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Informative Abstract 
 
 Many sport all-terrain vehicle (ATV) riders find transporting their ATVs by 

trailer to be a big hassle.  The Hitch Mounted Carrier for a Yamaha Blaster eliminates the 

need for a trailer, allows a pickup truck to transport two ATVs safely without a trailer, 

and is easier to use than other hitch mounted carriers.  This prototype is designed for any 

model year of Yamaha Blaster ATV.   

Initially, surveys were given to ATV riders, which is the target audience.  These 

surveys of potential customers helped to establish a need for this product such as this, and 

supplied information on customer requirements used to develop a QFD (Quality Function 

Deployment).  Analysis of the QFD established multiple customer requirements, but 

three requirements were found to be priority by all surveyed riders.  These three key 

requirements are: the prototype must be relatively low in weight, cost must be under 

marketed products, and smaller than marketed carriers.  These key wants are what the 

prototype was design around. 

 This report covers the entire design process from initial customer surveys through 

the design and building of the prototype to the final prototype testing.  Emphasis is placed 

on how these steps were conducted in order to achieve the three main customer 

requirements: low weight, low cost, and small in size.  Testing of the prototype showed 

that the weight is 43 lbs.  This was achieved by using the minimal amount of steel to 

safely hold the ATV.  By using the least amount of steel, the prototype was found to be 

relatively small.  The prototype is 32.5" long, 21" wide, and 10.5" tall.  The mass 

production cost for the prototype is $267.  This was achieved by using bulk rates for 

materials, estimated labor from a machine shop, and leftover usage of material.  The 
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report concludes with recommendations for further improvements to the prototype such 

as increasing its visibility to other motorists and adaptability for other marketed ATVs.   
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Introduction 

With the growing sales of sport all-terrain vehicles (ATV), particularly the 

Yamaha Blaster, there is a growing need for better ways of hauling, while at the same 

time trying to save gas, travel time and effort to load.  For many riders, owning two or 

more ATVs is common. This means towing a trailer is mandatory and can create many 

problems.   

Existing Products 

With the use of a marketed hitch attachment, most of the problems with a trailer 

are eliminated.  On the other hand, new problems arise.  These attachments range in 

weights from 116 lbs to 255 lbs [1].  Most people are not able to maneuver such weight.  

Also there is a ground clearance problem that is created.  With a four-foot bar hanging 

out of the hitch it is easy to bottom out going on or off of a curb or bump.  This length 

also makes the use of ramps to the tailgate very tricky because they do not allow proper 

clearance for the ramps to reach the ground.  This can be seen in the picture below where 

the truck has been backed up to a hill for proper clearances [2].  

 

 
Ramp Usage Problem (Figure 1). 

Another problem with these carriers is that they hold the wheels of the ATV inline 

with the exhaust of the towing vehicle if it has dual rear exhaust.  On a long trip the 

exhaust heats the ATV’s tires and blackens the rims.   
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Patent Search and Market Products 

While searching for patents of relative subjects [3] (5,699,985), (5,857,824), 

(4,635,835), (6,139,247), these patent numbers found aid in the transportation of all-

terrain vehicles, but fall short of satisfying all the earlier stated problems.  Many of them 

also seem to be very heavy and awkward such as patent number 4,635,835.  They all use 

the principle of holding the tires up, instead of the frame.  But almost every one has a 

unique way of raising and mounting the ATV.  For example, patent number 4,635,835 

[3], uses two bars that attach to the rear axle of the ATV and it is manually lifted to an 

upright position.  The design is simple, but is very difficult to load and has drawbacks 

because the position that the ATV is mounted in causes engine oil to leak into the 

carburetor.  These patents were useful in improving the design of this apparatus to make 

it easily loadable.   

Secondly, in the search for information, many websites selling different types of 

ATV hitch transporters were found.  These websites [2] were found to have about the 

same qualities as the found patents [3].  These marketed products use the principle of 

holding the ATV up by the wheels, which requires the use of more steel or aluminum.  

These websites aided in designing of the prototype under hitch specifications.  The 

tongue weight information on Class III and IV hitches was found from these websites.  It 

was found that a Class III hitch is able to carry 500 lbs tongue weight and the Class IV is 

capable of 1000 lbs tongue weight. 

