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ABSTRACT 
 

 The need for drinkable water in third world countries has always been an issue and is 

still continuing to grow. They are limited by expenses and often depend upon organizations 

bringing items to help. 

 

 To address this need we designed and fabricated a water filtration utility vehicle. The 

vehicle we developed is smaller in size which will help lower the amount of gas used while 

running the vehicle. Then, we developed a simplistic design and an easy to maintain vehicle; 

due to a limitation of supplies organizations are able to bring and obtain while working in 

third world countries. 

 

 This utility vehicle allows for organizations to help third world countries with a limited 

supply of drinkable water. This vehicle includes a water filtration system and pump. This 

allows for people to drive to the nearest available water source to pump water from. Then, 

the water will go through the filtration system and they will have a tank of drinkable water 

once they make it back to their village. 
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INTRODUCTION 
Our team goal is to build an inexpensive water filtration utility vehicle.  The goal is to make 

a vehicle which is small and able to handle rough terrains. The objective of our project is to 

build a vehicle which is able to transport water, handle rough terrain and to be affordable.  

Then the secondary goal of the vehicle is to create a filtration system for the water tank so we 

are able to deliver fresh drinkable water. The advantageous of keeping it smaller with using 

an ATV body allows access to areas which larger vehicles will not be able to reach, and it 

allows for easier storage of the vehicle. 

 

My individual goal was to create and fix the steering and braking systems. They both needed 

to be updated because of the increase load with the added water tank and filtration system. So 

my goal was to keep both of these systems inexpensive, easy to maintain, and simplistic. 

These are very important factors to the design and build for both steering and braking system. 

This is because the vehicle is intended to be used in a third world country. 

 

RESEARCH 

PROBLEM STATEMENT 
The current issue is in many third world countries do not have easy access to drinkable water.  

What we hope to achieve is creating an inexpensive vehicle which allow for the 

transportation of water.  Our secondary goal is to make the tank incorporate a filtration 

system which will hopefully produce readily drinkable water.  This will help deliver clean 

water to areas which are in need of help. 

 

With the increase load from the addition of the water tank and filtration system will change 

the forces and stresses applied over the body of the ATV.  My objective is to figure out an 

effective braking system to stop the vehicle. With the problem being the added weight this 

changes the required force needed to stop the vehicle while also dealing with the weight 

transfer of the ATV while it is stopping. My second objective is the steering system and how 

the forces affect the tie-rods.  I will need to figure out the correct tie-rods needed which will 

be able to handle the increased forces acting upon them. 

 

INTERVIEWS 
9/5/14 

Interview with Senior Mechanic: Sean Marshall of Western Ohio Cut Stone, 1130Dingman-

Slagle Rd, Sidney, OH 45365 

He has 20+ years in the automation mechanic industry.  Car and truck mechanical industry. 

Possible areas of innovation in industry: Has built several utility vehicles including a sand 

buggy with a Volkswagen diesel engine. 

He mentioned several off road vehicles as a possible existing design such as; The Trail 

master Challenger, Cub Cadet Tracker, and John Deere Gator.   

Important features to include: Safety precautions and guidelines posted on vehicle, secure 

braking system, stability in turn radius, and cover for engine protection. 
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GENERAL RESEARCH-BODY TYPE 
John Deere Utility Vehicle: 

John Deere makes a 4 stroke 812 cc fuel injected utility vehicle.  The motor produces 50 hp 

at 6000 rpm.  It has a wheelbase of 79 inches and a towing capacity of 1500 lbs.  With its 

ground clearance and four wheel drive, it is capable of good off-road capability. Our idea is 

to make a vehicle similar to this with the exception of the back end being a large water tank 

instead of a flat bed. Please see figure 1 below for an image of the utility vehicle. (1) 

 

 
Figure 1- John Deere Utility Vehicle 

 

 

Honda Dirt Bike: 

Honda CRF100F has a four stroke and air-cooled engine which are both design features we 

wish to have. The height of the seat is 30.9 inches with 9.9 inches of ground clearance. It has 

an overall weight of 170 pounds. It has a top speed of 35 mph. The idea for the dirt bank is to 

have two side water tanks with the water pump mounted in the middle of the back end. 

