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ABSTRACT 

 

 The Institute for Affordable Transportation (IAT) has initiated a movement to improve the 

quality of life in developing countries by facilitating the spread of basic utility vehicles (BUV) that 

can be assembled almost anywhere by nearly anyone.  The aim of the 2008 UC BUV team is to create  

a basic utility vehicle that will be inexpensive to build and assemble, while at the same time being 

multi-functional and innovative. 

 The design of the BUV has been broken down into four subassemblies: drivetrain by Andrew 

Malatesta, chassis by Marcus Knapp, suspension by Andrew Morison, and electrical system and 

cargo bed by Josiah Brinkerhoff.  Also, Josiah Brinkerhoff was nominated to act as project manager. 

 To ensure thorough design of the best possible BUV, the following steps were follwed.    

Twenty-two members of the Peace Corps in Africa were surveyed to get customer feedback about 

expectations for the BUV.  The results of the surveys indicated that ease of maintenance was the most 

important customer requirement pertaining to the drivetrain.   

 The following product objectives were formed for the BUV drivetrain based on the IAT 

specifications:   

 Allow for a maximum of 20 mph top speed 

 Ensure the ability to pull payload of 1200 lbs 

 Provide a mechanical-powered reverse 

 Utilize an engine with no more than 10 hp 

 Provide a minimum of 10.5” ground clearance 

 Provide a steering mounted throttle near the left hand of the driver 

 

 A proof of design statement was drafted as a contractual agreement of the requirements the 

drivetrain must meet in order to be considered a succesful design.  Three different preliminary design 

concepts were then devised that would fullfill the proof of design, which were as follows:   

 Preliminary design concept 1: clutch and chain drive 

 Preliminary design concept 2: clutch and belt drive 

 Preliminary design concept 3: cvt and driveshaft 

 

 A weighted decision matrix was then utilized to determine that the best candidate for further 

design was the clutch and belt drive configuration.  Based on this concept, detailed design was carried 

out to determine the end drivetrain setup and all the components, manufactured and purchased, that 

would be used.  The fabrication and plans for assembly were discussed after the design process.  
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 The drivetrain of the BUV was then tested to proove that the design was successful.  The results 

of the testing were as follows: 

 Top speed of the BUV:   16 miles per hour   √ 

 Payload capacity of the BUV:  1200 pounds    √ 

 Mechanical-powered reverse:  Yes     √ 

 Engine power:    9.1 horsepower    √ 

 Ground clearance:   11 inches    √ 

 Throttle location:   Near driver’s left hand   √ 

  

 Finally, a bill of materials was created and comared to the original budget proposed for the 

drivetrain to ensure that the cost to manufacture did not excede the finances available.  The total 

budget of the BUV was set at $4,600 with $1,360 being allocated to drivetrain components.  A total 

of $1,355 of the $1,360 proposed budget was actually used for the complete drivetrain.   
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INTRODUCTION 
 

 

 The basic utility vehicle (BUV) is a nationally recognized project that is organized and 

maintained by the Institute for Affordable Transportation (IAT).  The vision for the BUV is to 

provide the people of developing countries with a means of cheap and reliable transportation.  BUVs 

can be used to transport children to schools or orphanages, to pump and carry water or crops to arid 

locations, or even to provide work for the poor in the form of manufacturing the BUV itself.  IAT 

hosts a yearly competition that attracts many students from around the nation to participate in the 

design, build and trial of basic utility vehicles.  This gives the students the opportunity to explore and 

expand upon their existing techinal capabilities, while feeling a sense of philanthropical 

accomplishment.   

 In April of 2008,  the eighth annual IAT-hosted BUV competition will be held in its usual 

location of Indianapolis, Indiana.  The rigorous BUV testing that occurs during this competition 

includes an endurance run, an acceleration test, a mud crossing,  an agility course, an obstacle course, 

and a mogul field.  Each team’s BUV entry is graded by a panel of judges based on its performance in 

all of the competition events.  The team that has achieved the highest score total at the end of the 

competition will win and be considered for further BUV product development. 

 Innovation is highly encouraged in the development of the BUV; however, there are specific 

requirements provided by IAT that must be met as described in the Institute for Affordable 

Transportation Specifications. (1)  This competition provides a good opportunity to be creative, while 

at the same time learning to work within a given set of guidelines, which is often the case with  real 

world product development.  Students will have to work closely as a team in order to ensure fluid 

meshing of all design components and an end result of a low cost, high efficiency BUV. 
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THE NEED FOR A BASIC UTILITY VEHICLE 

 

 PROBLEM  STATEMENT 

 The focus of the 2008 UC BUV team project is based on the need for sources of cheap and 

reliable transportation in third world countries.  According to the specifications stated in the Institute 

for Affordable Transportation guidelines, this vehicle must be able to carry at least a 1200 pound 

payload and must also be capable of transporting children.  In addition, the vehicle must be easily 

maintained and cheap to repair with parts readily available in the region.  More IAT requirements can 

be found in Appendix A.  The vehicle will be funded entirely by the students designing it, with the 

possibility of additional support from any company sponsors that may wish to contribute.  The 

position of team manager has been assigned to Josiah Brinkerhoff, and Dr. Janak Dave will be 

advising the project, which will be broken down into four subassemblies; each delegated to one 

member of the group as follows:   

 

 Drive Train – Andrew Malatesta 

 Chassis – Marcus Knapp 

 Suspension – Andrew Morison 

 Electrical System and Cargo Bed – Josiah Brinkerhoff 

 

RESEARCH 

 Multiple products are currently on the market that perform the same basic functions that are 

required by IAT.  The largest discrepency between the existing products and the goal for the BUV is 

the cost.  Current utility vehicles are typically well over $4000, which makes them very unreasonable 

for impoverished countries.  There are, however, many concepts that can be taken from these 

products.  A range of drive train components in various configurations are currently used on marketed 

utility vehicles.  However, all of the utility vehicles researched can be broken into groups based on 

the type of transmission used, which are as follows. 

 

 Continuously Variable Transmissions (CVT) 

 Basic Manual Transmissions 

 Hydrostatic Transmissions 
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CONTINUOUSLY VARIABLE TRANSMISSIONS 

 A continuously variable transmission (CVT) is a transmission which can change steplessly 

through an infinite number of effective gear ratios between maximum and minimum values. This 

contrasts with other mechanical transmissions that only allow a few different discrete gear ratios to be 

selected. The flexibility of a CVT allows the driving shaft to maintain a constant angular velocity 

over a range of output velocities. This can provide better fuel economy than other transmissions by 

enabling the engine to run at its most efficient revolutions per minute (RPM) for a range of vehicle 

speeds. (2) 

 The E-Z-GO ST 350 utility vehicle shown in Figure 1 uses a CVT to transmit the power from its 

11.0 hp Subaru engine to the wheels.  This model is an automatic with both forward and reverse 

gears. However, the ST 350 can only carry an 800 lb load which is too low based on the IAT 

specifications.  It also comes at a price of $5000, which was one of the lower priced utility vehicles 

researched, but still too high for use in developing countries. 

 

Figure 1 – E-Z-GO Trail Utility Vehicle   

 

 The Kawasaki Mule 600 shown in Figure 2 is another utility vehicle that utilizes a CVT 

tranmission.  A single-cylinder 401 cc engine powers the vehicle through the belt driven CVT, to a 

drive shaft and dual mode rear differential that can be locked to maximize traction on adverse terrain.  

The Mule features a 25 mph top speed and has both forward and reverse gears.  The payload capacity 

of 926 lb is a little low for IAT, and again the price is high at $5899. 

  
Figure 2 – Kawasaki Mule 600 Utility Vehicle  

 

http://en.wikipedia.org/wiki/Gear_ratio
http://en.wikipedia.org/wiki/Fuel_economy_in_automobiles
http://en.wikipedia.org/wiki/Engine
http://en.wikipedia.org/wiki/Revolutions_per_minute
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 The third utility vehicle researched was the 2007 UC Mini Baja car shown in Figure 3.  This 

used a CVT to transmit the power from a 10.0 hp Briggs and Stratton engine, which was then chain 

driven from an additional gearbox.  The Mini Baja car had forward and reverse gears, but was 

designed strictly for high-speed, low-torque racing.  This is not an ideal use of power for the BUV 

because it will have to be capable of moving payloads up to 1200 lbs, but the fact that the design is 

very fundamental and incorporates a CVT is something that could be used for this year’s BUV. 

 
Figure 3 – 2007 UC Mini Baja Car  

 

BASIC MANUAL TRANSMISSIONS 

 The only utility vehicle that used a basic manual transmission was the 2006 UC Basic Utility 

Vehicle shown in Figure 4.  The 2006 UC BUV used an 8.5 hp Kohler engine as its power source.  

Then, a centrifugal clutch and a chain drive were used to transfer power to the manual transmission, 

which finally connected to the differental through a drive shaft.  This BUV met all of the IAT 

specifications, but there were some problems with the design.  The 40 series chain used in the chain 

drive stretched quite a bit more than anticipated, which resulted in excessive slack.  Also, during the 

competition, the welding broke, rendering the BUV undriveable.  It was recommended that if a 

centrifugal clutch is used in future designs, that it be kept completely dry.  Most impressively, the 

2006 BUV drive train only cost $882. 

 
Figure 4 – 2006 UC Basic Utility Vehicle  
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HYDROSTATIC TRANSMISSIONS 

 Hydrostatic transmissions use a variable displacement pump and a hydraulic motor. All power is 

transmitted by hydraulic fluid. These types can generally transmit more torque, but can be sensitive to 

contamination. Some designs are also very expensive. However, they have the advantage that the 

hydraulic motor can be mounted directly to the wheel hub, allowing a more flexible suspension 

system and eliminating efficiency losses from friction in the drive shaft and differential components. 