Senior Design Search 

 Searches were also performed throughout all Senior Design projects [4] and one 

pertained to hauling an ATV.  This one also used a hitch insert method, but acted as a bed 
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extension.  This attachment, even though the weight wasn’t stated, seemed very heavy 

and required at least two people to mount. 

Customer Research 

Customer research was also done through surveys to ATV riders.  These surveys 

were taken to determine what the buying market would like to have in a hitch attachment.  

The survey results are discussed further in the design selection section later in this report.  

The results found in the surveys led to the design criteria for the carrier to meet or 

exceed.  These objectives are aspects that the surveyed riders wanted and what the 

marketed products lacked or where improvement was needed. 
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Design Requirements/Specifications 

With the use of the survey information, the problem objectives were constructed.  

These are features that make the design become a multi-problem solver.  The table below 

shows the problems, the proposed solutions, and the measurable objectives to which the 

apparatus will meet or exceed. 

Problem Elements 
 

Solution Elements 
 

Performance Objectives 
 
Cost 
 
 
Weight 
 
 
Size 
 
 
 
Material Usage 
 
 
 
 
Mounting 
 
 
Gas Consumption 
 
 
Compatibility 

 
Relative low cost compared 
to marketed products 
 
Lightweight compared to 
marketed products 
 
Smaller size than marketed 
products 
 
 
Uses the least amount of 
material to keep weight and 
cost at a minimum 
 
 
Can be easily carried and 
mounted 
 
No need for a trailer 
 
 
Can use loading ramps 
while attachment is 
occupying hitch 

 
Shall cost under $250 
 
 
Shall be under 150 lbs. 
 
 
Shall be under 4 ft long and 4 ft wide 
and 2 ft tall.  (Average size of 
marketed products.) 
 
 
 
 
 
 
Can be mounted to towing vehicle in 
under 3 minutes. 
 
Gain at least 5% more gas mileage 
than hauling trailer 
 
 
 

 
Ground Clearance 

 
Higher approach angle 

 

Problem Objectives (Table 1). 
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Design Solution 
 
 Design Alternatives 

Three alternative designs were created for choosing the best way to meet all of the 

performance elements in the proof of design.  Design alternative one consists of a main 

support beam that has two cross members with seven-inch risers attached to them.  On 

top of these risers are welded flanges with holes drilled in them for securing the ATV to 

the carrier by bolts.   The simple sketch below shows this described design. 

 

 
U-Bracket 1 (Figure 2) 

 The second design alternative consists of the same setup, but uses a telescoping 

riser arm that lowers to ground level so that the ATV is secured to the carrier.  The rider 

would then have to push the ATV back up to lock it in the upright position.  The design 

below is a hand drawing of the second design alternative. 

 
Telescoping Arm 1 (Figure 3) 
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The third design consists of the same carrier as design alternative one, but instead 

of flanges on top of the risers, a pan is on top.  This design uses a ramp so the rider would 

be able to push the ATV up to the top of the pan.  Once the ATV is on the pan, it is 

secured using brackets that go over each footpeg. The sketch of the design is shown 

below.  

 
Ramp Slider 1 (Figure 4) 

 Design Selection 

To determine exactly what the ATV riders would look for in a hitch attachment, a 

survey was given to twenty various ATV riders.  A compiled survey can be found in 

Appendix A.  With the information obtained from the surveys, a spreadsheet was created 

to find the customer importance for individual aspects of the carrier to be designed.  This 

spreadsheet below shows how the key aspects ranked and what others were created by the 

additional comments. 

 

 

 

 

 

 8



     
RATING (%) 1 2 3 4 5 % Out of 20 surveys
Mounting   25 55 20 100% 
Storage  5 25 50 20 100% 

Ease of loading   5 25 70 100% 
Weight   5 15 80 100% 
Cost  5 15 15 65 100% 

Compatibility   85 15  100% 
Size 5 15 50 15 15 100% 

Ground clearance   10   10% 
Increase vehicle length  5    5% 

Gas consumption   10   10% 
Trouble free    5 20 25% 

Serviceability   5   5% 
       

 
means asked in 
survey directly    

 
means added by 

comments    
 

Survey Customer Importance (Table 2) 

 The table shows that weight and ease of loading are the two greatest aspects that 

ATV riders would like to see in a hitch attachment.  Cost was also found to be a big 

concern of the people surveyed with sixty-five percent saying it is most important. 