Please see figure 2 below for an image of the dirt bike. (2) 

 

 
Figure 2- Honda CRF100F Dirt Bike 

 

Yamaha All Terrain Vehicle: 

2014 Grizzly 350, Auto. 4x4 has a four stroke, 348cc, and air/oil-cooled engine. It has a seat 

height of 32.6 inches with a ground clearance height of 9.7 inches. It has a wet weight of 568 

pounds. The front utility rack has a capacity of 88 pounds with a towing capacity of 1102 

pounds. The idea for the ATV body is to have a medium size water tank on the bank with the 

possibility of a towable tank as well. Please see figure 3 below for an image of the Yamaha 

ATV. (3) 
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Figure 3-Yamaha Grizzly 350 All Terrain Vehicle 

 

Yamaha All Terrain Vehicle: 

This is a 2013 Yamaha Rhino 700 4x4. It has a 686CC liquid-cooled 4-stroke, 4 valve motor.  

It is fuel injected and has an electric starting system.  It has a wheel base of 75.2 inches.  It 

has a towing capacity of 1212 lbs and a bed capacity of 400 lbs.   The wet weight of the 

vehicle is 1199 lbs. The idea is similar to the John Deere Utility Vehicle except this would 

just be a smaller scale overall for the whole project.  So again the idea would be to have a 

tank on the back instead of the flat bed. Please see figure 4 below for an image of the 

Yamaha Rhino ATV. (4) 

 
Figure 4- Yamaha Rhino 700 4x4 

 

BRAKES 
Drum Brakes: 

In researching drum brakes I discovered several advantages and disadvantages of using them 

compared to disc brakes. Then another component I discovered was there are two different 

types of drum brakes; which are long shoe and short shoe drum brakes.  The main difference 

is short shoe drum brakes are used as primary brakes, and long drum brakes are used as 

secondary braking forces. 

 

Drum brakes work by having “curved, rigid pads faced with the friction material are forced 

against the surface of a drum, from either the outside or the inside, exerting a tangential force 

to stop the load.” (5). Drum brakes have the ability to double as a parking brake, and allows 

for less needed parts on the vehicle since they are able to do both functions of braking and 
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parking brake.  Then in comparison to disc brakes the advantages of drum brakes include 

they cost less, less maintenance, better corrosion resistance, and a lower force input 

requirement from the driver. (6) Please see figure 5 (7)below depicting parts of a drum brake. 

 

 
Figure 5- Drum Brake 

 

Disc Brakes: 

In researching disc brakes I discovered several differences in it from drum brakes. Disc 

brakes work by having “A disc-shaped rotor is attached to the machine to be controlled. 

Friction pads covering only a small portion of the disc are contained in a fixed assembly 

called a caliper and are forced against the disc by air pressure or hydraulic pressure.” 

(5)There are several advantages of using a disc brake over drum brakes. The main advantage 

is it is able to perform better in wet conditions than a drum brake is.  Disc brakes also 

dissipate heat better and have a longer life expectancy. One major drawback of disc brakes is 

they require a separate parking brake. (8) Please see figure 6 (7) below for a detailed view of 

a disc brake. 

 

 
Figure 6- Disc Brake 
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STEERING 
Rack and Pinion: 

Rack and pinion steering system works by having a pair of gears where the gear at end of the 

pinion travels horizontally across the pivot points on the rack gear causing it to move side to 

side. (9) Just like any type of steering systems it comes with its own pros and cons.  The pros 

for rack in pinion include it has few parts which is useful since that means less parts you have 

to worry about braking. With having few parts it allows for the system to have less pivot 

points and allows for more precise maneuverability. Also, with having few parts it helps 

reduce the weight which means overall as a system it is lightweight. Since, it has few parts it 

allows for easier repair, and it is a common steering system where finding replacement parts 

should be easy. It has good road feel which allows for faster feedback to the driver through 

the driving system and allows for faster adjustment from the driver for a safer ride. (10). The 

rack and pinion steering system has few cons but the cons it does have are especially bad for 

an off road vehicle.  The system has low ductility and where rack and pinions do not bode 

well with off roading since they wear down easily.  Then the drawback of having few parts is 

it causes higher stresses in the parts you do have.  In the case of rack and pinions the high 

stress will cause high levels of fatigue in the rack assembly which tends to lead to leakage. 

