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ABSTRACT 
 
With many cargo-carrying options, consumers are left with the decision of which option suits 
the application.  This decision is usually based on the most important needs rather than one 
that satisfies every need.  Over the past few years, many producers have offered designs that 
incorporate versatility and compactness.  Flatbed cargo trailers are flexible, but even with 
folding designs the space needed to store these units are considerable.  This project, details 
the creation of a more versatile trailer. In order to accomplish this, it was necessary to 
combine the folding capability and modular characteristics of products currently on the 
market.  Thorough customer and engineering analysis has led to an effective and productive 
design.  Through an iterative design approach and careful load calculations a new versatile 
trailer has been created. This design is both innovative and practical.  It offers a compact 
design with a new approach.  From the tubular construction to the modular design, this 
product will prove to be useful in many markets. Although tubular construction in trailers is 
not common, this product demonstrates the effectiveness of a tubular construction and will 
open the design possibilities of cargo trailers to include this material. The details of the 
design process and attention to detail are evident as the steps from concept to design and 
fabrication are outlined.  Plans in fabrication proved to be too conservative as the process 
was actuated.  Each cross member of the frame had to be custom ground and this led to 
increased costs over the initial plan.  Once production was complete the product was tested 
with individuals not familiar with assembly and disassembly of the trailer.  The results were 
promising.  The proof of this design and subsequent testing methods illustrate the usefulness 
of this new product.  The testing of this product led to the most advantageous of discoveries.  
A smaller more compact trailer was pivotal to the future success of this product.  Further 
research will lead to even more efficient and marketable design. Preliminary customer 
feedback has shown that this product will be embraced by the consumer.  There is no product 
currently on the market that can compare to the versatility of this product.  Although further 
analysis and design is needed to perfect this product, it could definitely have an impact on the 
way cargo trailers are perceived in the eyes of future consumers. This project marks the 
beginning of the COMPACtrailer.  
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INTRODUCTION 
 
When traveling on vacations, many people realize there is just not enough room in their 
vehicle to carry everything they would like to have on vacation.  The cargo carrying industry 
offers many solutions to the traveling vacationers, but often these products are cumbersome 
and are designed for a very specific use. Vacationers often choose a device that will best suit 
their needs and must decide which items are the most advantageous to their individual plans. 
Two popular vehicle mounted designs, rooftop carriers and bicycle racks are illustrated in 
Figure one.   
 
On the website for Consumer Reports, www.consumerreports.org, you will find a report 
titled, “Bike racks: Tips for choosing the right one for you.” [1] This article outlines the 
advantages and disadvantages that are associated with these devices.  Table 1, outlines the 3 
main advantages and disadvantages associated with each device.  A design that was easier to 
store, safer and more versatile, would be more effective.   
 
 

  [2]  [3] 
 

Figure 1 – Current Vehicle Mounted Storage Devices 
 
 

 Advantages Disadvantages  
Rooftop Mounted 
Carriers  

Modular design allowing for 
additional cargo storage  

Large loads on top of vehicles 
change the center of gravity, 
and may increase the risk of 
rollover incidents in SUV’s  

Lockable mounting Vehicle cannot go into parking 
garages with low clearance 

Can be used to carry items for 
various activities  

Increases wind resistance, 
reduces gas mileage   

Vehicle Mounted 
Bike Racks  

Easy to install If license plate or taillights are 
obstructed, you may get a ticket 

Typically no need to remove 
wheels to mount bike 

Blocks drivers view out of the 
rear window  

Easy to lift and secure bikes in 
place  

Difficult to lock bikes  

 

http://www.consumerreports.org/�
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Table 1 – Advantages and Disadvantages of Current Cargo Carrying Devices [1] 
 
PULL-BEHIND TRAILERS  
Research interviews were conducted sampling individuals that had large families, small 
families and couples with no children.  It may not seem logical to group cargo trailers with 
bike racks and roof mounted carriers. However, this design combines the advantages of these 
devices to create a more adaptable product.  Along with various survey questions, individuals 
were asked to submit responses to the question; “Why would you not choose to use a trailer 
to haul items to vacation destinations?”  The following list details the three most common 
concerns that were addressed in the responses: 
  

• “Trailers are large and not easy to store, they simply take up too much room.” 
• “There is no easy way to prevent theft of items attached to a trailer.” 
• “Items would be exposed to weather and road hazards.” 