Using these numbers, a House of Quality was created to find the weighted 

importance of each objective.    This House of Quality, in Appendix B, gave the relative 

weights to be used in a weighted objective method. It was found that mounting, ease of 

loading, weight, and storage yield the highest relative weight when a consumer is 

shopping for a hitch attachment.   

All of these weights found for each element were used to determine which design 

would best satisfy the consumer. To do so, a weighted objective method was used to find 

the best alternative design.  The result from this method shows that either alternative one 

or three should be chosen.  Alternative three was chosen due to its ease of loading, which 
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was felt to be one of the greatest importances to the consumer.  The weighted objective 

method used can be viewed in Appendix C. 

Design Analysis 

All of the dimensions needed to analyze the carrier were created from 

measurements taken from a 1988 Yamaha Blaster.  Other critical dimensions were found 

by measuring what the ATV needs to clear the exhaust and the bumper of the towing 

vehicle.  The measurement for the bumper clearance will work for any towing vehicle 

since class III and IV hitches are made to extend to the outside edge of the bumper.  The 

exhaust clearance measurement is also the same for all vehicles since these hitches 

protrude just under the bumper for every vehicle.

  

 Ramp Slider 1 (Figure 4) 

Ramp Pushing Force (Sketch 1) 

Force and stress analysis on the Ramp S

alternative was done to find the forces at various

spots throughout the proposed design.  Worst-case 

scenarios were created to determine the maxim

forces that the carrier would be subjected too.  These 

scenarios consisted of when the ATV is being loaded

and when it is being transported because the carrier 

would be subjected to impact loading when bump

lider 

 

um 

 

s in 

the roa

e 

of over 600 pounds (Appendix D) was calculated to push the ATV up the ramp.  The 

d are traveled over.  

The ramp to be used was also analyzed to find the force required to push the ATV 

up the ramp to load onto the carrier.  With a weight of 337 lbs [5,6] for the ATV a forc
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loading design was changed due to the required force.  It is virtually impossible for a 

human to push this required force.   

Redesign of Alternative 3 

The new design consists of the same carrier, but now has an extension piece that 

is inserted into the main support beam as seen below.  This extension bar allows the 

carrier to accept any marketed ramps.  One ramp is placed on the main support beam 

ramp supports by the hitch and the other on the extension piece ramp supports.  The ATV 

with this design can be driven or pushed onto the carrier.  As the ATV slides over the top 

pan, the front tires become suspended from the ramps.  The ATV continues sliding until 

the ATV’s frame becomes wedged between the two loading guides.  These loading 

guides are the carrier’s clamps turned ninety degrees parallel with the edge of the pan.  

Once this occurs, the ATV is to its securing position.  Since the extension piece is 

removable, the overall length of the carrier during transport is not changed. All of the 

frame pieces are constructed out of 2” x 2” x 0.25” steel bars since Class III and IV 

hitches require this size for proper attaching.  Also this size is used else where because of 

its structural integrity. 

Ramp 
Supports 

 

Clamps / 
Loading 
Guides
 

Extension 
Bar 

Assembly 

Loading Carrier (Drawing 1) 
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Also the clamps used to secure the ATV were designed.  These clamps are created 

out of 11/16” square bar that is cut and welded to obtain the design shape.  This size of 

material was selected since it will fit into the 1” x 1” x 0.15” clamp holder. These frame 

clamps, pictured above, hold the ATV in all directions by simply extending over the top 

of the frame member and extending between a cross member and support brace on the 

ATV’s frame.  There is no need for straps to hold the ATV.  These clamps are placed 

inside a 1” square bar that is welded to the carrier.  The clamps are held in place by a ¼” 

pin.   