Then since the rack and pinion has great road feel this tends to be an issue for off road 

vehicles because it transfer all the vibrations to the driver, and this causes the driver to 

become fatigued limiting the distance one is able to drive. (11) Please see figure 7 (12)below 

for a blown up detailed view of a rack and pinion steering system. 

 

 
Figure 7- Rack and Pinion Steering System 

 

 

Mechanical Steering System: 

Mechanical steering system is a simple steering system which is commonly implemented on 

all terrain vehicles. It works by having the tie rods directly linked the main steering shaft; so 

when you turn the handles it directly rotates the tie rods which rotates the tires. It is a very 

simplistic system. It uses the fewest parts out of any steering system I researched. Since this 

system has such few parts it makes it very light weight and inexpensive. This steering system 

does not require any fluids; which also contributes to the easy and low maintenance 

requirements. The few parts this system uses tend to be made stronger which increase the 

reliability of this system. The main con for this system is since there are few parts it causes 
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the stress to be higher in the few parts it does have. Please see figure 8 (13) below for a 

blown up detailed view of mechanical steering system. 

 

 
Figure 8- Mechanical Steering System 

 

 

Recirculating Ball Steering System: 

The recirculating ball steering system works by the following: 

 

 ”The recirculating ball steering mechanism contains a worm gear inside a block with a 

threaded hole in it; this block has gear teeth cut into the outside to engage the selector shaft 

which moves the Pitman arm. The steering wheel connects to a shaft, which rotates the worm 

gear inside of the block. Instead of twisting further into the block the worm gear is fixed so 

that when it spins, it moves the block, which transmits the motion back through the gear to 

the pitman arm, causing the road wheels to turn.” (14) 

 

The recirculating system has its own pros and cons just like any other system.  The first 

advantage for this is it uses a rolling system versus a sliding system it reduce the amount of 

friction within the steering system. This also provides two additional advantages for this 

system which are a greater reduction ratio and lighter steering.  Since there is less friction it 

makes steering the vehicle easier and reduces the overall wear of the system. (15). The cons 

for recirculating ball steering system are it tends to be more expensive compared to the other 

systems.  It is also bulky and heavy which will slow down the vehicle and put larger strain on 

the other components. Then it has low feedback to the driver, and it also has a dead angle.  A 

dead angle in the steering system is for a portion of wheel rotation there is no rotational 

effect transferred to the wheels. (16) Please see figure 9 (15) below for a detailed image of a 

recirculating ball steering system. 
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Figure 9- Recirculating Ball Steering System 

 

 

PRODUCT OBJECTIVES 
Objectives: 

 The product objectives are used for the different features of the product. These will all 

be in consideration of the product and consumers.  

 

1. Safety: 15% 

a. Able to stop quickly 

b. Rear and Forward brakes 

c. Parking brake 

d. Low wear on the driver 

e. Able to handle rough terrain 

 

2. Reliability: 25% 

a. Parts able to handle the full load of cart and not break 

b. Parts with long life expectancies 

 

3. Cost:  15% 

a. Brakes to cost under $100 

b. Steering upgrades to cost under $105 

c. Miscellaneous cost to be  under $50  

 

4. Maintenance: 15% 

a. Use common parts 

b. Low maintenance 

c. Easy to get to any part to work on/replace  

 

5. Simplicity: 20% 
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a. Use as few parts as possible 

b. Avoid parts which require any extra types of fluid 

 

6. Maneuverability: 10% 

a. Standard steering method 

b. Steering operation capable for human use 

c. Hand brakes with an arm reach of operator 

d. Turn radius to allow proper movement of vehicle 

 

COMPONENT SELECTION 

BRAKES 
In selecting the brake type I used a weighted ratings method on a 5 point scale. Using zero to 

four; where four is the high and zero is the low. Using the weighted scale allows for you to 

look at each product objective on an individual bases and decide how the current item fulfills 

it. 