This type of transmission is relatively easy to use because all forward and reverse speeds can be 

accessed using a single lever. (3) 

 The Kubota RTV 900 utility vehicle shown in Figure 5 uses a hydrostatic transmission to 

transmit power from a 21.0 hp three-cylinder diesel engine to the wheels.  The RTV 900 is capable of 

both 2WD and 4WD, and has three forward gears in addition to a reverse gear.  The top speed is 25 

mph and it can carry a payload of 1100 lb.  While the engine produces about twice the allowable 

power according to IAT, the use of a hydrostatic transmission is a novel idea because it allows for 

smooth starts on hills and extreme breaking on descents.  One more interesting feature on the Kubota 

is that it has a hydraulic bed lift which acts similarly to a dump truck.  The downfall of this design is 

the cost.  The Kubota RTV 900 comes with a price tag of $11,599 which is completely unreasonable 

for a BUV. 

 
Figure 5 – Kubota RTV 900 Utility Vehicle  

 

RESEARCH SUMMARY 

 A CVT transmission seems to be a very viable option for the BUV design with the advantage of 

having a nearly limitless amount of gear ratios providing maximum performance from the engine at 

varying output speeds.  The disadvantage is that it has a higher cost than a basic manual transmission. 

 A basic manual transmission has the advantage of being simple and relatively cheap.  With the 

simplicity comes a certain ease of maintenance, which is important in any design.  The disadvantage 

is that there is only a limited number of gear ratios to choose from once installed. 

http://en.wikipedia.org/wiki/Variable_displacement_pump
http://en.wikipedia.org/wiki/Hydraulic_fluid
http://en.wikipedia.org/wiki/Differential_%28automotive%29
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 A hydrostatic transmission has the advantage of smooth starts on hills and great braking power 

on descents.  However, the disadvantage is that hydrostatic transmissions can be extremely expensive 

in comparison to the other two types of transmissions.  More detailed specifications of the researched 

utility vehicles can be found in Appendix B. 

 

SURVEY RESULTS 

 A rating-style survey was composed and distributed to 22 members of the Peace Corps who have 

been to Africa and had experience with transportation issues.  Based on the 22 responses, a 

spreadsheet was created to tabulate the average customer rating for each requirement inquired about, 

and the sorted results are listed in Table 1.  The top five customer features were paid the most 

attention.  Also, from the customer survey it was determined that the most common terrain the BUV 

would have to traverse would be sand and gravel.  This type of terrain affected what method of power 

transmission was chosen for the drivetrain.  A sample copy of the distributed survey can be found in 

Appendix C, and the tabulated results of the survey are listed in Appendix D. 

 

Table 1 – Sorted List of Survey Results 

Customer Features Average Customer Rating (Out of 5) 

Spare tire 4.86 

Emergency road side repair kit 4.77 

Ease of maintenance 4.64 

Auxiliary fuel can 4.05 

Driver/passenger seat belt 4.05 

Auxiliary lights 3.68 

First aid Kit 3.64 

Shaded cargo bed 3.45 

Ability to transport patients 3.27 

Trailer hitch 3.18 

Winch 3.14 

Ability to transport fragile cargo 3.09 

Fire extinguisher 3.09 

Medical devices 2.86 

Cargo bed step ladder 2.73 
Water pump attachment 2.68 

Waterproof passenger/cargo 2.50 

Bug shield passenger/cargo 2.32 

Plow attachment 2.27 
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FINDING THE BEST POSSIBLE SOLUTION 

  

CUSTOMER REQUIREMENTS 
 

 Customer requirements are the needs of the customer that must be satisfied in order to 

completely and thoroughly solve the ploblem described in the initial problem statement phase of the 

product development.  Table 2 lists the top five customer requirements for the 2008 UC BUV as 

determined from the survey results. 

 

Table 2 – Customer Requirements 

Spare tire 

Emergency road side repair kit 

Ease of maintenance 

Auxiliary fuel can 

Driver/passenger seat belt 

 

 

 ENGINEERING CHARACTERISTICS 
 

 Once the customer requirements and possible engineering characteristics were determined, they 

were combined with the survey results to form the quality function deployment matrix.  The results of 

the QFD matrix showed that the four most important engineering characteristics to focus on in the 

design of the 2008 UC BUV were as listed in Table 3.  The full QFD can be found in Appendix E.   

 

Table 3 – Engineering Characteristics 

Engineering Characteristics Relative Weight (%) 

Fabrication time 14.0 

Number of auxiliary components 13.8 

Number of parts  13.6 

Cost of manufacture 12.5 
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PRODUCT OBJECTIVES 

 The IAT has specified that all BUVs must meet the product objectives listed in Table 4.  Also 

shown in Table 4 is the method that was used to test each product objective to ensure that the BUV 

had met all of the IAT specifications. 

 

Table 4 – BUV Drive Train Objectives 

Product Objective Method of Testing 

BUV will have 20 mph top speed on a grass 
surface under minimum load 

A stopwatch will time the BUV over a known 
distance to verify the BUV goes under 20 mph  

BUV will be capable of pulling 1200 lb payload 
including the driver 

BUV will be loaded with 1000 lbs of sand and 
visually inspected for movement  

BUV will have a mechanical powered reverse  
BUV will be shifted into reverse gear and 

visually inspected for reverse motion  

BUV will have a 10.0 hp engine 
Engine product specification sheet will show 

the output power of the engine  
BUV will have minimum ground clearance of 

10.5 inches w/out differential 
Tape measure will be used to measure the 

distance between the ground and BUV  
BUV will have a steering mounted throttle near 

the driver’s left hand 
BUV will be visually inspected for a throttle 

near the driver’s left hand  
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CONCEPTUAL DESIGN 

 

 A proof of design statement was drafted as a contractual agreement of the requirements the 

drivetrain must meet in order to be considered a succesful design.  The proof of design statement can 

be found in Appendix F.  Based on this statement, three concepts were devised that would fullfill the 

requirements set forth by the IAT. 

 

PRELIMINARY DESIGN CONCEPT 1: CLUTCH – CHAIN DRIVE 

 Preliminary design concept 1 can be seen in Figure 6.  This concept incorporates an engine that 

drives an intermediate shaft via a centrifugal clutch.  The intermediate shaft in turn drives a transaxle 

via a chain drive. 

 

 
Figure 6 – Preliminary Design Concept 1: Clutch-Chain Drive 

  

This design is fairly straightforward and minimizes the number of custom components required for 

operation.  Aside from a mounting frame, the only major manufactured component necessary for this 

design would be the intermediate shaft; everything else would be off-the-shelf.  The transaxle would 
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have forward, neutral and reverse gear selection.  The combination of the centrifugal clutch, chain 

drive sprockets and transaxle gearing would provide the necessary gear ratios needed in order to 

satisfy the performance requirements set forth by the IAT.  The fact that this design incorporates a 

chain drive means that regular lubrication will be required, and the chain will need to be protected 

from the outside elements to eliminate the possibility of contaminants interfering with the operation 

of the chain and sprockets.  The use of the transaxle would also require the existing differential to be 

removed from the frame.  The primary advantage of using a chain drive is that they tend to be 

relatively durable provided they are properly maintained. 

 

PRELIMINARY DESIGN CONCEPT 2: CLUTCH – BELT DRIVE 

 Preliminary design concept 2 can be seen in Figure 7.  This concept incorporates an engine that 

drives an intermediate shaft via a centrifugal clutch.  This design differs from the first concept in that 

the intermediate shaft in turn drives a transaxle via a belt drive rather than a chain. 

 

 
Figure 7 – Preliminary Design Concept 2: Clutch-Belt Drive 
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 This concept would incorporate the same engine, centrifugal clutch, and transaxle from the first 

concept.  Again, the only major manufactured component other than a mounting frame would be the 

intermediate shaft.  The downside to using a timing belt is the high amount of tension that must be 

constantly maintained between the drive and driven sheaves.  This will promote faster wear of the 

intermediate shaft as it will have more bending force acting on it.  The primary advantage of using a 

timing belt drive is that once it is installed, there is no need for preventative maintanence such as 

lubrication. 

 

PRELIMINARY DESIGN CONCEPT 3: CVT – DRIVESHAFT 

 Preliminary design concept 3 can be seen in Figure 8.  This concept incorporates an engine that 

transmits power to a transmission using a CVT.  From the transmission, a driveshaft transmits power 

to the differential. 

 

 
Figure 8 – Preliminary Design Concept 3: CVT-Driveshaft 

  

 This design is slightly more complex than the other two concepts.   The transmission would have 

two speed selections; a low gear would be selected to begin moving a heavy load, and then a high 

gear would be selected to get the utility vehicle up to speed.  The driveshaft would have to be custom 

made to fit the output shaft on the transmission and the input of the differential, and an additional 
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motor for reverse would probably be needed.  This setup would be quite expensive in comparison to 

the other two designs due to the fact that there are more costly components .  The advantage of using 

a driveshaft is that there would be no need to remove the existing differential from the truck, and it 

decreases the danger of contaminants hindering the overall performance. 

 

DESIGN SELECTION 

 Of the three preliminary design concepts explained in the previous section, one needed to be 

selected for further detailed design.  It makes sense that the chosen concept should provide the best 

possible solution to the design problem, so analytical selection tools of product development were 

employed.  The method utilized to single out the best concept was the weighted decision matrix.  The 

weighted decision matrix is a method that uses weighted desision criteria and a system of scoring to 

determine the best possible solution from a pool of design alternatives.  The weighted decision matrix 

for the drivetrain of the BUV is shown in Table 5.   