Stress Analysis 
 
With the design problem solved, the stresses were calculated for the carrier and 

new extension pole.  Three worst-case scenarios were created to determine whether the 

carrier would be able to handle all loading conditions.  The first case was while the ATV 

is being loaded. The weight of the rider and ATV were used as the total force to 

determine the bending stress at the point on the main beam where it enters the hitch.  It 

was analyzed there because that is the single point that has to handle all of the forces and 

moments applied.  The bending stress was found to be 14,500 psi (Appendix D).  A yield 

strength [11] for 1018 cold drawn steel of 53,700 psi (Appendix D) used to find the factor 

of safety.  These numbers give a factor of safety of 3.70 (Appendix D).  

The next case analyzed was when the ATV is already loaded and sitting on the 

carrier with the riders weight added again.  With a calculated bending stress of 14,200 psi 

(Appendix D) at the hitch, the stress is drastically smaller than the yield strength of the 

material.  This yields a factor of safety of 3.78, which again is suitable.   
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The third worst-case scenario analyzed was with the ATV loaded and being 

transported.  The main force from the weight of the ATV was used to find its resulting 

bending stress.  The value calculated of 8,150 psi, yields a factor of safety of 6.58.  A 

factor of safety of 4 or higher was recommended by the textbook, “Machine Elements in 

Mechanical Design” written Mott (9) for unknown impact loading. Since the range of 

bumps or holes varies greatly in transport, the calculated factor of safety is highly 

suitable for the application. 

Design Assembly 

The chosen design needs to be assembled in an organized way so that the carrier 

properly holds the ATV.  A bill of materials (Appendix E) was created for the purpose of 

knowing what pieces are required and their sizes.  Detailed part and assembly drawings 

were created that show all dimensions and material to be used to create parts (Appendix 

F).  Also with the bill of materials is an exploded view of the carrier to give an easier 

understanding of how the carrier is created.  Once these pieces are made from raw stock, 

the assembly drawing in Appendix F allows for anyone to completely fabricate the 

chosen ATV hauling device and clamps.  All critical dimensions are shown on three 

views of the main support structure.  The pan on top was left out of the drawing for ease 

of viewing.  This pan is simply welded to the top of the risers, corner to corner, with the 

forty-five degree bend on the left side of the carrier when looking at the rear of the frame.  

Mating surfaces are welded with E6011 welding rods.  The only exception is the pan.  It 

was wire feed welded (MIG) to the top face of the risers.  All welds should be completely 

around each member joint.  With all of the drawings in hand, the prototype can be 

fabricated. 
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Prototype Fabrication 

 The components of the carrier were fabricated using multiple tools.  The main 

carrier assembly pieces and carrier attachments were cut by a band saw from various 

sizes of 1018 cold drawn steel.  The dimensioned pieces were all joined together using 

either an Arc welder or MIG welder.  Some grinding was done to smooth edges and 

welds for a show finish and in preparation for painting.  The main carrier assembly pieces 

were all arc welded for structural integrity, except for the pan, ramp and pan supports, 

and the clamps which were MIG welded for grinding purposes.  MIG welds are less 

porous and allow for a smoother finish from grinding.  These welds were ground using an 

angle grinder. 

The main support beam of the carrier was fabricated from 2” x 2” x ¼” steel tube.  

The hitch pin hole was drilled in the end using a standard drill press.  This is critical to 

use because the two holes have to line up for the hitch pin to go through and also the 

hitch pin is what holds the carrier in the hitch during transport.   

Another part that was fabricated from this same stock size was the extension bar.  

This bar, along with the main support beam, had the ramp supports Arc welded on them.  

These ramp supports were cut from ¼” square bar and welded together into the design 

“U” shape using a MIG welder.  This again was done for a smooth surface finish.  The 

welded ramp supports were Arc welded to the main support beam and extension bar 

because of the higher strength weld that is achieved by this welder. 

The clamps used for the prototype were also MIG welded simply for the reason of 

smoothing each joint for appearance purposes.  Snagging is also another issue that is 
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solved by grinding the welds on the clamps.  This allows smooth operation of the clamps 

while securing the ATV. 

The components and methods used are all simple.  The pieces described are the 

ones that serve as a key aspect in the way the carrier functions.  Great detail went into 

these pieces to make the use of the carrier as simple as possible, also to keep a pleasing 

appearance.  With the carrier completely fabricated, the building cost was able to 

calculated for the prototype. 