Table 1- Brakes Weighted Ratings 

  
Drum Brakes Disc Brakes 

Criteria 
Weight 

(%) 
Rating 

Weighted 
Rating 

Rating 
Weighted 

Rating 

Safety 0.15 3 0.45 4 0.60 

Reliability 0.25 3 0.75 3 0.75 

Cost 0.15 4 0.60 2 0.30 

Maintenance 0.15 3 0.45 2 0.30 

Simplicity 0.20 3 0.60 3 0.60 

Maneuverability 0.10 3 0.30 3 0.30 

Total 1.00   3.15   2.85 

 

Applying the weighted rating method to compare the different type of brakes it shows drum 

brakes are the preferred option with an overall score of 3.15 compared to disc brakes score of 

2.85.  The biggest factor to help decide this was the difference in the cost scores. Other than 

this they were mostly comparable. Other reasons which helped contribute to drum brakes 

being the favored is they have the ability to double as a parking brake, and do not require 

hydraulic fluid.  Avoid using brakes which require the use of hydraulic fluids helps keep the 

braking system simplistic and lowers the maintenance.  Eliminating the hydraulic fluid for 

brake lines was huge since the difficulty third world countries would face if they need more. 

 

STEERING 
In considering how to select the steering system I used the weighted rating method, using a 

five point scale again with a range using zero to four. 
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Table 2- Steering Weighted Ratings 

  
Rack and Pinion Mechanical Recirculating Ball 

Criteria 
Weight 

(%) 
Rating 

Weighted 
Rating 

Rating 
Weighted 

Rating 
Rating 

Weighted 
Rating 

Safety 0.15 3 0.45 3 0.45 4 0.6 

Reliability 0.25 3 0.75 3 0.75 4 1 

Cost 0.15 3 0.45 4 0.60 1 0.15 

Maintenance 0.15 3 0.45 4 0.60 2 0.3 

Simplicity 0.20 3 0.60 4 0.80 1 0.2 

Maneuverability 0.10 3 0.30 3 0.30 2 0.2 

Total 1.00   3.00   3.50   2.45 

 

In looking at table 2 it shows mechanical steering is the best option out of the steering 

systems.  Mechanical got a score of 3.50, rack and pinion received a score of 3.00, and 

recirculating ball received a score of just 2.45. Overall what contributed to the mechanical 

steering having the best rating is it had the fewest parts, lowest maintenance requirements, 

and the least expensive.  Each the rack and pinion and recirculating ball steering required 

fluids in them which would be difficult for third world countries to obtain these items. Then 

for the maintenance if something were to break the mechanical one you would be the most 

likely to be able to use an alternative piece if they cannot obtain the actual needed part. 

 

CALCULATIONS 

BRAKING 
Please see Appendix B for step by step explanation on how each equation was solved. 

 

Table 3- Braking Calculations 

Braking Values 

Equations Values 

Mass 
24.845 
Slugs 

Acceleration  -8.8 ft/s^2 

Stopping Distance 115.64 ft 

Dynamic Weight Transfer 101.7 lbs 

Dynamic Front Axle Weight 431.7 lbs 

Dynamic Rear Axle Weight 368.3 lbs 

Required Braking Torque (Front) 
3270.13 

inlb 

Required Braking Torque (Rear) 
3038.48 

inlb 

Braking Force (Front) 
253.85 lbs 
per each 

tire 
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Braking Force (Rear) 
312.5 lbs 
per each 

tire 

Pedal Ratio  6:1 

 

STEERING 
Please see Appendix B for step by step explanation on how each equation was solved. 

 

Table 4- Tie-Rod Calculations 

Tie-Rod Calculations 

Equations Values 

Turning Force 131.25 lbs 

Force on Tie-Rod 378.75 lbs 

Compression 
Force 

381.59 lbs 

Stress on Tie-Rod 1658.37 psi 

 

FINITE ELEMENT ANALYSIS 
Using finite element analysis in Solid works I was able to complete the stress analysis of the 

brake pedal, see figure 10 below. This was done by having each member of the team 

applying the brake pedal with a scale under it to measure the applied force. The highest force 

which was applied was 208.2 pounds, which I then round up to 210 pounds. Then I applied a 

20% safety factor which gave me the final value of 252 pounds to use in the stress analysis. 

