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ABSTRACT 

The Utility terrain vehicle (UTV) Is a widely saturated market with many differing 

styles of vehicle. The goal of this project was to create a relatively cheap and reliable 

alternative to commercially available UTVs. While lacking in some of the luxuries that are 

offered by modern UTVs, the group managed to deliver on this idea. Splitting into three 

areas (frame, body panels and brakes, and suspension and drivetrain) a simple design was 

created for the following year’s seniors to fabricate. To accompany the design, part and 

assembly drawings were created to assist in the fabrication. Lastly, all purchased components 

were compiled into a document for reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5 

PROBLEM DEFINITION AND RESEARCH 

PROBLEM STATEMENT 

For our senior design project, we will be completing the design, manufacturing prints, 

and creating a list of overall components required for assembly of the UTV. The aim is to 

improve upon and/or redesign the current braking system, drive train, and suspension in an 

affordable and maintainable way using CAD tools. The group will then pass on a full list of 

components along with manufacturing prints to next year’s senior design group. 

RESEARCH  
 

BACKGROUND AND SCOPE OF THE PROBLEM 

Many improvements can be made to the modern utility terrain vehicle. We chose to 

narrow our approach to three main components within the typical UTV: the braking, drive 

train, and suspension. More specifically, we would like to focus on maintenance and 

adjustability of each of the three components mentioned above. We aim to make an affordable 

and simplistic product, perhaps even allowing the operator to adjust “on the fly” without taking 

their UTV to a mechanic.  

Anyone who owns or operates a UTV on a regular basis is impacted by this problem. 

Mainly, our target audience would be individual users with a more adventurous or on the go 

lifestyle which might require a quick change or adjustment of suspension or drivetrain parts. 

In addition, anyone with limited free time who would like to spend it using their UTV instead 

of taking hours to adjust for different terrain and conditions.  

Anybody who has gone for a joyride in any vehicle knows that there is no problem 

worse than getting ready to go and having to fix an issue with your vehicle. This issue only 

gets worse when you find the perfect spot to ride your UTV and find out that you need to adjust 

your suspension for the terrain. This results in a ride back home and a whole lot of 

disappointment for the user.   

Currently, the maintenance options for a UTV come primarily from the manufacturer 

or aftermarket products which can cost the consumer a pretty penny. The closest quick fixes 

are very expensive and still require a handful of tools specifically designed for a single purpose 

(2).  

We have identified a few areas where the current solutions are inadequate:  

1. Convenience: The ability to adjust the suspension travel and overall height of 

the chassis relative to the wheels is selectively available, however none of the 

solutions allow for adjustment without a separate tool. This is one feature which 

we hope to add to our UTV.  
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2. Speed: Many current methods of adjustment and maintenance require the 

consumer to set aside an entire day. We hope to make our maintenance as fast and 

accessible as possible. 

 

CURRENT STATE OF THE ART 

The most common transmission around today is the Continuously Variable 

Transmission, or CVT for short. Unlike traditional automatic transmissions, continuously 

variable transmissions do not have a gearbox with a set number of gears, which means they 

do not have interlocking toothed wheels (6). The most popular system among CVTs uses a 

combination of pulleys which ride along cones to achieve a near infinite combination of 

gearing with no distinct “gears” like other types of transmissions. CVTs are used in modern 

cars with automatic transmissions to improve fuel economy and smooth the transition 

between gears when up or downshifting.  

Continuously variable transmissions are not without their fair share of issues, 

however. There have been a few large class-action lawsuits against Nissan, Honda, and 

Suzuki. These lawsuits allege that the CVTs “shake, jerk, hesitate, lag, decelerate and finally 

fail, requiring expensive transmission replacements.” (7)  

The more classic transmission option is a planetary gear transmission. This system 

utilizes a group of planetary gears to adjust the output speed and torque of a shaft connected 

to the rear differential. Locking a single component of a planetary gearing system yields a 

unique output, but when combined in series, they allow for anywhere from a 3-speed to a 6-

speed transmission (8). This system is heavy relative to the CVT and offers few advantages 

with respect to power. 

END USER 

The ideal end user will be 20 to 60 years of age. They will have a medium income. 

Male or female and able bodied. Some minor mechanical knowledge will be required, but no 

more than the average individual who changes the oil on their car. The finished product will 

not accommodate any specific medical disabilities and will be ergonomically suited for a 

person in the specified age group. 