 
It is obvious that some trailers require a large storage area.  Many neighborhood guidelines 
stipulate that all trailers must be kept in a garage or storage shed so that they do not make the 
area seem unsightly.  Trailer manufacturers have already addressed this issue with folding 
cargo trailers as illustrated in Figure 2.  This device is useful but it only offers two 
configurations, fully opened and folded.  An improved design would offer these two options 
along with a third option of a compact trailer for smaller tasks.   

 
 

   [4] 
 

Figure 2 – Folding Cargo Trailer 
 
 

CURRENT TRAILERS USED AS CARGO CARRIERS  
Although many vacationers do not use trailers, the idea of combining the trailer with a cargo-
carrying device is not new.  Figure 3, shows just such a device.  “The Gear Wagon™ SPT 
Sport Trailer offers 86 cubic feet of cargo space.” [5] This device has the space that would 
satisfy the needs of many traveling vacationers.  However, because the flat bed has been 
replaced with a rigid cargo container the principle use as a trailer to haul large landscaping 
items, and building supplies has been lost.  In the attempt to meet the needs of cargo carrying 
it has abandoned use as a traditional cargo trailer.  Even bicycles must be disassembled 
before being used with this device. This device has successfully combined the principles of 
the main cargo-carrying device, but it does lack the adaptability of more complete design.   
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                               [5] 
 

Figure 3 – Gear Wagon – Sport Trailer 
 
 
 A new design could combine the principles of all of the abovementioned products.  With 
careful design considerations the product could successfully meet the needs of a wider 
customer base; this concept is illustrated in Figure 5.   
 
 

 [2] [3] [4]  [5]   
       
   “Product 1”       +           “Product 2”    +        “Product 3”      +     “Product 4”    = New Product 
 

Figure 4 – New Product Idea 
 
 
CUSTOMER SURVEY ANALYSIS  
The customer survey was distributed and collected from 20 different families ranging from 
individuals to families with as many as seven members.  The survey addressed various 
features of a design for a new cargo trailer.  The features surveyed included safety, ease of 
use, versatility, corrosion resistance, durability, appearance, cost, compact design, ability to 
carry different items and storage capacity.  Table 2 lists the features surveyed in their order 
of these features in importance, (as indicated by the survey), and lists the level of customer 
importance associated with the responses.  Importance was listed in a range of 1 through 5, 
with 5 being the most important.  This design concentrated on the top four customer 
requirements of safety, ease of use, good storage capacity and versatility.  This focus has led 
to a better, customer-oriented design.   
 
The customer survey also dealt with the level of satisfaction that the customers experienced 
with current cargo carrying devices.  Table 3 lists the level of satisfaction of each individual 

Concept 
New 

Product 
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device and the average of all current devices. The results were examined for each individual 
device as well as collectively.  The purpose of this was to identify key areas that were 
improved, with the new design.   
 
 

Feature  Customer Importance 
Safety 4.85 
Ease of use  4.00 
It has good storage capacity 3.90 
Versatility 3.80 
Compact design  3.70 
Durability 3.60 
Low cost 3.55 
Good corrosion resistance 3.10 
Ability to carry items of different sizes and shape 3.00 
Appearance  2.90 

Table 2 – Customer Survey Results Sorted by Importance 
 
 

Customer Features 
Vehicle 

mounted bicycle 
racks 

Tow behind cargo 
trailers 

Car-top 
Cargo 
Carrier 

Overall 
Customer 

Satisfaction 
Rating 

Safety 80.00% 70.00% 60.00% 70.00% 
Ease of use 80.00% 85.00% 30.00% 65.00% 
Versatility 55.00% 95.00% 90.00% 80.00% 

Good corrosion resistance 35.00% 55.00% 95.00% 61.67% 
Durability 65.00% 95.00% 50.00% 70.00% 