  

Table 5 – Weighted Decision Matrix 

 

 

 The criteria and the respective weight factors used in the weighted decision matrix came from 

the engineering characteristics determined earlier.  Each concept was rated as low, medium, or high in 

magnitude based on how it related to each of the decision criteria, and from these magnitudes, a 

relative score was given on a scale from one to five (five being the best).  The weight factors of the 

design criteria were then calculated into the scores, the ratings were totaled, and the concept with the 

highest total rating was decided to be the best possible solution.  It is seen that “Concept 2 – Clutch 

and Belt Drive” scored the highest with a total of 4.23 out of 5.00.  The clutch and belt drive 

configuration would require an average amount of fabrication time, auxiliary components, and total 

parts at a low cost of manufacture, and thus it was the concept that was chosen for further detailed 

design.   
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DETAILED DESIGN 

 

 The detailed design of the drivetrain includes all of the calculations used to determine sizes and 

configuration of all required parts as well as the selection of all purchased components.  The design of 

the 2008 UC BUV required all of the members of the design group to work together and 

communicate clearly to one another.  The space claim and relative dimensions of the drivetrain 

components needed to be congruent with the frame and certain suspension components to ensure 

proper fit and no interference.  Keeping this in mind, the detailed design of the drivetrain began with 

the selection of some of its main components. 

 

ENGINE SELECTION 

 Early in the conceptual stage of the drivetrain development, the IAT presented the group with the 

opportunity to use one of two engines that they would provide at no cost.  The first was a Briggs and 

Stratton gasoline engine, and the other was a Yanmar L100V diesel engine.  The Yanmar had not  

been used in any of the previous BUVs, and it was a more efficient and higher quality engine.  In 

addition, the Yanmar L100V can easily use biodiesel fuel, which makes it more versatile in 

impoverished areas of the world.  The only downside to the Yanmar engine was that it weighed 

approximately thirty pounds more than the Briggs and Stratton.  Noting that the versatility, efficiency, 

quality, and novelty of using an engine previously unused in an IAT competition far outweighed the 

thirty-pound difference, the choice was quite obvious.  The engine selected to drive the 2008 UC 

BUV was the Yanmar L100V diesel engine shown in Figure 9.   
 

 
Figure 9 – Yanmar L100V Diesel Engine 
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 The Yanmar L100V meets all of the IAT requirements for the engine and weighs approximately 

120 lbs.  The engine is rated at 8.3 continuous horsepower at 3600 rpm, and has a max torque of 14 

ft-lbs @ 3600 rpm.  The engine also comes with a starting motor, an attached muffler, and a keyed 

ignition, among other features.   

 

TRANSAXLE SELECTION 

 The transaxle to be used in the 2008 UC BUV was also selected early in the conceptual stage of 

the drivetrain development.  The IAT offered the option of purchasing a Tuff Torq transaxle at a 

highly discounted price of $350.  The Tuff Torq KT35 transaxle boasts a 15:1 gear reduction, and 

selection of forward, neutral and reverse.  The KT35 also has a splined input shaft at the top of the 

casing and two splined output shafts: one on each side parallel to the input shaft.  One appealing 

aspect of the Tuff Torq KT35 transaxle was the unusually large gear reduction in such a small casing 

that will help provide the low end torque needed to begin moving a large payload with a relatively 

small engine.  Another key aspect of the KT35 is that it has internal disc brakes on each side, which is 

extremely beneficial for the fact that it allows independent braking of each axle, and this will allow 

for much sharper turning.  It was decided to use the Tuff Torque KT35 as part of the power 

transmitting gear train of the 2008 UC BUV, and it is shown in Figure 10.   

 

 

Figure 10 – Tuff Torq KT35 Transaxle 

 

 The Tuff Torq KT35 weighs approximately 65 lbs.  It is rated at a maximum input speed of 3700 

rpm and a maximum tire diameter of 25 inches.  The brakes are rated at a static braking capacity of 

315 ft-lb on each side.   
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REQUIRED GEAR RATIOS 

 It was necessary to determine the gear ratios required to achieve the required torque and the 

necessary top speed.   Initially, it was determined that a minimum of two forward gears with different 

ratios would be required.  One ratio would need to be a low-end gear that would provide a very high 

gear ratio to begin motion of a fully loaded BUV.  The other required ratio would need to be a high-

end gear that would provide a lower gear ratio to achieve more speed once the BUV is already in 

motion. 

 The required torque to begin motion of the BUV was calculated from the force required to 

overcome the static inertia of the BUVwhen fully loaded.  It was determined that a minimum torque 

of 1180 ft-lb would be required in a worst-case scenario of the BUV initiating motion up a 20˚ incline 

fully loaded with 1200 lbs.  These are the most extreme conditions required to design for according to 

IAT.  Using the minimum required torque and the rated engine torque, the minimum low gear ratio 

was calculated to be 84.3:1.  

 The required maximum top speed of the BUV was set at 20 miles per hour by IAT.  The 

minimum required high gear ratio required to reach the top speed was determined using the engine 

rpm of 3600, an expected tire diameter of 25 inches, and the desired top speed of 20 mph.  From these 

initial criteria the minimum required high gear ratio was calculated to be 13.4:1. 

 It should be noted that the most important aspect of the performance of the BUV is the torque.  

Since there was no minimum speed set by the IAT specifications, it was only mandatory that the 

BUV did not exceed 20 mph, so a trade-off of top speed for additional low-end torque would be quite 

acceptable.  However, the previously metioned low gear and high gear ratios would provide nominal 

performance, and thus should be approximated as closely as possible, making sure the minimum low 

gear ratio is achieved.  All gear ratio calculations can be found in Appendix G. 

 

CLUTCH SELECTION 

 The clutch is the first power transmitting component in a series that transmits the power from the 

engine to the wheels.  Looking at previous BUVs led to the discovery of centrifugal clutches and their 

successful operation in the past.  Centrifugal clutches have many advantages over other types of 

clutches.  Most notably, there is no need for the driver to manually engage a centrifugal clutch since it 

automatically engages at a rated rpm.  The exact rotational speed that the clutch engages at is 

determined by the spring constant of the internal springs that stretch as rotational speed increases the 

force on the springs from attached metal weights, so engagement speed can be adjusted as needed 

with spring kits that can be purchased from various suppliers.  Also, centrifugal clutches provide 
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smooth operation between a limiting low gear ratio and a limiting high gear ratio, which is exactly 

what is needed for the 2008 UC BUV.   

 When one pulley increases its radius, the other decreases its radius to keep the belt tight. As the 

two pulleys change their radii relative to one another, they create an infinite number of gear ratios -- 

from low to high and everything in between. For example, when the pitch radius is small on the 

driving pulley and large on the driven pulley, then the rotational speed of the driven pulley decreases, 

resulting in a lower “gear.” When the pitch radius is large on the driving pulley and small on the 

driven pulley, then the rotational speed of the driven pulley increases, resulting in a higher “gear.”  

An illustration of the low and high gears of a centrifugal clutch is shown in Figure 11. (4) 
 

   
Figure 11 – Illustration of Low Gear and High Gear Configurations of a Centrifugal Clutch 

 

 Quality Drive Systems in Alhambra, California is a distributer of Comet centrifugal clutches that 

sponsors many university affiliated projects, and has provided many previous BUV teams with highly 

discounted components.  The previous UC BUVs used Comet 40 series centrifugal clutches and 

seemed to be quite successful, but this particular clutch only provided a 2.83:1 gear ratio.  Upon 

further investigation, a Comet 770 series centrifugal clutch was found to provide a much better range 

of ratios.  The 770 series provides a 3.95:1 low gear ratio and a 0.76:1 high gear ratio.  Also, the 

Comet 770 series clutch is rated for engines up to 18 horsepower and a maximum rotational speed of 

5,500 rpm, which would provide a safety factor of 2.1.  Considering the wide range of gear ratios and 

the highly discounted cost, the Comet 770 series centrifugal clutch was selected as a primary power 

transmitting device for the 2008 UC BUV.   

 The gear ratios of the Comet 770 series centrifugal clutch and the 15:1 gear reduction of the Tuff 

Torq KT35 transaxle were combined to determine the new low gear and high gear ratios.  The 

resulting low gear ratio was calculated to be 59.3:1, and the resulting high gear ratio was calculated to 

be 11.4:1.  As previously explained, the emphasis was on achieving the desired low gear ratio of 
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83.4:1, so an additional gear ratio of at least 1.43:1 had to be introduced to the drivetrain by way of a 

final belt drive. 

 

 BELT DRIVE SELECTION 

 There are two primary types of belt drives available: V-belt drives and synchronous belt drives.  

V-belt drives are typically less expensive, but require an additional tensioner because the belts can 

stretch, causing slippage.  A picture of a common V-belt is shown in Figure 12.  Synchronous belt 

drives are typically more expensive than V-belt drives, but the belts and sheaves have mating teeth 

that will not slip even when wet.  A picture of a common synchronous belt is shown in Figure 13.  

Also, the synchronous belt must be installed under a high amount of tension since the belts are lined 

with kevlar for high strength and durability, but no additional tensioning device is required as is the 

case with the V-belt drive.   
 

     

    

  

 Design calculations for a V-belt drive were initially carried out due to the fact that they are 

typically much more cost effective than synchronous belts.  However, with the small availability of 

space, the loading conditions, and the power to be transmitted taken into account, this application 

would demand a minimum of a four-groove sheave.  That means that the sheaves would be more 

expensive than typical one or two-groove sheaves and four individual V-belts would be required.  At 

this point, the cost of the V-belt drive would be approximately the same as a synchronous belt drive 

and much more complex sinch it would incorporate more components. 