The brake pedal is made out of alloy steel, and the FEA results calculated the piece having a 

yield strength of 89980psi. Then the FEA calculated the highest stress on the part to be 

60960psi.  
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Figure 10- FEA Brake Pedal 

 

Next, I used FEA to figure out the stress analysis of tie-rods. I used the results from my 

calculations for the force I applied to the tie-rods, see figure 11 below. I used the 1658.37psi 

calculated for stress on the tie-rod with a 20% safety factor on it to apply 2000psi on the tie-

rod. The tie-rod was designed using AISI 4340 steel. The FEA results calculated yield 

strength of 103000psi, and stress analysis calculated the highest stress acting on the tie-rods 

at 15030psi. 

 

 
Figure 11- FEA Tie-Rod 
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COMPONENT DESIGN 
The brake pedal which was already on the utility vehicle easily passed the FEA stress 

analysis and the physical test where we applied forces to the pedal repeatedly. This showed 

the brake pedal was already designed strong enough, and I decided to keep the current brake 

pedal.  

 

 
Figure 12- Brake Pedal Model 

 

The component I designed was the tie-rods. The main part of design was the material type 

and size of the tie-rod. I decided to go with AISI 4340 for the material after comparing 

several different types. It has a high tensile strength of 160991.89 psi, and yield strength of 

102976.79 psi. I felt this material would be strong enough to hold up in toughest of 

environments. Then looking over the material spec sheet it was above the calculated forces 

which passed through the FEA stress analysis test. Then for deciding the size of the tie-rod I 

wanted to go with a standard size but bulky enough to withstand years of abusive in rough 

terrains. So I decided to go with a tie-rod with a diameter of 5/8. I used this in my 

calculations and got the results I wanted of a low stress force on the tie-rod. 
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Figure 13-Tie-Rod Assembly Model 

 
Figure 14- Complete Steering Assembly Model 

 

MANUFACTURING 
Overall for manufacturing there were no specialized processes for tooling or assembly 

needed. The overall manufacturing and assembly of the components was simplistic. This 

means I was able to achieve the objective of trying to keep it simplistic for the use in third 

world countries. 

 

The brakes need no manufacturing at all. I replaced the drum brakes with new brake pads. 

Then, I ran new brakes cables for both the front and back brakes. From running new brakes 

lines this fixed the remaining issue with the brakes. 
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Figure 15- Old Brake Cables 

 

 
Figure 16-New Brake Cables Installed 

 

The tie-rods I had new ones manufactured complete by Motosport. Once I received the parts 

I assembled them onto the utility vehicle. Once assembled the only modification needed was 

tweaking the lengths of the tie-rods by adjust the how far the tie-rod ends were inserted into 

the bar. This was done to adjust the steering and make sure the ATV drove straight.  
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Figure 17- Manufactured Tie-Rod 

 

 

 

  

Figure 18-Assembled Tie-Rod 
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TESTING RESULTS 
The testing was completed on a day where the ground was slightly wet and muddy. The 

testing for the tie-rods was conducted over a four hour period. This included driving the 

vehicle through various types of rugged terrain. The vehicle was driven over logs, rocks, 

mud, puddles, and hills. The vehicle managed to handle well in all terrains. At the end of the 

testing I checked the tie-rods and there were no signs of deformation or braking. 

 

 
Figure 19- Test Driving Over Muddy Terrain 
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Figure 20- Test Driving Over Rocks 

 

Testing the brakes I completed a series of three separate tests for the brakes. The tests 

include, front brakes only, rear brake only, and both front and rear brakes being applied. 

Each test was completed ten times. I measured the speed of the bike right before the brakes 

were applied using a Bushnell velocity radar gun.  