 

CONCLUSIONS AND SUMMARY OF RESEARCH 

Transmission technologies are sophisticated enough that few improvements can be 

made. With that being said, the group decided to purchase a complete transmission and focus 

the majority our design efforts in other areas. 
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QUALITY FUNCTION DEPLOYMENT 

CUSTOMER FEATURES 

Between the 3 people working on this project, a total of 45 people were surveyed. 

The first survey question asked for the survey taker’s perceived mechanical aptitude, 

allowing us to weigh responses of engineers and mechanics slightly higher. Following this 

question, they were asked if they had ever owned a UTV. These two questions allowed us to 

calculate our weighted score. We chose to weigh anyone who rated their mechanical aptitude 

higher than a 3 as 1.25, while responses below were weighed as 1. The rest of the survey 

asked the survey taker to rate the importance of customer features. After averaging the 

answers together and rounding to the nearest decimal, a table was created (see Table 1) 

Customer Features Weighted Score 

1.) Maintenance 4.1 

2.) Safety 4.3 

3.) Braking 3.5 

4.) Cargo Capacity 3.7 

5.) Transmission 3.6 

6.) Steering 3.1 

7.) Suspension 3.9 

8.) Investment Cost 4.3 

Table 1 

 

ENGINEERING CHARACTERISTICS 

Through further discussion and after a review of our survey responses, the group had 

to narrow down exactly how to describe the customer features in terms of measurable 

benchmarks, and units to describe these benchmarks. This led to the following list of 

engineering characteristics. 

1.) Material Strength (psi) 

2.) Storage Space (cubic inches) 

3.) Suspension Travel (inches) 

4.) Brake Clamping Force (psi) 

5.) Steering Wheel Turning Torque (ft.lb) 

6.) Torque at Wheels (ft.lb) 

7.) Life of product (yrs) 

8.) Overall Cost ($) 
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HOUSE OF QUALITY 
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PRODUCT OBJECTIVES 
 

Based on our House of Quality the engineering characteristics are listed below in order of 

importance, with the first on the list being most important 

1.) Overall Cost (16.1%) 

2.) Life of Product (13.1%) 

3.) Brake Clamping Force (13.0%) 

4.) Torque at Wheels (12.9%) 

5.) Material Strength (12.4%) 

6.) Suspension Travel (11.9%) 

7.) Storage Space (10.9%) 

8.) Steering Wheel Turning Torque (9.6%) 

 Our group has certainly set some ambitious goals, but there is no doubt in our mind that 

we will be able to at the very least achieve these goals, with the target being to exceed them 

in the design of our UTV. 

 

  



 

11 

DESIGN 

DESIGN ALTERNATIVES AND SELECTION  

The first concept began with a step file of manual transmission gearing. This design is 

based off the manual transmissions used in cars like the Toyota Supra and later the Nissan 

Skyline. All the gears and bearings are converted from step files allowing for a nice assembly 

and rendering which can be seen below. It is extremely uncommon for a UTV to have a 

manual transmission, but those that do offer a more performance and sporty option. While a 

manual transmission may suffice in your car, we felt that this would not be the ideal design 

for our UTV. An example can be seen in Figure 1. 

 
Figure 1 

The next concept is based on an Allison 1000 automatic transmission. These are used 

in medium duty applications, most notably on the Ford F-650 trucks. This alone made it a 

very good candidate for our UTV. The medium duty transmission would allow for plenty of 

load in terms of storage without having the weight of a heavy-duty transmission. This would 

normally make it our selection for the transmission design, but to make an easily 

maintainable UTV, we felt that the following option would be the best fit. An example can be 

seen in Figure 2. 

 
Figure 2 
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The last design is the Continuously variable transmission (CVT). The belt system on 

the CVT allows for a near infinite amount of gearing options, meaning the UTV will be 

suitable for on and off-road conditions. The relatively simplistic design allows anyone with 

mechanical experience to maintain it, as most of the controls are in terms of electrical 

signals. Lastly, the CVT is the lightest and smallest option available, allowing for easy install 

and operation. An example can be seen in Figure 3. 

 
Figure 3 

ENGINEERING CALCULATIONS 
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BUILD AND TEST 

The group concluded early in the semester that the group would not be able to 

complete the fabrication of this UTV. Instead, we would do 3 things as a substitute; we 

would complete the design of the entire UTV, create process prints for next year’s group, and 

complete a parts list for purchased components. The group, along with our advisor, felt that 

this would be plenty of work, and would set next year’s group up nicely to complete the 

fabrication. 