Building Cost 

 Since this prototype may be sold on the market, a number of units to be sold had 

to be determined.  With a goal of selling 1000 attachments in a year, the overall building 

cost could be found.  A spreadsheet was created that took into account this selling 

number and used bulk rates for the steel.  An estimated labor was found by a local 

machine shop and used to calculate the labor for mass production.  The total building cost 

per carrier with labor was found to be $267 (Appendix G).   

This amount does not take into account the leftover steel from each carrier; hence 

10% of the required steel was removed because of use of left over pieces from the carrier 

before in production.  There also is no profit considered, so 25% of the building cost is 

added for profit.  With all of this the market cost was found to be $330 (Appendix G).   
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Schedule 

To complete the entire design process, a schedule was created to follow.  This 

schedule below allowed the design process flow smoothly and on a timely fashion.  This 

was the key to having this prototype be a success. 

  November December January February March April May June 
Product Research                                                                 
Patent Research                                                                 
Standards Research                                                                 
Estimated Budget                                                                 
Proposal                                                                  
Proof of Design                                                                 
Design Concepts                                                                 
Design                                                                 
Finished Drawings                                                                 
Analysis                                                                 
Oral Presentation                                                                 
Design Freeze                                                                 
Design Report                                                                 
Order Parts                                                                 
Part Fabrication                                                                
Assemble                                                                 
Test                                                                 
Tech Expo                                                                 
Oral Report                                                                 
Final Report                                                                 
Graduation                                                                 
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Testing 

The carrier performance objectives needed to be assigned a method of testing so 

that the found problem elements of using either a trailer or the marketed hitch 

attachments could be compared to the prototype.  The prototype was tested for these 

objectives and compatibility with multiple vehicles and different model years of Yamaha 

Blasters.  The table below shows all aspects tested for and the prototypes results. 

Problem Elements 
 

Performance 
Objectives 

Testing Method 
To Be Used 

 
Prototype 

Results 
 
Cost 
 
 
 
Weight 
 
 
Size 
 
 
 
 
Material Usage 
 
 
Mounting 
 
 
 
Gas Consumption 
 

 
Shall cost under $250 
 
 
 
Shall be under 150 lbs. 
 
 
Shall be under 4 ft 
long and 4 ft wide and 
2 ft tall. (Average size 
of marketed products.) 
 
 
 
 
Can be mounted to 
towing vehicle in 
under 3 minutes. 
 
Gain at least 5% more 
gas mileage than 
hauling trailer 
 
 
 

 
Use Final Market 
analysis to prove 
true 
 
Weigh carrier on 
scale 
 
Overall dimensions 
 
 
 
 
Footage of Material 
used 
 
Timed Mounting 
 
 
 
Spreadsheet with 
gas consumption 
data 
 
 

 
Selling Price of 
$330 
 
 
43lbs 
 
 
32.5" long, 21" 
wide, and 10.5" 
tall 
 
 
18.3 ft 
 
 
Under 1 minute 
 
 
 
Saves 3 mpg 
23% gain in mpg 

 Testing Methods (Table 3)

The complete carrier was inserted into five different towing vehicles.  These 

vehicles consisted of a Ford F-150 and 350, Dodge Ram, Ford Ranger, and a Ford 
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Bronco.  Each vehicle had a Class III hitch except one, the F-350, which had a Class IV 

hitch.  The carrier was loaded with two model years, 1988’ and 1996’, Yamaha Blasters 

for clearances and fit.  In all applications, both ATV’s cleared the rear bumper on the 

towing vehicle and was approximately an inch from each rear bumper.  Whether it was a 

Class III or IV, the ATV could be secured and transported safely. 

 The carrier was also loaded with an ATV and taken off-road to test its ability to 

withstand hard bumps and impacts.  While off-roading, the carrier also was subjected to 

an unplanned, bottom side impact with a large rock.  When this happened, the carrier held 

a large amount of weight of the vehicle and still safely secured the ATV without bending 

or breaking.   

