40 
Hardware       $30 
Hinges        $40 
Cargo Netting       $80 
Limit Switch       $30 
Wire        $15 
Hardware (Electrical)      $15 
Solar Panels       $150 
Charge Controller      $60 
Deep Cell Battery      $50 
Canopy        $50 
Additional Cost (20% of total)     $130 
 
Mod. Cargo Bed/Electrical Subtotal     $915 
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APPENDIX G: BUV PROPOSED 
BUDGET 
 
2008 UC BUV Team 
BUV Budget 
J. Brinkerhoff, M. Knapp, A. Malatesta, and 
A. Morison 
 
BUV Sub-Assemblies 
 
1. Drive Train Total 
 
2. Front Unit/Suspension 
 
3. Rear Clip/Chassis 
 
4. Cargo-Passenger Bed/Electrical 
 
TOTAL 
_________________________________ 
 
Andrew Malatesta 
1. Drive Train Break Down 
COMPONENT     

Engine  
Transmission 
Belts/Chains/Driveshaft   
Pulleys/Sprockets    
Clutch 
Mounts 
Bearings 
Shift Linkage 
Throttle 
Bolts 
Shaft 
Additional Cost (20% of total) 
 
Drive Train Subtotal 
 
Andrew Morison 
2. Suspension Break Down 
 
Steel Tubing 
Bushings  
Shocks 
Steering Head Bearings 
Steel Plate 
 
 
 

 
 

 
 
 
 
 
 
 

PRICE 
 

$1,320 
 

$1,320 
 

$985 
 

$915 
 

$4,540 
_________________________________ 
 
 
 

PRICE 
 

FREE 
$350 
$100 
$50 

$200 
$80 
$50 
$70 

$120 
$10 
$50 

$240 
 

$1320 
 
 
 
 

$200 
$6 

$300 
$20 

$100 
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2. Suspension Cont’d 
COMPONENT 
 
Handlebars 
Front Rim 
Front Tire 
Front Brakes 
Axle 
Bolts 
Seat 
Leaf Springs 
Additional Cost (20% of total) 
 
Suspension Subtotal 
 
 
Marcus Knapp 
3. Chassis Break Down 
 
Front Clip Frame 
Floor Board – Front Clip 
Hardware 
Welding 
Paint 
Rear Clip Frame 
Additional Cost (20% of total) 
 
Chassis Subtotal 
 
 
Josiah Brinkerhoff 
4. Cargo-Passenger Bed/Electrical 
 
Roll Bar 
Metal Tubing 
2”x4” 
Plywood 
Hardware 
Hinges 
Cargo Netting 
Limit Switch 
Wire 
Hardware (Electrical) 
Solar Panels 
Charge Controller 
Deep Cell Battery 
 
 
 

 

 
 
 
 

$20 
$150 
$70 

$100 
$15 
$25 
$30 
$60 

$220 
 

$1320 
 
 
 
 
 

$300 
$125 
$20 

$200 
$25 

$150 
$165 

 
$985 

 
 
 
 
 

$40 
$100 
$80 
$40 
$30 
$40 
$80 
$30 
$15 
$20 

$150 
$60 
$50 
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4. Cargo-Passenger Bed/Electrical Cont’d 
COMPONENT 
 
Canopy 
Additional Cost (20% of total) 
 
Mod. Cargo Bed/Electrical Subtotal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

$50 
$130 

 
$915 
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APPENDIX H: MODULAR CARGO BED AND ELECTRICAL SYSTEM PROPOSED SCHEDULE 
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APPENDIX I: BUV TEAM PROPOSED SCHEDULE 
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APPENDIX J: WEIGHTED DECISION MATRICES 
 
Concept Weighted Decision Matrix 

 
Material Weighted Decision Matrix 
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APPENDIX K: DETAILED DRAWINGS 
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APPENDIX L: DESIGN ANALYSIS 
 
Analysis of Seats 
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APPENDIX M: BILL OF MATERIALS 
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APPENDIX N: 2008 BUV COMPETITION RESULTS 

 


	abstract
	acknowledgements
	TABLE OF CONTENTS
	List of figures
	List of tables
	Introduction
	IAT Challenge
	Problem Statement

	Research
	previous buv’s
	products on the market
	Cargo Bed Material
	Cargo Bed Features
	Electrical Systems

	Electrical systems of specific vehicles
	Power consumption for auxiliary equipment

	Customer requirements
	Product objectives
	Design Alternatives and selection
	Modular Cargo Bed
	Concept 1: Theatre Style Seating:
	Concept 2: Bench Style Seating
	Concept 3: Full Cargo Seating

	Electrical System
	Design Selection
	Concept Weighted Decision Matrix
	Material Weight Decision Matrix


	Final design drawings
	The frame
	Seating

	Loading conditions and design analysis
	Design Analysis

	Component selection and Bill of materials
	fabrication and assembly
	cargo bed fabrication
	Cargo Bed Frame
	Cargo Bed Seats
	Cargo Bed Flooring
	Cargo Bed Canopy
	Cargo Bed Assembly


	1TTesting and results
	Project management
	budget
	schedule

	ConClusion: future action items
	Works Cited
	appendix a: IAT’s 2008 BUV Design specs
	appendix b: research
	Previous BUV Vehicles
	Products on the market

	appendix C: survey
	appendix d: survey results
	appendix E: qfd
	appendix F:  Modular cargo bed and electrical system proposed budget
	appendix G: BUV proposed Budget
	appendix h: modular cargo bed and electrical system proposed schedule
	appendix i: buv team proposed schedule
	Appendix J: weighted decision matrices
	Appendix k: detailed drawings
	Appendix l: Design analysis
	appendix m: bill of materials
	appendix n: 2008 BUV Competition results