Appearance 55.00% 50.00% 100.00% 68.33% 
Low cost 90.00% 60.00% 85.00% 78.33% 

Compact design 85.00% 60.00% 65.00% 70.00% 
Ability to carry items of different 

sizes and shape 45.00% 75.00% 80.00% 66.67% 

It has good storage capacity 20.00% 90.00% 85.00% 65.00% 

Table 3 – Customer Satisfaction Results of Current Cargo Carrying Devices 
 
 
The survey results show that safety, ease of use and versatility were the most important 
features to the customers.  The overall satisfaction of the current devices in these areas was 
70%, 65% and 80% respectively.  Individual results of each of the two most used cargo 
carrying devices, car-top carriers and vehicle mounted bike racks, indicate these devices 
could be significantly improved.  The safety rating for the car-top carrier was only 60%.  It is 
important to note that Consumer Reports has indicated that it, “...does not recommend 
carrying heavy rooftop loads on an SUV, as the higher center of gravity can compromise 
emergency handling, leading to a rollover accident.” [2] Car-top carriers also scored 30% in 
overall customer satisfaction in the ease of use category.  This may be attributed to the 
overall height of the vehicles to which these devices are attached.  
 
In this survey, vehicle mounted bike racks, scored very high in safety and ease of use; 
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however it scored the lowest in specific cargo carrying devices.  Vehicle-mounted bike racks 
are not designed to carry items of different shapes and sizes nor do they have good storage 
capacity.  Even though bike racks may hold up to 7 bikes, they are not designed to hold 
luggage or other items associated with vacationers.  The survey displays this with a low 55% 
rating in the customer satisfaction with versatility.  These results were essential in the design 
of a new and effective devise.       
 
 
ENGINEERING ANALYSIS  
The information collected in this survey was pivotal in analyzing the customer requirements 
into workable engineering characteristics.  There are several engineering characteristics that 
were addressed in order to meet the customer needs.  The specific engineering characteristics 
included:  
 

• Safety  
• Width 
• Length 
• Height 
• Standardized Components  
• Corrosion Resistant Materials 
• Clearance and Part Fit  
• Weight   

 
 
As indicated by this information, the design relied heavily on dimensional analysis.  There 
are many customer features that will depend on space, height, length and overall dimensions. 
Table 4 illustrates the main customer features from the survey and details the product 
objectives.   
 
 

Features Objective 
Safety The prototype will met all safety requirements, as defined by the 

Department of Motor Vehicles.   
Low Cost The prototype uses materials that are cost effective.  The use of 

standard components was used to keep cost to a minimum  
Versatility The prototype incorporated space saving concepts relying on 

dimensional analysis 
Good Storage 
Capacity 

The standard 4’ X 8’ bed can be fitted with many storage options.  

Ease of Use Prototype has  a system that will incorporate fits that allow the user to 
insert components with ease.   

Ability to Carry 
items of different 
sizes 

The design allows for the storage of standard product, for example 4’ X 
8’ sheets of building material and full size bicycles  

Durability The prototype’s frame was made of  steel for rigidity and  finished to 
increase weather resistance.  

Corrosion Resistance The prototype was painted and finished to give an aesthetic appeal. 
Table 4 - Customer Features and Product Objectives 
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DESIGN ALTERNATIVES AND SELECTION  
In order to create an effective product, many alternatives were examined.  Initially the 
general design of the trailer and the cargo compartment design were discussed.  The initial 
design for the trailer was a folding and telescoping design.  The covered cargo compartment 
was a box design that would slide on and off of the decking area. The focus of this design 
was to create a trailer that was compact and would store easily.  Major concerns were raised 
about the initial design. The decision was made to explore a modular design that was more 
rigid and able to handle the various loads associated with carrying cargo.   

 
In order to compare the designs, a list was developed, identifying the 3 main advantages and 
disadvantages of each solution.  Because there are many ways to design a trailer, using this 
method was beneficial to quickly analyze the most feasible solutions so that further 
engineering analysis could be conducted only on the best solutions.   

 
The three main disadvantages of a solid, removable container are, the container would be 
large and bulky, it might be difficult to remove and there are limits as to the manufacturing 
alternatives for this type of container.  During initial analysis, it was decided that the 
compartment should be a modular design, because a large storage container would violate the 
basic concept of a compact design and would create storage problems.   