 

Table 5- Rear Brake Test 

Rear Brake Only 

Test 
Speed 
(mph) 

Time (s) 
Stopping 
Dist (in) 

1 18 1.79 123 

2 21 2.05 143 

3 20 1.98 138 

4 19 1.86 129 

5 18 1.75 120 

6 17 1.67 114 

7 19 1.88 131 

8 21 2.08 146 

9 19 1.85 127 

10 20 1.95 136 

Avg. 19.20 1.886 130.70 
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Table 6- Front Brakes Test 

Front Brakes Only 

Test 
Speed 
(mph) 

Time (s) 
Stopping 
Dist (in) 

1 18 1.89 219 

2 20 2.06 239 

3 17 1.81 208 

4 20 2.08 242 

5 19 1.95 227 

6 20 2.10 246 

7 21 2.21 260 

8 18 1.87 215 

9 19 1.98 231 

10 21 2.24 264 

Avg. 19.30 2.019 235.10 

 

 

Table 7- Front and Back Brakes Test 

Front and Back Brakes 

Test 
Speed 
(mph) 

Time (s) 
Stopping 
Dist (in) 

1 20 1.17 86 

2 19 1.10 80 

3 21 1.24 92 

4 18 1.03 75 

5 19 1.12 83 

6 19 1.09 78 

7 20 1.19 88 

8 17 0.98 71 

9 21 1.27 96 

10 18 1.06 77 

Avg. 19.20 1.125 82.60 
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Figure 21- Testing Brakes 

 

PROJECT MANAGEMENT 

SCHEDULE  
This project began in September.  We plan to finish the project with a presentation and a 

working design within our budget in April.  Our original schedule had to change since we 

changed our scope of work for the project. A gathering of supplies and parts for the project 

will begin in early February and the fabrication will begin shortly after in mid to late 

February.  Final testing will be in late March to early April. This will lead us into the last 

stages with the Tech Expo in mid April. See Appendix D for a larger version of the schedule, 

or to reference the original schedule. 
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BUDGET 
My budget includes the items for the braking and steering systems. The cost includes any 

hardware pricing, taxes, shipping and handling, and service fees. My total proposed budget 

for these items is $255. The proposed values obtained from researching what was available 

on the market and averaging their prices.  This way it helped me focus on trying to keep the 

budget lower and try to meet the product objective of an inexpensive vehicle.  Please see 

table 6 below for a comparison of the actual versus proposed budget. 

 

Table 9- Budget 

Components Proposed Actual Difference 

Brakes $80.00  $83.88  ($3.88) 

Brake Cables $20.00  $51.24  ($31.24) 

Misc. Parts/Service $50.00  $0.00 $50.00  

Tie-Rods $105.00  $103.99  $1.01  

Total $255.00  $239.11  $15.89  

 

Table 8- Project Schedule 
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CONCLUSIONS 
 

The proof of design for the braking system was the vehicle with the attached full water tank 

and filtration system was able to meet the requirement of having to stop in less than five 

seconds. The front brakes alone averaged a stopping time of 2.019 seconds, the rear brakes 

alone averaged 1.886 seconds, and when both front and rear brakes were applied the vehicle 

stopped at an average of 1.125 seconds. Then the vehicle was able to stop under the required 

stopping distance of 115 inches, this is for when both the front and rear brakes are applied. 

The testing proved to be successful with the bike having an average stopping distance of 

82.60 inches when the front and rear brakes are applied. 

 

The proof of design for the steering system was test driving the vehicle for a four hour 

continuous test. In this time I drove the bike over and through numerous logs, rocks, hills, 

puddles, and mud. This testing was completed with the added weight of the water tank and 

filtration system. It was able to handle driving over the rough and rigorous terrain. After the 

four hours of testing was completed I checked the tie-rods and they showed no signs of 

deformation or braking. 

 

The end results for the designs and changes I made to the bike were effective. I managed to 

meet the design requirements of remaining inexpensive, safe, reliable, and simplistic. The 

brakes meet their required braking time. The steering worked successfully and allows for 

quick directional adjustments to keep the driver safe. The tie-rods were made using AISI 

4340 which is a strong material and thus making the bike more reliable. I was able to make 

all the needed changes and remain under the targeted budget of $255. One main factor of 

achieving this was by keeping the component designs simplistic. Using the simplistic designs 

for the steering and braking system resulted with low maintenance requirements. Overall, the 

brake and steering systems meet the proposed designs and worked successfully. 
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APPENDIX A- RESEARCH 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9/5/14 

Interview with Senior Mechanic: Sean Marshall of Western Ohio Cut Stone, 

1130Dingman-Slagle Rd, Sidney, OH 45365 

He has 20+ years in the automation mechanic industry.  Car and truck mechanical industry. 