 Finding that the difference in cost of the V-belt drive and Synchronous belt drive systems would 

be negligible, a suitable synchronous belt drive system was designed.  Aside from cost, nearly every 

aspect of a synchronous belt drive is superior to V-belt drives.  A program offered by Gates 

Corporation called Design Flex Pro was utilized to size the appropriate synchronous belt drive.  The 

known input parameters were transcribed into the program including the driving power, rpm, desired 

speed ratio, and nominal center distance.  Once the input parameters were copied into the program, a 

Figure 13 – Standard Synchronous Belt Figure 12 – Standard V Belt  
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list of suitable configurations specific to the 2008 UC BUV application were displayed.  From this 

list, the best match was selected  based on spacing and size requirements.  Constrained by the shape 

of the  transaxle housing, the maximum diameter the driven sheave could be was approximately six 

inches, so a configuration with a driven sheave that fit this requirement was selected.  Once selected, 

the program gave the exact model numbers for the driver sheave, driven sheave, and belt.  The 

program also noted that this synchronous belt drive system had a safety factor of 1.6, which was 

explained by an engineer at the Gates Corporation to be quite good for the application. (5)  Snapshots 

of the design program and its outputs can be found in Appendix H. 

 Mike Brace, a representative of Emerson Power Transmission (EPT) in Maysville, Kentucky 

was contacted early in the design about the belt drive components, and assistance was provided from 

him throughout the course of the design process. (6)   Since EPT is not a supplier of Gates drive 

components, an offer was made to supply the 2008 UC BUV team with Browning sheaves, bushings, 

and a synchronous belt of the same specifications provided by the Gates Design Flex Pro Program.  

These components were donated at no charge to the team, providing great savings. 

 The gear ratio of the synchronous belt drive was actually 1.45:1.  Combining this with the gear 

ratios of the transaxle and the centrifugal clutch, the final low gear ratio obtained was 85.9:1, and the 

final high gear ratio obtained was 16.5:1.  This range of gear ratios resulted in a final torque of 1203 

ft-lb, and a final top speed of 16.2 miles per hour.  These final performance specifications satisfied 

the requirements for the 2008 UC BUV, so the next step was to design the power-transmitting 

intermediate shaft. 

 

INTERMEDIATE SHAFT DESIGN 

 The intermediate shaft transmits power from the centrifugal clutch to the synchronous belt drive.  

Since all of the drive components had already been selected, it had to be varified that a shaft diameter 

that fits the bore on each component would provide the proper strength to ensure succesful operation 

and a reasonable life cycle.  To do this, the minimum shaft diameter at each component location was 

calculated utilizing the principles and equations described in the fourth edition of the Machine 

Elements in Mechanical Design text book. (7) 

 First, a material was selected for the basis of all calculations for the intermediate shaft.  A fairly 

common material used in power-transmitting shafts is 4340 HR Q&T steel.  It has a high yield 

strength of 190 ksi, a high endurance strength of 68 ksi, and a moderate ductility of 12%, so 4340 

seemed to be a reasonable choice for the 2008 UC BUV.  Next, the loading conditions, shearing 

forces, and bending moments were calculated at each component location.  From the values for the 

bending moments, the minimum required shaft diameter at each component location could be 
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calculated.  All component bore diameters were cross-referenced with the minimum required shaft 

diameters to ensure that the bores were greater than or equal to the minimum required values.  

Finally, industry standard keyways and retaining ring grooves were used to secure and locate the 

components on the shaft.  An image of the intermediate shaft and all the component locations is 

shown in Figure 14. 

 

 

Figure 14 – Intermediate Shaft  

  

 The resulting minimum required shaft diameters at each component location and the actual shaft 

diameters used are listed in Table 6. 

 
Table 6 – Shaft Diameters 

Shaft Location 
(From Figure 14)  

Component Description 
Minimum Required 

Diameter 
Actual Shaft 

Diameter 

A Swing Arm Bearing 0.474” 0.750” 

B Pillow Block Bearing 0.723” 0.750” 

C Centrifugal Clutch (Driven Pulley) 0.896” 1.000” 

D Synchronous Belt Drive (Driver Sheave) 1.427” 1.500” 

E Pillow Block Bearing 0.723” 0.750” 

F Swing Arm Bearing 0.474” 0.750” 

 

All component bores required shaft diameters that met or exceeded the minimum diameter 

requirements.  The highest bending moment was calculated to be 2095 in-lb at the driver sheave of 

the synchronous belt drive, and the resulting minimum required shaft diameter was 1.427 inches.  An 

actual shaft diameter of 1.500” was utilized at this component location.  All calculations and diagrams 

for the intermediate shaft can be found in Appendix I. 

 

 

(Letters indicate part locations as shown in Table 6) 
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REAR AXLE SELECTION 

 A problem arose when the time came to design the rear axles for the BUV because they would 

have to fit onto the splined output shafts of the transaxle.  It would be quite costly to machine new 

axles and wheel hubs as well as to broach the required couplings.  At this point, an older model John 

Deere Gator 4x2 utility vehicle was researched.  The Gator used the same Tuff Torq KT35 transaxle, 

so the axles and couplings would mate perfectly with the 2008 UC BUV.   

 The ability of the axles and couplings to perform successfully was analyzed by looking at 

performance specifications and consumer ratings for the John Deere Gator 4x2.  It was determined 

that the Gator experienced operational loads comparable to those expected in the 2008 UC BUV, and 

that they would be sufficiently strong since there were no major complaints about axle breakage in 

the Gator.  To simplify the assembly process, it was determined that the wheels and matching 25 inch 

diameter heavy duty tires from the John Deere Gator should also be used since they have the same 

bolt pattern as the wheel hubs on the axles.   

 

SWING-ARM DESIGN 

 Two swing arms were designed to support the transaxle on each side and also to allow for safe 

relative movement of the transaxle with respect to the BUV.  The rear axles will be directly connected 

to the existing leafsprings of the frame, so when the BUV traverses over hills and bumps, the axles 

and transaxle will move up and down when the leaf springs flex.  In order to maintain support of the 

transaxle during operation, the use of a swing arm design was implemented.  The swing arms would 

bolt directly to the transaxle at one end and pivot on roller bearings at the other end.  The swing arms 

were designed to pivot on the same axis as the intermediate shaft that mounted the synchronous belt 

driver sheave, which would ensure no loss of center distance of the synchronous belt drive system, 

and therefore, no loss of tension.  A picture of the swing arm is shown in Figure 15. 

 

 

Figure 15 – Swing Arm 

Swing Arm Tab 

Bearing Housing 



2008 UC Basic Utility Vehicle - Drivetrain Andrew Malatesta 

21 

On the left side of the swing arm in Figure 15 is the bearing housing that holds the roller bearing that 

will fit on the intermediate shaft.  On the right side of the swing arm in Figure 15 is a tab with a 

through hole that will allow the swing arm to be bolted to the mounting hole on the transaxle. 

  Aside from the intermediate shaft, the swing arm was one of the only custom made parts used in 

the drivetrain.  Standard A36 steel 1.5” square tubing was used for the body of the swing arm.  A 

solid steel bearing housing was located at one end of the swing arm body, and a tab with a hole was 

located at the other end to allow for bolting to the transaxle.  Finite element analysis was applied to 

the tab on the swingarm, which was expected to be most likely to fail.  The factor of safety was 

shown to be 3.3 and the FEA results can be found in Appendix J. 

 

DRIVETRAIN FRAME DESIGN 

 The frame was designed to support the engine and the intermediate shaft.  A standard ladder 

style frame was chosen for simplicity and strength.  The bulk of the frame utilized the same A36 steel 

1.5” square steel tubing as the swing arms, which made manufacturing and material ordering easier.  

A 14” x 8” x 3/8” thick steel plate was introduced with slots for mounting the engine.  Also, two 

5.75” x 3” x 1.5” thick steel blocks with tapped holes were added to allow for proper location of the 

intermediate shaft, which mounts via pillow block bearings.  An image of the drivetrain frame is 

shown in Figure 16.  

 

 
Figure 16 – Drivetrain Frame 

Engine Mount Plate 

Bearing Mounts for 
Intermediate Shaft 
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DESIGN SUMMARY 

 The final design of the drivetrain is illustrated in Figure 17, 18,and 19.  Specifications and 

technical drawings of the purchased drivetrain components can be found in Appendix K.  Detailed 

drawings of all manufactured drivetrain components can be found in Appendix L,  and assembly 

drawings of the drivetrain can be found in Appendix M. 

 

 

Figure 17 – Final Drivetrain Design – Isometric 
 

 
Figure 18 – Final Drivetrain Design – Top 
 

 
Figure 19 – Final Drivetrain Design – Side 



2008 UC Basic Utility Vehicle - Drivetrain Andrew Malatesta 

23 

FABRICATION 

 

 Nearly all of the custom manufactured drivetrain parts were machined by the 2008 UC BUV 

team in the North Laboratory building at the UC College of Applied Science.  All of the structural 

tubing for the swing arms and drivetrain frame was cut to length using a horizontal bandsaw.  The 

engine mount plate and pillow block bearing mounts were machined using a vertical milling machine, 

and all holes were drilled using a drill press.  Any threaded holes were created using a tap.  The only 

components of the drivetrain that were sent out to be machined were the intermediate shaft and the 

swing arm bearing housings.  It was decided to have these components professionally machined with 

high quality equipment due to the tight tolerances required for fit and balance.  All of the 

professionally machined drivetrain components were manufactured at no cost to the team by J.F. 

Berns Company located in Cincinnati, Ohio. 

 All of the custom drivetrain components were sent to be welded by a professional welder.  This 

was decided upon due to the importance of safety and durability of the welded components during 

operation of the BUV.  The lack of welding experience among the members of the team was such that 

it justified outsourcing of the work.  Once all of the raw material required for the drivetrain frame and 

the swingarms was cut to length and machined to the proper dimensions, the parts and detail drawings 

of the desired weldments were personally delivered to Paul Lashua, a certified welder who had over 

fifteen years of experience.  Once welded, all of the components were delivered back to the team, and 

the welder was gracious enough to donate his time at a reduced rate.  The following is a list of the 

tools used to machine the custom drivetrain parts. 