 
Although the initial analysis of the frame design was less decisive, it did lead to the 
elimination of the telescoping square tubular design.  The square telescoping design would 
not effectively carry the load in the extensions.  General analysis of this frame design 
illustrated an obvious problem with vibrations in creating a secure and stable frame.  The 
idea of a round telescoping design was introduced as an alternative that would address these 
concerns.  The round telescoping design would create a tighter fit that would virtually 
eliminate excess vibration.  This decision was the best alternative to the square telescoping 
design.    

 
The three frame designs that were left for analysis were the standard rigid cargo trailer, a 
folding cargo trailer that is currently in production and the proposed telescoping tubular 
design.  In order to determine the best frame design, it was necessary to review the customer 
survey results and use engineering analysis methods to determine the best design that would 
meet the requirements of the design.    

 
After careful analysis, it was determined that the telescoping tubular design was the best 
option.  Therefore the decision was made to design a folding trailer with telescoping 
extensions and a modular covered cargo container.  This is the best design that would meet 
all of the requirements for this project. 

 
 

LOADING CONDITIONS AND DESIGN ANALYSIS  
In order to design the most effective trailer, it was necessary to clearly define the working 
conditions and safety factors. In this manner it is possible to design a structurally sound and 
safe trailer while minimizing costs.   
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When designing a trailer there are certain classifications that need to be determined.  The first 
determination in designing a trailer is to decide which class a trailer should be.  The purpose 
of this design is to create a versatile trailer.  For this design the trailer will be a Class 1.  
Class 1 is based on the GVWR, or gross vehicle weight rating, of the trailer.  “The GVWR is 
the value of specified by the manufacture as the loaded weight of trailer or the total combined 
weight of the trailer and its maximum load-carrying capacity.” [11]   For this design, 
the maximum loading capacity will be 1000 lbs.  This will allow the trailer to be designed to 
weigh up to 1000 lbs.  This design will focus on achieving an actual trailer weight of 700 lbs. 
with a maximum of 900 lbs.  
 
 
FACTORS OF SAFETY 
After the design goals for the project were set, it was necessary to define a safety factor so 
that the trailer could be designed and the correct materials and dimensions can be obtained.  
“Design stress is that level of stress which may be developed in a material while ensuring 
that the loaded member is safe.” [6] “The design factor N is a number by which the reported 

strength of a material is divided to obtain the design stress dσ .”  [6]  “
N
sy

d =σ  Based on 

yield strength” [6] 
I

Mc
=maxσ   “Experience in design and knowledge about the conditions, 

must be applied to determine a design factor for a particular situation.”  [6]  “Design Factor 
guidelines for direct normal stresses are outlined in Applied Strength are N = 2 for static 
loads, N = 8 for repeated loads and N=12 for impact loads.”  Although there is nothing 
published for a standard safety factor for the design of a cargo trailer, [9] there are 
regulations concerning the safety factor of the trailer coupling attachment.  “Table II of 
Trailer Certification Handbook, requires that the “minimum static test load of a hitch is 1.5 x 
GVWR.”  Furthermore the longitudinal tension and compression strength for the minimum 
breaking point requirements for trailer couplings and ball for a Class 1 trailer is 6000 lbs. 
[11] Using this information the design of this trailer will have a design factor of 12.  This was 
based on the previous information.  In summary, it is possible that this cargo trailer would 
see significant impact load, during transportation.  This safety factor of 12 was based on the 
yield strength of the selected material means.  This trailer was designed to handle a load 
capacity of 12,000 lbs before any permanent deformation was present in the frame.   
  
 
LOADING CALCULATIONS  
Several loading calculations were made in order to determine the safety and durability of the 
design.  The first set of calculations was a simple measurement to determine the weight on 
the wheels.  The GVWR is 2000 lbs therefore; each wheel must support one half of this 
weight or 1000 lbs each.  This concept is illustrated in the Figure 5.  
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Figure 5 - Load on Wheels 

 
 
 
 

 
Figure 6 – Loaded Stress Concentrations on Frame Cross Members 

  
Next it was necessary to determine the load on the cross members.  For maximum design 
safety, the load was calculated as a concentrated weight across the middle of the cross 
members as illustrated in the Figure 6.  In this application, the total load capacity was shared 
by each of the cross members of the frame.   
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Figure 7 – Illustration of Forces on Cross Members  

 
Figure 7 and Figure 8 more accurately illustrate this loading condition.  In this application the 
cross members will experience forces in both shear and bending moments.  Analysis of this 
loading condition demonstrates the shear and bending moments experienced by each cross 
member.  Figure 9, shows the maximum bending stress for this application, which is 2400 
inch-lbs. 
 