Possible areas of innovation in industry: Has built several utility vehicles including a sand 

buggy with a Volkswagen diesel engine. 

He mentioned several off road vehicles as a possible existing design such as; The Trail 

master Challenger, Cub Cadet Tracker, and John Deere Gator.   

Important features to include: Safety precautions and guidelines posted on vehicle, secure 

braking system, stability in turn radius, and cover for engine protection. 
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Honda Dirt Bike 

Honda Powersports 

9/12/14 

 

Honda CRF100F is a four stroke and air-cooled engine which are both design features we 

wish to have. The seat height is 30.9 inches with 9.9 inches of ground clearance, and an 

overall weight of 170 pounds. It has a top speed of 35 mph. The idea for the dirt bank is 

to have two side water tanks with the water pump mounted in the middle of the back end. 

(2) 

 

 
John Deere Utility Vehicle 

John Deere 

9/5/14 

 

John Deere makes a 4 stroke 812 cc fuel injected utility vehicle.  The motor produces 50 

hp at 6000 rpm.  It has a wheelbase of 79 inches and a towing capacity of 1500 lbs.  With 

its ground clearance and four wheel drive, it is capable of good off-road capability.  Our 

idea is to make a vehicle similar to this with the exception of the back end being a large 

water tank instead of a flat bed. (1) 
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Yamaha All Terrain Vehicle 

Yamaha Powersports 

9/12/14 

 

2014 Grizzly 350, Auto. 4x4 has a four stroke, 348cc, and air/oil-cooled engine. It has a 

seat height of 32.6 inches with a ground clearance height of 9.7 inches. It has a wet 

weight of 568 pounds. The front utility rack has a capacity of 88 pounds with a towing 

capacity of 1102 pounds. The idea for the ATV body is to have a medium size water tank 

on the back with the possibility of a towable tank as well. (3) 

 

 
Yamaha All Terrain Vehicle 

Yamaha Powersports 

9/12/14 

 

This is a 2013 Yamaha Rhino 700 4x4. It has a 686CC liquid-cooled 4-stroke, 4 valve 

motor.  It is fuel injected and an electric starting system.  It has a wheel base of 75.2 

inches.  It has a towing capacity of 1212 lbs and a bed capacity of 400 lbs.   The wet 

weight of the vehicle is 1199 lbs. The idea is similar to the John Deere Utility Vehicle 

except this would just be a smaller scale overall for the whole project. So again the idea 

would be to have a tank on the back instead of the flat bed (4) 
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Drum brakes work by having “curved, rigid pads faced with the friction material are 

forced against the surface of a drum, from either the outside or the inside, exerting a 

tangential force to stop the load.” (5) Drum brakes have the ability to double as a parking 

brake, and allows for less needed parts on the vehicle since they are able to do both 

functions of braking and parking brake.  Then in comparison to disc brakes the 

advantages of drum brakes include they are more inexpensive, less maintenance, better 

corrosion resistance, and a lower force input requirement from the driver. (6) 

 

 
 

In researching disc brakes I discovered several differences in it from drum brakes. Disc 

brakes work by having “A disc-shaped rotor is attached to the machine to be controlled. 

Friction pads covering only a small portion of the disc are contained in a fixed assembly 

called a caliper and are forced against the disc by air pressure or hydraulic pressure.” (5) 

There are several advantages of using a disc brake over drum brakes. The main advantage 

is it is able to perform better in wet conditions than a drum brake is.  Disc brakes also 

dissipate heat better and have a longer life expectancy. One major drawback of disc 

brakes is they require a separate parking brake. (8) 
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Rack and pinion steering system works by having a pair of gears where the gear at end of 

the pinion travels horizontally across the pivot points on the rack gear causing it to move 

side to side. (9) Just like any type of steering systems it comes with its own pros and 

cons.  The pros for rack in pinion include it has few parts which is useful since that means 

less parts you have to worry about braking. With having few parts in allows for the 

system to have less pivot points and allows for more precise maneuverability. Also, with 

having few parts it helps reduce the weight which means overall as a system it is 