 The testing found that the carrier handled more than what it was made to.  With 

this testing, it was found that whether a Class III or IV hitch was used, it doesn’t affect 

the loading of the ATV.  Not one of the vehicles posed any problems for the carrier for 

loading or transporting. 
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Conclusions 

 Using surveys to obtain what potential customers would look for in a carrier, three 

alternative designs could be evaluated to determine which was suited the customer.  This 

was done by a weighted objective method.  Once the design was chosen, it was 

dimensioned to fit a Class III or IV hitch and to allow a Yamaha Blaster to be secured to 

it.  Stresses throughout the carrier and attachments were evaluated and found to be highly 

suitable for the application.  This evaluated carrier was then fabricated and tested to 

prove its capabilities.  It proved to be a complete success. 

 The completed prototype carrier is still considered a prototype since it could be 

upgraded in the future.  Two possible recommendations for the future are to add 

reflective tape and/or lights to the carrier for better visibility and make the carrier more 

adaptable for other sport all-terrain vehicles. 
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WEIGHT 3   9   9   1 1 5 5 1.0 5.0 0.10 
COST 1   6 3 1   1 1 5 4 0.8 4.0 0.08 
COMPATIBILITY 9 9       9     3 4 1.3 4.0 0.08 
SIZE 9             1 3 3 1.0 3.0 0.06 
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Weighted Objective 
Method       

  Alt.1 Alt.2 Alt.3 

  
Weighting 
Factor Scale 

Utility 
Value 

Scal
e 

Utility 
Value 

Scal
e 

Utility 
Value 

Mounting 0.1 4 0.4 3 0.3 3 0.3
Storage 0.1 3 0.3 4 0.4 5 0.5
Ease of loading 0.1 1 0.1 2 0.2 5 0.5
Weight 0.1 5 0.5 4 0.4 4 0.4
Cost 0.08 5 0.4 4 0.32 3 0.24
Compatibility 0.08 5 0.4 5 0.4 5 0.4
Size 0.06 5 0.3 5 0.3 5 0.3
Ground clearance 0.08 5 0.4 5 0.4 5 0.4
Increase vehicle 
length 0.08 5 0.4 5 0.4 5 0.4
Gas consumption 0.08 5 0.4 4 0.32 4 0.32
Trouble free 0.08 5 0.4 5 0.4 4 0.32
Serviceability 0.08 5 0.4 4 0.32 4 0.32
   4.4  4.16  4.4
Scale (1-5)        
1-Poor        

2-Satisfactory  
Choose 
# 1 or 3     

3-Average        
4-Good        
5-Best        

C - 1 



 

Appendix D 

 



 

 D - 1 



 

 D - 2 



 

 D - 3 



 

Appendix E 

 



 

 
                 Bill of Materials For Complete Clamping Carrier   

Part Name  Material        Dimensions (")  
Length 
(") 

Quantit
y  

Pan            
1018 Cold Drawn Steel Sheet 
Metal 6.5x21x.125 - 1 

Carrier Clamp 
Holder  

1018 Cold Drawn Steel Square 
Tube 

1x1x.15 // .125 
rounds  4 2 

Riser          
1018 Cold Drawn Steel Square 
Tube 2x2x.25 // .25 rounds 7 4 

Main Support  
1018 Cold Drawn Steel Square 
Tube 2x2x.25 // .25 rounds 35 1 

Clamp 
1018 Cold Drawn Steel Square 
Bar .6875x.6875  13.5 2 

Extension Bar 
1018 Cold Drawn Steel Square 
Tube 2x2x.25 // .25 rounds 22 1 

Extension Bar 
Insert 

1018 Cold Drawn Steel Square 
Tube 

1.5x1.5x.15 // .15 
rounds 6 1 
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Pin 
----------------------------------------------
------ .25 round pin 1.5 2 

Cross member  
1018 Cold Drawn Steel Square 
Tube 2x2x.25 // .25 rounds 18 2 

Ramp Supports 
1018 Cold Drawn Steel Square 
Bar .25x.25 6 4 

Pan Support 1 
1018 Cold Drawn Steel Square 
Tube 

1x1x.15 // .125 
rounds 14 2 

Pan Support 2 
1018 Cold Drawn Steel Square 
Tube 

1x1x.15 // .125 
rounds 9.5 1 
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