 
Figure 8 – Detail of Cross Member Stress  

 
The extensions of the frame will experience the most significant load.  It was necessary to 
determine the worst case scenario for this application.  For analysis it was determined that in 
a worse case scenario, one might load a majority of the weight in the front half of the frame.  
Further investigation determines that the front extensions may experience even greater loads 
if a person was standing on the furthest end in order to load the trailer in this manner.   
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Figure 9 – Maximum Bending and Shear Moments  

 
Figure 10 illustrates a load that is supported by two 2” X 4” boards, while an individual is 
standing on the front end of the trailer.  This is an example of a drywall or plywood load, 
being loaded.  The concentrated force of 200 lbs is an example of an average man standing 
on the load to secure it to the deck.  The supporting boards would allow the user to easily 
load the drywall with a forklift and allow for easier removal of the load.  Figure 11 illustrates 
the forces on a trailer loaded in this manner.   

 
 

 
Figure 10 – Concentrated Loads on Extensions  
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Figure 11 - Illustration of Forces on Extensions 

 
 
Using this information, it was necessary to calculate the moments to determine the bending 
force in the extensions.  The following calculations are used to determine the moments about 
a point to determine the reactions at the other points.   Figure 12 is a side view of the frame 
for analysis.  
 
In Figure 13, analysis of the front half of the trailer is examined.  Once the forces of the members are 
determined, it is necessary to determine what size supports are necessary for a durable and safe frame.  
The points in figure 13 that experience the most loads are compound shapes and it is necessary to 
calculate the moments of inertias for compound shapes.  These calculations have determined that a 
tubular steel cross member with a 3” outside diameter and .25” wall thickness is enough to meet the 
needs of this design.  
 
 
 

 
Figure 12 – Detail of Extensions Side View 
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Figure 13 - Illustration of Bending and Shear Moments on Extensions  

 
 
MATERIAL SELECTION  
Material selection is one of the final steps prior to manufacturing.  This step is important in 
calculating many aspects of the project. One of the most important aspects is calculating the 
cost of materials. With a well-defined bill of materials, it was possible to compare costs with 
many manufacturers. Buying one item from 10 different suppliers can be much more 
expensive than a single source provider.   

 
The actual price of a material is not the only subject involved with estimating cost.  Delivery 
is a very large expense that is often overlooked.  For this project, raw materials that were 
available locally were chosen.  This added significant cost savings. By picking up materials 
at local sources, the expense of shipping and handling charges were greatly reduced.  In the 
attached bill of materials, all of the structural components for the frame are readily available 
by a local source.      

 
Availability was another factor that was important when acquiring materials especially in the 
planning stages.  Lead times would have caused delays in project deadlines.  All materials 
that are in stock were chosen for this project. Material for this project was available locally 
and it met all the engineering requirements.  

 
Finally, the last consideration that proved to be useful was material weight.  Items like steel 
and other manufacturing materials were easy enough to calculate the weight.  The weight of 
composite items however was not as easy to calculate.  For example, item #9 from the bill of 
materials from this project is an axle kit.  The weight of this product would normally be very 
difficult to estimate.  However, by examining the estimated shipping weight of the material 
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there was solid information about the approximate weight that was used in design analysis 
The shipping weight of all of the items in this list is listed with the bill of materials.  Since 
the project was to weigh less than 800 lbs, it was helpful in judging the initial design.  These 
considerations may be overlooked at times but they can be pivotal in helping an engineer 
with a particular design.   