 

 Horizontal bandsaw  

 Vertical milling machine 

 Drill press  

 Lathe 

 Grinding wheel 

 Standard fixturing 

 

 

ASSEMBLY 

 

 The assembly of the BUV took place in the North Laboratory builing at the UC College of 

Applied Science from February 24, 2008 through March 30, 2008.  This allowed two weeks to test 

and make any necessary adjustments to the 2008 UC BUV.  The drivetrain components were installed 
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in a particular order to ensure proper tension of all belt drives. 

 First, the drivetrain frame was located and welded in place to the chassis.  The engine was then 

mounted to the engine mount plate using four 7/16”-14 nuts and bolts.  Also, the driver pulley of the 

centrifugal clutch was set in place by a key and bolted onto the output shaft of the engine. 

 All of the necessary components were then mounted to the intermediate shaft.  The driven pulley 

of the centrifugal clutch was set in place on the shaft using a key and appropriate retaining ring to 

secure it.  Then, the driver sheave of the synchronous belt drive was set in place by locating keyway 

of the inner taper bushing over a key and tightening the sheave to the bushing using the provided hex 

bolts.  Next, the pillow block bearings were pressed onto either end of the intermediate shaft and set 

in place using the provided set screws and retaining rings.   

 Once the intermediate shaft was assembled, the centrifugal clutch belt was properly fitted around 

the pulleys and pulled to the correct tension using ratched straps.  The entire intermediate shaft 

assembly was then mounted to the drivetrain frame by four 3/8”-16 bolts that attached the pillow 

block bearings to the pillow block bearing mounts on the drivetrain frame.  At this point, the half-

axles were mounted to each side of the transaxle with the splined couplings, and this assembly was 

located and mounted to the leaf springs. 

 With the transaxle located, the driven sheave of the synchronous belt drive was set in place on 

the splined adapter with a key and taper bushing.  This subassembly then slid onto the spline of the 

transaxle input shaft and was bolted in place.  Next, the synchronous belt was installed onto the 

sheaves and pulled to the proper tension using ratchet straps. 

 Needle bearings were then pressed into the swing arm bearing housings and secured by retaining 

rings.  The swing arm bearings were then located on the intermediate shaft by retaining rings to 

prevent side-to-side movement.  The swing arms were finally attached to the transaxle by two M16 

bolts that mounted the tab of of each swing arm to the threaded bolt hole on either side of the 

transaxle.  The ratchet straps were then removed, and the drivetrain assembly was complete.  The 

following is a list of the tools used to assemble the drivetrain. 

 

 Standard hex and socket wrenches 

 Standard screwdrivers  

 Ratchet straps 

 Gantry crane 

 Hydraulic press 

 Dial calipers 

 Combination square 

 Tape measure and engineering scale  
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TESTING 

 

 Prior to the rigorous testing that took place at the IAT competition held in Indianapolis, Indiana, 

the 2008 UC BUV was tested near the University of Cincinnati College of Applied Science to ensure 

that the basic IAT specifications were met.  The following explains the methods used to test the BUV 

and the results of these tests. 

 

TESTING METHODS 

 There were a total of six key product objectives to test for that concerned the drivetrain.  Table 7 

lists all six of these key product objectives and the methods used to test. 

 
Table 7 – Testing Methods 

Product Objective Method of Testing 

BUV will have 20 mph top speed on a grass 
surface under minimum load 

A stopwatch will time the BUV over a known 
distance to verify the BUV goes under 20 mph  

BUV will be capable of pulling 1200 lb payload 
including the driver 

BUV will be loaded with 1000 lbs of sand and 
visually inspected for movement  

BUV will have a mechanical powered reverse  
BUV will be shifted into reverse gear and 

visually inspected for reverse motion  

BUV will have a 10.0 hp engine 
Engine product specification sheet will show 

the output power of the engine  
BUV will have minimum ground clearance of 

10.5 inches w/out differential 
Tape measure will be used to measure the 

distance between the ground and BUV  
BUV will have a steering mounted throttle near 

the driver’s left hand 
BUV will be visually inspected for a throttle 

near the driver’s left hand  
 

  

 In addition to testing all of these product objectives, the BUV was driven up Cypress Street near  

the College of Applied Science, which is a fairly steep incline.  The point of performing this feat was 

to test the ability of the BUV to traverse large hills, and it succeded. 

 

 

RESULTS AND PROOF OF DESIGN 

 The initial test began by driving around a flat parking lot to ensure everything was mechanically 

sound, but once full speed was achieved the leaf springs began to contort slightly outward.  This 

twisting of the leafsprings allowed the right coupler connecting the half-shaft to the transaxle to walk 

far enough that it became completely disengaged.  This resulted in the transaxle dropping to the 
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pavement and chipping a couple of the splined teeth on the right output shaft.  Although unfortunate, 

it was salvageable, and a quick-fix utilizing a tie rod design was incorporated to hold the leaf springs 

together and eliminate the outward twisting problem.  Figure 20 illustrates the tie rods that mounted 

to the leaf springs and bolted to the unused rear mounting holes on the transaxle. 

 

 

Figure 20 – Tie Rods Holding Leaf Springs Together 

 
 

 Once the tie rods were added, a second test was performed and the BUV drove properly.  The 

final results of the testing shown in Table 8 prove that the design of the drivetrain was successful. 

 
Table 8 – Testing Results / Proof of Design 

Product Objective Results 

BUV will have 20 mph top speed on a grass 
surface under minimum load 16 mph √  

BUV will be capable of pulling 1200 lb payload 
including the driver 1200 lb √  

BUV will have a mechanical powered reverse  Reverse  √  

BUV will have a 10.0 hp engine 9.1 hp  √  

BUV will have minimum ground clearance of 
10.5 inches w/out differential 11” clearance  √  

BUV will have a steering mounted throttle near 
the driver’s left hand Left-Hand Throttle  √  

Tie Rods 
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 With respect to the IAT competition, the 2008 UC BUV performed well during the judges run, 

but during the first event, which was an endurance round, the front wheel became unstable.  While 

exiting the endurance course, the front right shock sheared and twisted some of the structural tubing 

of the front suspension.  After replacing both front shocks that night and testing the steering, it was 

deemed unsafe to continue driving the BUV due to suspension failure, resulting in a fifth place finish 

overall.  The events that were not attempted at the competition were an acceleration test, an agility 

course, a mud pit, an obstacle course, and a mogul field.  However, the 2008 UC BUV team did place 

second in the written report and cost analysis categories, and third in the oral report category.   The 

final results of the IAT competition are shown in Figure 21. 

 

 

Figure 21 – IAT Competition Results 
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PROJECT MANAGEMENT 

 

SCHEDULE 

 A schedule was originally proposed in order to ensure congruence between the times at which 

tasks were completed and the deadline dates.  Table 9 lists the important deadlines that had to be met 

throughout the design, manufacture, and presentation of the BUV drivetrain.  The proposed schedule 

was closely followed with only a few exceptions.  The best concept was selected a week later than 

originally scheduled, which consequently pushed the drivetrain design and the design freeze back five 

days.  Everything was back on schedule for ordering components on January 28, which allowed for 

the drivetrain to be completed in time to allow for testing and modification before the competition on 

April 18, 2008.  The BUV was presented and judged at the Tech Expo held at the Duke Energy 

Center located in downtown Cincinnati, Ohio on May 22, 2008.  A final oral presentation was given 

to the faculty on May 26, 2008, and copies of the final report were submited to the library, Professor 

Cook, and Dr. Janak Dave on June 9, 2008.  The fully detailed schedule with all completion dates for 

the 2008 UC BUV can be found in Appendix N. 

 
Table 9 – Summary of BUV Drivetrain Schedule 

Scheduled Task Proposed Scheduled Days Actual Completion Date 

Choose Best Concept for Drivetrain 12/9/2007 12/16/2007 

Drive Train Design 12/9 - 1/13 1/18/2008 
Design Freeze 1/13/2008 1/18/2008 

Order Drive Train Components 1/28/2008 1/28/2008 

Drive Train Component Fabrication 1/28 - 3/16 3/14/2008 

BUV Assembly 2/25 - 3/30 3/30/2008 

Design Report Due 3/17/2008 3/17/2008 

Final BUV Test 4/07 - 4/17 4/17/2008 

BUV Competition 4/18/2008 4/18/2008 

CAS Tech Expo 5/22/2008 5/22/2008 

Final Oral Presentation 5/26/2008 5/26/2008 

Final Report Due 6/09/2008 6/09/2008 

 

 

BUDGET AND BILL OF MATERIALS 

 A budget was proposed before the detailed design began as a guideline for the selection of the main 

main components of the BUV from an overall cost perspective.  The engine was provided for free and the 

the transaxle was highly discounted from IAT.  The synchronous belt drive was also provided for free 

from EPT.   

Table 10 lists the proposed ceiling for the cost of the main components that comprise the drivetrain.  Also 

included in  

Table 10 is the actual cost of the main components of the drivetrain.   
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Table 10 – Summary of Drivetrain Budget 

Component Proposed Cost Actual Cost 
1. Engine FREE FREE 

2. Transaxle $350 $350 

3. Belt Drive $150 FREE 

5. Clutch $200 $400 
6. Mounts $100 $100 

7. Bearings $50 $130 

8. Shift Linkage $70 $50 

9. Throttle $120 $10 

10. Bolts $20 $25 

11. Shaft $50 $100 

12. Additional Cost (20% of total) $240 $240 

DRIVE TRAIN TOTAL $1,360 $1,355 
 

  

 The cost of the centrifugal clutch was much higher than originially proposed even though 

Quality Drive Systems provided it at a discounted rate.  The reason for the discrepency between the 

proposed and actual cost of the clutch was that the type of clutch proposed was a less expensive 

manual clutch than the actual centrifugal clutch used.  The bearings and intermediate shaft were also 

more costly than expected.  The final discrepency with the proposed budget was that the axles and 

couplings were not taken into account.  It was thought that the existing axles could be used, but such 

was not the case with the implementation of the Tuff Torq transaxle.  However, 20 percent of the 

proposed total was originally factored into the budget to cushion any additional costs that may arise, 

and this amount combined with the donated components was enough to cover the unexpected cost of 

the clutch and bearings with a little left over.   The full budget and BOM with component breakdown 

for the drivetrain as well as the total BUV and IAT costs can be found in Appendices O and P. 