TEST PROCEDURE AND CRITERIA 

Due to the pandemic, the group was unable to test the engine. Instead, the engine 

behavior was approximated using existing documentation for a 10Hp engine. The only 

official Briggs and Stratton documentation that existed was for a 10Hp 3600RPM engine. To 

get the values for the 8Hp engine, the data needed to be normalized and scaled Using a 

Python script, data points from the 10Hp graph were used to create a rough curve based on 

our point inputs. Utilizing the same program, the data was interpolated, to give a continuous 

curve for the 10Hp data. From this point, the data was scaled down to the 8Hp engine, and a 

curve was developed using a 7th order polynomial which passed through all the points within 

an acceptable margin of error. 

TEST RESULTS AND FINDINGS 

The peak torque output was chosen from our new curve. This was found to be 

17.649Nm and occurred at 2496.667 RPM. The torque converter had a 1:3 ratio prior to 

reaching max speed, which gave a torque value of 52.948Nm. This value would drive the 

remainder of the drivetrain calculations.  
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FINAL DESIGN AND ENGINEERING CALCULATIONS 

The final solution included a combination spur gear reduction and chain drive. The 

following slides cover calculations which were done to ensure that this design would work in 

practice. As a quick run through, here were the steps taken for our gear calculations, the 

calculations themselves can be seen in Figures 4-7. 

 
Figure 4 
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Figure 5 

 
Figure 6 
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Figure 7 

 

1. First, an approximate center distance was chosen as well as a tooth number for the 

pinion. 

2. Next the desired speed ratio was selected, giving the number of teeth on the larger 

gear. 

3. Then, the gear module was calculated and rounded to the nearest available. 

4. The outside diameters of the gears were calculated, and a new center distance was 

calculated based on the module. 

5. The contact ratio was then calculated, and factors were chosen based on the expected 

usage that the geartrain would receive. 

6. Tangential force at the pitch diameter was then calculated along with required 

strength at the dedendum. The value sigma f would help us choose our gears for the 

next step. 

7. Next, a gear was selected as a test and the allowable tangential force at the pitch 

diameter. A few gears were chosen, and the process was repeated until a suitable gear 

was found. 

8. An allowable tangential force based on the allowable hertzian stress of the selected 

gear was found, which for this gearset was larger than the tangential force calculated. 

Center distance for the chain drive was calculated and a length of chain was also 

found. Double strand #35 chain was used since it allowed the required horsepower to be 

carried to the differential with ease. Center distance calculations can be seen in Figure 8. 
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Figure 8 

Now that the drive components were chosen, the rest of the drivetrain could be 

designed. Figure 9 shows a sketch of the drivetrain speed and torques can be seen at each 

stage, from the forward-reverse gearbox in the bottom left, to the rear differential in the top 

right. 

 
Figure 9 
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The suspension utilizes a hub design in combination with a four bar to allow vertical 

travel as well as heim joints at the pins to allow travel from side-to-side on rough terrain. The 

final design of the drivetrain and suspension can be seen in Figure 10 and 11. 

 
Figure 10 

 
Figure 11 
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With the design complete, assembly drawings and parts lists were created. Figures 12, 

13, and 14 show the first few pages of the drawing with a manufactured parts list, which 

corresponds directly to the individual parts drawings. For the drivetrain, plenty of exploded 

views were used to show fine details, like the wheel bearings in the hub, as well as the 

overall assembly broken down into manageable chunks for next year’s group. 

 
Figure 12 

 
Figure 13 



 

20 

 
Figure 14 
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PROJECT MANAGEMENT 
 

BUDGET AND SCHEDULE, PROPOSED/ACTUAL 

The proposed budget was ten thousand dollars, however with the current design, the 

group believes this is an overestimate. A new proposed budget would be around five 

thousand dollars, but this depends on how next year’s group sources the parts.   

The schedule changed from the fall semester since the overall scope of the project 

changed. The group met expectations for the schedule as discussed with our advisor. 

CONCLUSIONS 

Given the circumstances, the group performed well, achieving all objectives after the 

scope change. The group that will be taking on the project next year has been given a well-

crafted roadmap to the construction of the UTV and, given appropriate planning, should be 

able to complete the fabrication and assembly for the future owner. The group worked well 

designing around the existing components, only changing them where needed.  
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