 
Initially, specifying materials for a project is a straightforward process.  It is important that 
all materials in a design meet the requirements for that particular design.  The framing 
material was based on the force calculations as outlined in the previous steps.  The material 
used for the calculations was steel tubing that was 3” in diameter with .25” thick walls and 3” 
diameter tubing with .25” thick walls.  These materials not only satisfied the design 
requirements but were all standard stock items. [14] [15]  

 
The next major component for designation in the trailer design was the tires. In discussions 
with the Executive Vice President of The Tire and Rim Association, he explained the 
differences in the three types of tires commonly used for cargo trailers. [10] They are ST, P 
and LT.  The ST tires are standard tires and are most commonly used.  P tires are passenger 
rated tires and are considered a good choice by cargo trailer manufactures, because they are 
more readily available than ST tires which usually have to be ordered.  One important thing 
to remember is that a factor of 1.10 must be added to the load rating for P tires.  The reason 
behind this is because P tires are designed for passenger vehicles.  Trailers have a higher 
center of gravity and operate under what is considered, “severe service conditions.”  The last 
tire for consideration is the LT, or light truck tire.  The use of this tire is similar to that of the 
ST tire and therefore does not require the 1.10 load factor in design.  This tire however is 
more available than the ST tire, but is generally not consider a “good” use for trailers, due to 
the aggressive treads on a majority of these tires.  For this design, the ST tire will be used.  
Although this seems like an obvious choice, it was important to examine all possibilities in 
optimizing a design.  Once the decision was made on which type of tire to use, it was 
important to remember that each tire should be designated to carry one half of the load, so an 
ST tire for a Class 1 trailer rated for a minimum load of 1000 lbs. [10]   
  
The next four components are standard pieces for trailers in general.  The ball and coupling 
axle package and lighting package are components that are readily available and are 
considerably less expensive than buying individual packages. [13] The benefits of purchasing 
these components in packages, is that this saved valuable engineering time and allowed 
additional time to be spent on the more unique and crucial components.     
 
 
PROJECT MANAGEMENT  
With the design of the trailer complete and a complete bill of materials ordered, the next step 
was to create the production schedule.  As indicated in the bill of materials all of the 
components to create this trailer were in stock and available.  This was crucial in the 
planning stage of production.  With limited lead times to account for, the material was 
purchased and assembled.   
 
At this stage of the design, it was necessary to submit the bill of materials to the Veteran’s 
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Affairs Department.  As a veteran, every item to be purchased must be approved by a 
counselor assigned by the Veteran’s Department.  It was helpful to have a detailed list of 
components in order to expedite the process.  This portion was completed after advisor 
feedbacks were received.   
 
 
FABRICATION AND ASSEMBLY 
This project was completed in the welding shop and machine shop at the University Of 
Cincinnati College Of Applied Science.  The first step of this project posed problems because 
of the limitations of the machine shop.  The coupling device of the design, called for left 
hand and right hand threads.  It was determined that this would be too difficult to do with the 
available equipment.  Therefore it was necessary to have this work completed by a more 
experienced machine shop.  This added another phase to the project that was not included in 
the initial planning stage.  Searching local machine shops, it was difficult to find a 
manufacturer that would fit into the design schedule and budget of the proposed project.  
Initial estimates for the manufacturing of these pieces ranged from $580 to $1800 and this 
did not include the cost of the material.  Figure 14 is the drawing that was sent for quotations.  
Lead times varied between 2 weeks and 4 weeks.  Blue Chip Tool in Cincinnati, OH was the 
final choice.  The price agreed to was $530 net and a 2-week production schedule.  All of the 
components were ordered and the material was purchased for the couplings and delivered to 
Blue Chip.  The production of the cross members and extensions would have to wait for the 
material from Blue Chip.   
 

 
Figure 14 – Manufacturing Drawing Submitted for Quotations 

 
 
At this point in production the only item that could be manufactured was the frame.  The 
frame was constructed of 3 inch square tubing as dictated by the design calculations.  In 
order to ensure that the frame was square several measurements were taken and cross-
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referenced in order to eliminate any problems during the operation of the trailer.  Figure 15 is 
a model of the frame to be manufactured.  There were several points that the cross members 
and extensions would have to mate with.  Therefore, Detailed drawings were completed to 
aid in manufacturing.  Once the production of the frame was complete, it was time to add the 
remaining components of the trailer.   
 