lightweight. Since, it has few parts it allows for easier repair, and it is a common steering 

system where finding replacement parts should be easy. It has good road feel which 

allows for faster feedback to the driver through the driving system and allows for faster 

adjustment from the driver for a safer ride. (10). The rack and pinion steering system has 

few cons but the cons it does have are especially bad for an off road vehicle.  The system 

has low ductility and where rack and pinions do not bode well with off roading since they 

wear down easily.  Then the drawback of having few parts is it causes higher stresses in 

the parts you do have.  In the case of rack and pinions the high stress will cause high 

levels of fatigue in the rack assembly which tends to lead to leakage. Then since the rack 

and pinion has great road feel this tends to be an issue for off road vehicles because it 

transfer all the vibrations to the driver, and this causes the driver to become fatigued 

limiting the distance one is able to drive. (11) 
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Mechanical steering system is a simple steering system which is commonly implemented 

on all terrain vehicles. It works by having the tie rods directly linked the main steering 

shaft; so when you turn the handles it directly rotates the tie rods which rotates the tires. 

It is a very simplistic system. It uses the fewest parts out of any steering system I 

researched. Since this system has such few parts it makes it very light weight and 

inexpensive. This steering system does not require any fluids; which also contributes to 

the easy and low maintenance requirements. The few parts this system uses tend to be 

made stronger which increase the reliability of this system. The main con for this system 

is since there are few parts it causes the stress to higher in the few parts it does have. 
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The recirculating ball steering system works by the following: 

 

 ”The recirculating ball steering mechanism contains a worm gear inside a block with a 

threaded hole in it; this block has gear teeth cut into the outside to engage the selector 

shaft which moves the Pitman arm. The steering wheel connects to a shaft, which rotates 

the worm gear inside of the block. Instead of twisting further into the block the worm 

gear is fixed so that when it spins, it moves the block, which transmits the motion back 

through the gear to the pitman arm, causing the road wheels to turn.” (14) 

 

The first advantage for this is it uses a rolling system versus a sliding system it reduce the 

amount of friction within the steering system. This also provides two additional 

advantages for this system which are a greater reduction ration and lighter steering.  

Since there is less friction it makes steering the vehicle easier and reduces the overall 

wear of the system. (15). The cons for recirculating ball steering system are it tends to be 

more expensive compared to the other systems.  It is also bulky and heavy which will 

slow down the vehicle and put larger strain on the other components. Then it has a low 

feedback to the driver, and it also has a dead angle. A dead angle in the steering system is 

for a portion of wheel rotation there is no rotational effect transferred to the wheels. (16) 
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APPENDIX B- CALCULATIONS 

BRAKING CALCULATION 
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STEERING CALCULATIONS 
 

                                                     

                       

                         
 

 

                  
                

                   
 

                  
           

   
 

                            
 

 

                   
                

                       
 

                   
      

      
 

                             
 

 

                   
                 

                    
 

                   
      

   
 

  
 
 

     
 

  
 
 

 
 

                               



 

38 

APPENDIX C – BILL OF MATERIALS 
 

Bill of Materials 

Qty Item 

3 Front Brake Cable 

1 Rear Brake Cable 

3 Drum Brake Pad 

1 Brake Pedal 

2 Tie-Rod 

4 Tie-Rod End 

4 Jam Nut 
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APPENDIX D– SCHEDULE 
 

PROPOSED SCHEDULE 
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ACTUAL SCHEDULE 
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APPENDIX E- BUDGET 
 

Components Proposed Actual Difference 

Brakes $80.00  $83.88  ($3.88) 

Brake Cables $20.00  $51.24  ($31.24) 

Misc. Parts/Service $50.00  $0.00 $50.00  

Tie-Rods $105.00  $103.99  $1.01  

Total $255.00  $239.11  $15.89  

 

For the proposed budget those numbers were achieved by general research and comparing 

and averaging out the prices of what I found online.  I figured by going with an average of 

what the going prices were it will be a good goal to try to remain under.  This way by 

keeping it under the proposed cost will help meet the product objective of trying to remain 

inexpensive. 
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APPENDIX F – PART DRAWINGS 
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