 

The proposed cost of each of the subassemblies was as follows:  

 Proposed Drivetrain – $1,360 

 Proposed Chassis – $985 

 Proposed Suspension – $1,340 

 Proposed Electrical System and Cargo Bed – $915 

 PROPOSED TOTAL BUV COST - $4,600 

 

The actual cost of each of the subassemblies was as follows: 

 Actual Drivetrain – $1,355 

 Actual Chassis – $690 

 Actual Suspension – $970 

 Actual Electrical System and Cargo Bed – $550 
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 ACTUAL TOTAL BUV COST - $3,565 
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CONCLUSION 

 

RECOMMENDATIONS 

 The Yanmar engine and Tuff Torq transaxle were great components to use for the BUV, and it 

would be suggested to incorporate them into future designs.  The Yanmar is a solid power source that 

runs on diesel or biodiesel, making it versatile, and the Tuff Torq provides reverse gearing and a huge 

reduction at 15:1, which is necessary to get the needed torque from a low horsepower engine.  Also, 

the Comet 770 series centrifugal clutch was a very user friendly device that eliminated the need to 

shift through forward gears, which should be considered for future designs.  Finally, the synchronous 

belt drive would probably work better than a v-belt drive, since many of the basic utility vehicles 

incorporating v-belt drive systems tended to slip when wet at the competition.  This should be 

considered in future designs as well. 

 It would be advised to eliminate the existing leaf springs and solid mount the rear axles if this 

type of transaxle is to be used in future designs.  It is not necessary to have the suspension travel of a 

full sized truck for the low-speed application of the BUV. The John Deere couplings were not 

designed for such a loose suspension that could flex to such an extent that the coupler can become 

disengaged from the shaft.  In considering the required ground clearance, it would be possible to use 

the leaf springs as spacers, but the pivot point on the leaf springs would need to be eliminated and a 

similar tie rod configuration should be used to prevent twisting of the leaf springs.  To provide the 

necessary suspension travel in the rear, low-pressure baloon-type tires should be used and deflated as 

necessary to provide the appropriate travel. 
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APPENDIX A:  IAT BUV REQUIREMENTS 
 

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 

Driveable Chassis – a front unit attached to a rear clip. 
Ready to drive.  Various bodies can be attached to the 
driveable chassis. 
 

School Bus Body / Cargo Bed – a body that attaches to the 
driveable chassis that is multi-purpose, and can carry both 

cargo as well as children is a safe manner

 

 
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:   

SPECIFICATIONS -- 

Cost: 
DRIVEABLE CHASSIS 

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.   

Parking Brake: Use existing truck emergency brake operable from drivers 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. 

http://www.drivebuv.org/


 

Appendix A2 

 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) 
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 (powertrain, 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 powertrain 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, 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 
 

 
 

 

 
 

 

 
  

(2) 

 

11 hp twin cylinder 550 

cc Engine 
 

CVT Transmission 

 
Automatic 

 

Rack and Pinion 
Steering 

 

Forward and Reverse 

 
Top Speed – 15 mph 

 

800 lb Load – Low  
 

Seats 2 People 

 

Approx.  $5000.00 
 

 

 
 

 

http://www.ezgo.com/trail/350.html 10/01/07 

E-Z-GO ST 350 Trail Utility Vehicle  

ezgo.com 

http://www.ezgo.com/trail/350.html%2010/01/07
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The two-wheel-drive Kawasaki Mule™ 600 utility vehicle lends itself perfectly to 
farm, ranch or industrial work, as well as around the house or outdoor recreation. Plus, 
it can be transported in the back of a full-size pickup truck. 
The Mule 600 features a single-cylinder engine matched to a continuously variable 
transmission (CVT), and features a dual-mode rear differential, independent front 

suspension, unit swing-axle rear suspension and hydraulic brakes.  
The spacious cab features curved body panels and a large-diameter steel tube frame to 
give it a clean, modern look, while automotive-type controls and the gear selector are 
within easy reach on the dashboard. Luxury features include two large cup holders, a 
passenger-side glove box, passenger-side grab handle and storage space located 
beneath the hood.  
For many utility vehicle owners, the engine is the most enticing feature of the Mule 
600. The air-cooled, single-cylinder four-stroke engine displaces 401cc, accelerates 

with authority, and it includes a cooling fan to help maintain an ideal operating 
temperature. Equally important, the engine starts easily due to an enrichening system 
that partially opens the throttle during starting, thereby eliminating the need to apply 
the throttle. It also features a 25 mph maximum speed governor.  
The Mule 600 transfers its power through a continuously variable transmission, which 
features durable materials in the converter and a long-lasting drive belt. Plus, the 
sturdy transmission can be started in forward or reverse gear, provided the brakes are 
applied.  
The Mule 600 utilizes dependable, low-maintenance shaft drive and features a dual-

mode differential that can be locked to maximize traction on adverse terrain. 
The Mule 600 rides on MacPherson strut front suspension, while rear suspension 
duties are handled by the unit swing-axle rear suspension. Hydraulic drum brakes at 
all four wheels provide ample stopping power, and large 22-inch tires provide 
improved off-road handling. 
To light the way in darkness, the Mule 600 features the same 35w gourd-style 
headlights as the Kawasaki Brute Force® 750 4x4i all-terrain vehicle. 
Kawasaki engineers know that hauling and towing are the two most common tasks for 

any Mule utility vehicle, so they designed the Mule 600 to carry 400 pounds in its 
tilting cargo bed. It also features tailgate latches that are easy to fasten quickly and 
securely. Plus, it can tow up to 1,100 pounds with an optional towing hitch.  

Powertrain  
- 401cc four-stroke engine produces abundant power and acceleration  
- Engine starts easily with the assistance of an enrichening system  
- Fan cooling helps the engine maintain an ideal operating temperature  
- Continuously variable transmission enhances the engine’s strong acceleration  

- Engine can be started in forward or reverse gear provided the brakes are applied  
- Dependable shaft drive is low maintenance  
- Dual-mode rear differential can be locked to maximize traction 

 

(3) 

 

Single Cylinder 
Four-Stroke  

401 cc Engine 

 

CVT Transmission 
 

Belt-driven 

 
Dual Mode Rear 

Differential 

 

Automatic 
 

Forward and Reverse 

 
Top Speed – 25 mph 

 

926 lb Load – Low  
 

1100 lb Towing cap. 

 

Seats 2 People 
 

$5899.00 

 
 

 

 

http://www.kawasaki.com/Products/Detail.aspx?id=167  
Kawasaki Mule 600 Utility Vehicle  

kawasaki.com 

http://www.kawasaki.com/Products/Detail.aspx?id=167
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(4) 

 

21.6 hp 3-cylinder  
4-Cycle Diesel Engine 

- Too High Power 

 

VHT  Transmission 
(Variable Hydro Tran) 

 

4 Wheel Drive with 
2 Wheel Drive Option 

 

Foot Operated 

Differential Lock 
 

Forward and Reverse 

 
Hydrostatic Power 

Steering 

 
Top Speed – 25 mph 

 

1102 lb Load – Good  

 
Hydraulic Bed Lift 

 

Hydraulic transmis. 
delivers smooth starts 

on hills and great 

engine braking on 
descents 

 

Seats 2 People 

 
$11,599.00 – High  

 

 
 

 

http://kubota.com/f/products/rtv900/index.cfm  
Kubota RTV 900 Utility Vehicle  

kubota.com 

http://kubota.com/f/products/rtv900/index.cfm
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(5) 

 

8.5 hp Kohler Motor 
 

Max Torque: 12.2 ft-lb 

 

Manual Transmission 
 

Centrifugal Clutch 

 
14:1 Differential 

 

Shaft is only custom 

part 
 

Throttle control near 

left hand 
 

Top Speed – 20 mph 

 
Load – 1500 lb 

 

Drivetrain Cost:  $882 

 
 

 

2006 BUV Design Report – Drive Train.  Brian Farno 

2006 UC Basic Utility Vehicle  

http://kubota.com/f/products/rtv900/index.cfm
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(6) 

 

10 hp Briggs and 
Stratton Engine 

 

Max Torque: 13.8 ft-lb 

 
CVT Transmission 

 

Chain driven from an 
additional Gearbox 

 

Forward and Reverse 

 
 

 

2007 Mini Baja Design Report – Drive Train.  William Westerfeld  

2007 UC Mini Baja  

http://kubota.com/f/products/rtv900/index.cfm
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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 

 Bug Shield 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 
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APPENDIX E:  QFD 
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APPENDIX F:  PROOF OF DESIGN STATEMENT 
 

 

The proof of design statement is documented as a contractual agreement of the 

features that the engineer will design the end product to include.  The proof of design 

statement for the drivetrain of the basic utility vehicle was extracted from the specifications 

and performance requirements listed by IAT.  For the basic utility vehicle to be successful, it 

must at least meet the specifications set forth by IAT, and thus must at least meet the 

specifications described in the proof of design statement for the drivetrain, which are as 

follows: 

 The vehicle will use an engine with a maximum power output of 10 hp. 

 The vehicle will have a maximum top speed of 20 mph. 

 The vehicle will be able to carry a 1200 lb payload including the weight of the driver. 

 The vehicle will have a powered reverse. 

 The vehicle will have 10.5” of ground clearance excluding the differential. 

 The vehicle will have a steering mounted throttle near the driver’s left hand. 

 The vehicle will have a PTO shaft for powering on-board or off-board devices. 
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APPENDIX G:  GEAR RATIO CALCULATIONS 
 

 
 
Minimum Force required to start movement on a 20˚ slope when fully loaded is evaluated from Equation 1. 

 

 1.     𝑭𝒎𝒊𝒏 =  𝝁 × 𝑾𝑻 × 𝒄𝒐𝒔 𝟐𝟎° =  𝟎.𝟔 𝒇𝒕  𝟐𝟐𝟎𝟎 𝒍𝒃 𝒄𝒐𝒔 𝟐𝟎° =  𝟏𝟐𝟒𝟎 𝒍𝒃 

  
 µ = coefficient of static friction 

 WT = weight of fully loaded BUV = weight of BUV + payload = 1000 lb + 1200 lb 

 

 

Minimum torque required to climb 20˚ slope when fully loaded is evaluated from Equation 2. 

  

 2.     𝑻𝒎𝒊𝒏 = 𝑭𝒎𝒊𝒏 × 𝒓𝒘𝒉𝒆𝒆𝒍  =  𝟏𝟐𝟒𝟎 𝒍𝒃  𝟎.𝟗𝟓 𝒇𝒕 = 𝟏𝟏𝟖𝟎 𝒇𝒕 − 𝒍𝒃 

  

 𝑟𝑤𝑒𝑒𝑙  = radius of the wheel when loaded = 12.5” – 1.0” = 11.5” = 0.875 ft.  (assumed flattening of 1”)  

 𝐹𝑚𝑖𝑛  = minimum force required to start movement on a 20˚ slope fully loaded (from Equation 1) 

 

 

It is necessary to calculate the ideal gear ratio to obtain the desired performance of the BUV.  Equation 3a 

determines the Minimum High gear ratio for the drive train to obtain a top speed of 20 mph.  Equation 3b 
determines the Minimum Low gear ratio for the drive train to obtain the low speed torque to start the loaded BUV. 

 

 𝟑𝒂.   𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝑯𝒊𝒈𝒉 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐 =
𝒓𝒑𝒎 × 𝒕𝒊𝒓𝒆 𝒅𝒊𝒂𝒎𝒆𝒕𝒆𝒓

𝒎𝒑𝒉 ×𝟑𝟑𝟔
 =  

 𝟑𝟔𝟎𝟎 𝒓𝒑𝒎  𝟐𝟓" 

 𝟐𝟎 𝒎𝒑𝒉  𝟑𝟑𝟔 
= 𝟏𝟑.𝟒:𝟏  

 

 rpm:  engine rated rpm = 3600 (according to Yanmar spec sheet) 

 tire diameter:  inches = 25 (max for the transmission according to Tuff Torq spec sheet) 

 mph:  top speed = 20 mph ( according to IAT specifications) 

 

 𝟑𝒃.   𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝑳𝒐𝒘 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐 =
𝑻𝒎𝒊𝒏

𝑻𝒆
 =  

𝟏𝟏𝟖𝟎 𝒇𝒕−𝒍𝒃

𝟏𝟒 𝒇𝒕−𝒍𝒃
= 𝟖𝟒.𝟑:𝟏 

Tmin = minimum torque required to climb 20˚ slope when fully loaded (From equation 2)  

Te = Engine Torque in foot-pounds = 14 ft-lb @ 3600 rpm (from Yanmar performance sheet) 

 

 

Using the 770 Series Comet Centrifugal Clutch and the Tuff Torque KT35 Transmission the Following High and 
Low gear ratios are obtained in Equations 4a and 4b respectively. 

 

𝟒𝒂.   𝑮𝑹𝑯 = 𝑮𝑹𝑪𝑯 × 𝑮𝑹𝑻  =  𝟎.𝟕𝟔  𝟏𝟓 = 𝟏𝟏.𝟒:𝟏  

 
GRCH = high gear ratio of the centrifugal clutch = 0.76:1 (from Comet Clutch Spec Sheet) 

  GRT = gear ratio obtained through the transmission = 15:1 (From Tuff Torq Spec Sheet) 

 

𝟒𝒃.   𝑮𝑹𝑳 = 𝑮𝑹𝑪𝑳 × 𝑮𝑹𝑻  =  𝟑.𝟗𝟓  𝟏𝟓 = 𝟓𝟗.𝟐𝟓:𝟏  

 
GRCL = low gear ratio of the centrifugal clutch = 3.95:1 (from Comet Clutch Spec Sheet) 

  GRT = gear ratio obtained through the transmission = 15:1 (From Tuff Torq Spec Sheet) 

 

 

 
 



 

Appendix G2 
 

 

Since the obtained Low and High gear ratios still do not meet the minimum requirements calculated in Equations 3a 

and 3b, an intermediate shaft with an intermediate pulley set will be introduced after the clutch and before the 

transmission to acquire the optimum low gear ratio based on the most important aspect being torque and not high 

speed.  The necessary ratio is calculated in Equation 5. 

 

 𝟓.    𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝑰𝒏𝒕𝒆𝒓𝒎𝒆𝒅𝒊𝒂𝒕𝒆 𝑷𝒖𝒍𝒍𝒆𝒚 𝑹𝒂𝒕𝒊𝒐 =
𝑴𝒊𝒏𝒊𝒎𝒖𝒎  𝑳𝒐𝒘 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐

𝑮𝑹𝑳
=  

𝟖𝟒.𝟑

𝟓𝟗.𝟐𝟓
= 𝟏.𝟒𝟑:𝟏 

 
 Minimum Low Gear Ratio = 84.3 (from Equation 3a) 

 GRL = actual low gear ratio using centrifugal clutch and transmission = 59.25:1 (from Equation 4b) 

 

 

The Intermediate pulley ratio will result in the following Final Ideal High and Low gear ratios as evaluated in 

Equations 6a and 6b respectively. 

 

  𝟔𝒂.   𝑭𝒊𝒏𝒂𝒍 𝑯𝒊𝒈𝒉 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐 = 𝑮𝑹𝑪𝑯 × 𝑮𝑹𝑻 × 𝑮𝑹𝑷 =  𝟎.𝟕𝟔  𝟏𝟓  𝟏. 𝟒𝟓 = 𝟏𝟔. 𝟓𝟑:𝟏 
 

GRCH = high gear ratio of the centrifugal clutch = 0.76:1 (from Comet Clutch Spec Sheet) 

GRT = gear ratio obtained through the transmission = 15:1 (From Tuff Torq Spec Sheet) 
GRP= gear ratio obtained through the intermediate pulley ( from Equation 5) 

 

 𝟔𝒃.   𝑭𝒊𝒏𝒂𝒍 𝑳𝒐𝒘 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐 = 𝑮𝑹𝑪𝑳 ×  𝑮𝑹𝑻 × 𝑮𝑹𝑷 =  𝟑.𝟗𝟓  𝟏𝟓  𝟏.𝟒𝟓 = 𝟖𝟓.𝟗𝟏:𝟏 
 
GRCL = low gear ratio of the centrifugal clutch = 3.95:1 (from Comet Clutch Spec Sheet)  

GRT = gear ratio obtained through the transmission = 15:1 (From Tuff Torq Spec Sheet) 

GRP= gear ratio obtained through the intermediate pulley ( from Equation 5) 

 

 
This will result in a final top speed of the BUV as calculated in Equation 7a and a final Torque as calculated in 

Equation 7b.   

 

 𝟕𝐚.   𝑭𝒊𝒏𝒂𝒍 𝑻𝒐𝒑 𝑺𝒑𝒆𝒆𝒅 =
𝐫𝐩𝐦 × 𝐭𝐢𝐫𝐞 𝐝𝐢𝐚𝐦𝐞𝐭𝐞𝐫

𝐅𝐢𝐧𝐚𝐥 𝐇𝐢𝐠𝐡 𝐆𝐞𝐚𝐫 𝐑𝐚𝐭𝐢𝐨 ×𝟑𝟑𝟔
 =  

 𝟑𝟔𝟎𝟎 𝒓𝒑𝒎  𝟐𝟓" 

 𝟏𝟔.𝟓𝟑  𝟑𝟑𝟔 
= 𝟏𝟔.𝟐 𝒎𝒑𝒉 

 
𝟕𝐛.   𝑭𝒊𝒏𝒂𝒍 𝑻𝒐𝒓𝒒𝒖𝒆 =  𝑻𝒆 × 𝑭𝒊𝒏𝒂𝒍 𝑳𝒐𝒘 𝑮𝒆𝒂𝒓 𝑹𝒂𝒕𝒊𝒐 =  𝟏𝟒𝒇𝒕 ∙ 𝒍𝒃  𝟖𝟓.𝟗𝟏 = 𝟏𝟐𝟎𝟑 𝒇𝒕 ∙ 𝒍𝒃 
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APPENDIX H:  SYNCHRONOUS BELT DRIVE DESIGN PROGRAM 
 

 
 

 
 

  

 This is the user input page where all known paramters are inserted into the program.  For the 

2008 UC BUV, the power, rpm, speed ratio, and nominal center distance were the parameters input to 

the Design Flex Pro program.  
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APPENDIX I:  INTERMEDIATE SHAFT CALCULATIONS 
 

 

 Material Properties of 4340 HR Q&T 

 Ductility = 12% 

 Hardness = 375 HB 

 Yield Strength = 190 ksi 

 Endurance Strength = 68 ksi 

 

 Rotational Speed of Shaft = 912 rpm 

 Torque Transmitted  = 735 in-lb 

 Power Transmitted = 9.1 hp 

 All Forces act virtually on the same plane 

 

 

Shaft Loading Calculations 

 

𝑁𝑒𝑡 𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝐶𝑙𝑢𝑡𝑐 = 𝐹𝑐𝑁  =  
𝑇

 
𝐷
2
 

=
735 𝑖𝑛 − 𝑙𝑏

 
9.85 𝑖𝑛

2
 

= 149.36 𝑙𝑏 

 

𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝐶𝑙𝑢𝑡𝑐 = 𝐹𝑐𝐵 = 𝐹𝑐𝑁 1.5 =  150 𝑙𝑏 (1.5) = 225 𝑙𝑏 

 

 
𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝑆𝑦𝑛𝑐𝑟𝑜𝑛𝑜𝑢𝑠 𝐵𝑒𝑙𝑡 𝐷𝑟𝑖𝑣𝑒 =  𝐹𝑠𝐵 = 841 𝑙𝑏 

 
 

𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝐸𝑎𝑐 𝑆𝑤𝑖𝑛𝑔 𝐴𝑟𝑚 =  275 𝑙𝑏 

 
 

 

 

Bearing Reaction Forces 
 

Σ𝐹𝑦 = 0 = 275 + 841 + 275 − 225 − 𝑅𝐵 − 𝑅𝐸  

 

        → 𝑅𝐵 = 1166 − 𝑅𝐸 
 

Σ𝑀𝐵 = 0 = 275(22.75) + 841(16.44) − 225(4.83) − 275(2) − 𝑅𝐸(20.75) 

 

        → 𝑅𝐸 = 888.94 𝑙𝑏 
 

        → 𝑅𝐵 = 1166 − 888.94 = 277.06 𝑙𝑏 
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Loading Conditions, Shearing Forces, and Bending Moments 
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Design Equation for Shaft Design 
 

 

𝐷 =  
32𝑁

𝜋
  

𝐾𝑡𝑀

𝑆𝑛
′  

2

+
3

4
 
𝑇

𝑆𝑦
 

2

 

1
3 

 

 

𝑁 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =  2.5 

𝐾𝑡 = 𝐷𝑒𝑠𝑖𝑔𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 → 1.5 < 𝐾𝑡 < 3.0  (depending upon fillet condition)  

𝑀 = 𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 𝑆𝑎𝑓𝑡 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛  (in− lb)   

𝑆𝑛
′ = 𝑆𝑛  𝐶𝑟  𝐶𝑠 =  68,000  0.81  0.88 = 55,080 𝑝𝑠𝑖 
𝑇  = 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑇𝑜𝑟𝑞𝑢𝑒 = 735 in − lb 

𝑆𝑦  = 𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑛𝑔𝑡 =  190,000 𝑝𝑠𝑖 
 

 
 

 

Sample Calculation for Shaft at D  (highest bending moment) 

 

𝑫𝑫 =  
𝟑𝟐(𝟐.𝟓)

𝝅
  
 𝟑.𝟎 (𝟐𝟎𝟗𝟓)

𝟓𝟓,𝟎𝟖𝟎
 

𝟐

+
𝟑

𝟒
 

𝟕𝟑𝟓

𝟏𝟗𝟎,𝟎𝟎𝟎
 
𝟐

 

𝟏
𝟑 

= 𝟏.𝟒𝟐𝟕" 

 

        → 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑡 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝐷 = 1.427" 
 

 
 

 

 

Summary of Minimum Diameters for the Intermediate Shaft 

 

 𝐷𝐴 =  0.474 𝑖𝑛 

 𝐷𝐵 =  0.723 𝑖𝑛 

 𝐷𝐶 =  0.896 𝑖𝑛 

 𝐷𝐷 =  1.427 𝑖𝑛 

 𝐷𝐸 =  0.723 𝑖𝑛 

 𝐷𝐹 =  0.474 𝑖𝑛 
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APPENDIX J:  FINITE ELEMENT ANALYSIS 
 

 
Transaxle Mounting Tab from Swing Arm 
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APPENDIX K:  PURCHASED COMPONENTS 
 

 
Yanmar L100V Diesel Engine – Specifications 
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Yanmar L100V Diesel Engine – Performance Curves 
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Tuff Torq KT35 Transaxle - Specifications 
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Tuff Torq KT35 Transaxle – Technical Drawing 
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Comet 770 Series Centrifugal Clutch – Specifications and General Layout 

 

 
 



 

 

Page Appendix K6 removed due to permissions 
restrictions. 

 

Please refer to the print copy of this report, or contact 
the College of Engineering and Applied Science Library at 
the University of Cincinnati for assistance. 



 

 

Page Appendix K7 removed due to permissions 
restrictions. 

 

Please refer to the print copy of this report, or contact 
the College of Engineering and Applied Science Library at 
the University of Cincinnati for assistance. 
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McMaster-Carr Pillow Block Bearings (6494K13) – Specifications and Technical Drawing 

 

 

 

Part Number:  6494K13  $48.21 Each 

Mounting Style Base Mount 
Base Mount Type Solid 

Type General Purpose 
Bearing Style Ball 

For Shaft Diameter 3/4" 
Center Height (A) 1-5/16" 

Dynamic Radial Load Capacity, lbs. 2,611 
Maximum rpm 6,500 

ABEC Precision Bearing Rating ABEC-1 
Housing Material Cast Iron 

Cast Iron Housing Material Nickel-Plated Cast Iron 
Bearing Material Steel 

Temperature Range -20° to +200° F 
Bearing Construction Double-Shielded 

Maximum Shaft Misalignment 1° 
Secures/Attaches With Double Set Screw 

Note Housing has a grease fitting. 
Bearing insert is deep 
grooved. Includes two set 
screws. 

 
 

 

     

http://www.mcmaster.com/itm/find.ASP?tab=find&context=psrchDtlLink&fasttrack=False&searchstring=6494K13
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McMaster-Carr Needle Bearings (8258K22) – Specifications and Technical Drawing 

 

 

 

Part Number:  8258K22  $16.74 Each 

Type Roller Bearings 
Needle-Roller Bearing Style Grooved Double Sealed 

Roller Type Needle 
System of Measurement Inch 

For Shaft Diameter 3/4" 
Outside Diameter 1-1/4" 

Width 1" 
ABEC Precision Bearing Rating Not Rated 
Dynamic Radial Load Capacity, 

lbs. 
4,990 

Dynamic Radial Load Capacity 
Range, lbs. 

3,001 to 5,000 lbs. 

Maximum rpm 5,100 
Maximum rpm Range 3,001 to 7,500 

Temperature Range -30° to +250° F 
Bearing Material Steel 

Specifications Met Not Rated 
Note Has a lubrication groove and hole. 

Optional Liner If your shaft is not hardened or ground 
order 8258K32. Just insert the liner 
into the bearing and press fit onto a 
shaft. Made of hardened ground steel. 

Has a lubrication hole. Liner is for a 
1/2" shaft diameter.  

 
 

 

 

 

     

http://www.mcmaster.com/itm/find.ASP?tab=find&context=psrchDtlLink&fasttrack=False&searchstring=8258K22
http://www.mcmaster.com/param/asp/productredirect.asp?partNbr=8258K32
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APPENDIX L:  MANUFACTURED COMPONENT DRAWINGS 
 

 
*Refer to A. Malatesta Senior Thesis CD on reserve with MET department.*
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APPENDIX M:  DRIVETRAIN ASSEMBLY DRAWINGS 

 
 

*Refer to A. Malatesta Senior Thesis CD on reserve with MET department.*
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APPENDIX N:  SCHEDULE 
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APPENDIX O:  BUDGET 
 

 

BUV SUB-ASSEMBLIES 

 

1. Drive Train Total 

2. Front Unit/Suspension 
3. Rear Clip/Chassis 

4. Electrical System and Accessories 

 

TOTAL BUDGET 

_________________________________ 

 

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 

 
 

2. Suspension Break Down 

 

COMPONENT  
 

Steel Tubing 

Bushings  

Shocks 
Steering Head Bearings 

Steel Plate 

Handlebars 
Front Rim 

Front Tire 

Front Brakes 

Axle 
Bolts 

Seat 

Leaf Springs 
Additional Cost (20% of total) 
 

Suspension Subtotal 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

PRICE 

 

$1,320 

$1,320 
$985 

$915 

 

$4,540 

_________________________________ 

 

 
 

PRICE 
 

Free 
$350 

$100 

$50 
$220 

$80 

$50 

$70 
$120 

$10 

$50 
$240 

 

$1360 

 
 

 
 

 
 

 

 

 

 
 

 

 

PRICE 
 

$200 

$10 

$300 
$20 

$100 

$20 

$150 
$70 

$100 

$15 
$25 

$30 

$60 

$220 
 

$1320 
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3. Chassis Break Down 

 
COMPONENT 
 

Front Clip Frame 

Floor Board – Front Clip 
Hardware 

Welding 

Paint 

Rear Clip Frame 
Additional Cost (20% of total) 
 

Chassis Subtotal 

 
 

4. Electrical System and Cargo Bed 

 
COMPONENT 
 

Roll Bar 

2”x4” 

Plywood 
Hardware 

Hinges 

Cargo Netting 
Limit Switch 

Wire 

Hardware (Electrical) 
Solar Panels 

Charge Controller 

Deep Cell Battery 

Motor Starter 
Additional Cost (20% of total) 
 

Electrical System and Cargo Bed Subtotal 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
PRICE 

 

$300 

$125 
$20 

$200 

$25 

$150 
$165 

 

$985 

 
 

 

 
PRICE 

 

$40 

$80 

$40 
$30 

$40 

$80 
$30 

$15 

$20 
$150 

$60 

$50 

$150 
$130 

 

$915 
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APPENDIX P:  DRIVETRAIN BILL OF MATERIALS 

 



 

Appendix P2 
 

 