 
 

Figure 15 – Solid Edge Model of Frame 
 

 
Once the couplings were received from the manufacturer, the extensions were ready to be 
completed.  For this phase of construction the cross members were cut using a plasma cutter 
and the edges were ground to create a fit inside the extensions.  Figure 16 illustrates the steps 
in this process.  In order to ensure that the extensions would fit accurately on the frame a 
wooden frame was constructed so that each member could be custom fabricated to size.   The 
custom grinding process took far longer than expected.  There were eight cross members and 
each member took between 30 and 45 minutes to grind to size.  Once the members were in 
place, the whole assembly was tack welded using a metal inert gas welding system or MIG 
welder.  This process is illustrated in Figure 17.   
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Figure 16 – Cross Member Fabrication 
 

 

     
 

Figure 17 – Fabrication of the Complete Extensions 
 

 
The next step in fabrication was creating the pivoting brackets.  This process involved cutting 
a piece of tube that had an outside diameter of 3.50” and an inside diameter of 3.0625”.  The 
tube was cut in half using a plasma welder and four 2.00” of 1020 steel.  These pieces were 
MIG welded in place and all sharp edges were ground down, as shown in Figure 18.  The 
mounting holes were marked on the frame and drilled in place.  This allowed for variations in 
the construction of the pivoting brackets.    

 

      
 

Figure 18 – Bracket Construction 
 
 
The final assembly of the trailer included mounting the axle and wheel assembly to the 
frame.  Next extensions were placed on the frame and mounted in place using the pivoting 
brackets.  In order to keep the extensions from rotating during transportation, the system 
utilizes for safety pins.  The last component to be added was the hitch receiver component 
which was kept in place using two hitch pins.  With the assembly complete, the unit was 
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ready to be tested.  Figure 19 shows both the final concept next to the actual completed 
trailer.   

 

        
 

Figure 19 – Final Assembly 
      
 
PROOF OF DESIGN AND TESTING 
Once the assembly was complete, it was necessary to prove the concept behind using a trailer 
for hauling items previously carried by vehicle-mounted devices.  Figure 20 demonstrates the 
use of the “COMPACtrailer” in comparison to the vehicle-mounted carriers.  The last frame 
in figure 20 demonstrates other potential uses for the unit.  Cargo trailers have been used to 
carry many items.  With simple ratcheting tie downs almost anything that can fit onto the 
trailer can be secured to the trailer.  This design will also accept current cargo carrying 
devices.  As long as lock nuts and lock washers are substituted for standard pieces, the 
devices can be secured in a vibration resistant application.   

 
 

      
 

Figure 20 – Old Mounting Carriers vs. New Design 
 
Testing the unit was not as obvious as the “proof of design” method.  In order to test the unit 
it was first necessary to define the testing standards.  This design was created to be compact.  
If the unit were not collapsible then it would just be another oversized trailer.  Furthermore, it 
was necessary to determine if the unit could be collapsed in a reasonable amount of time with 
a limited amount of tools.  The tools for the testing stage included a power screwdriver, a ¾” 
socket and ratchet with a 3” extension and an adjustable wrench.  The actual tools for the 
assembly and disassembly of the trailer are shown in Figure 21.  Figure 22 shows the device 
in various stages of breakdown.    
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Figure 21 – Assembly and Disassembly Tools for Testing 
 
 
 

         
 

Figure 22 – Compact Design 
 

 
 
For this test, 5 individuals were asked to completely assemble and disassemble the unit using 
only the tools provided and the following instructions:  

1. Remove the four (4) deck boards using the power screwdriver 
2. Place boards against storage wall 
3. Remove the support boards using an adjustable wrench and the ¾” socket and ratchet 
4. Place boards against storage wall 
5. Remove the four (4) safety pins from the extensions 
6. Remove rear extension by removing eight (8) bolts, lock washers and lock nuts using 

an adjustable wrench and the ¾” socket and ratchet 
7. Place extension against the storage wall 
8. Remove the hitch receiver by removing the two (2) hitch pins  
9. Place the receiver against the storage wall  
10. Remove front extension by removing eight (8) bolts, lock washers and lock nuts using 

an adjustable wrench and the ¾” socket and ratchet 
11. Place extension against the storage wall 
12. Move frame into position against the storage wall  

 
On average the unit was completely disassembled in 38 minutes.  Constructing the trailer was 
more time consuming averaging 46 minutes for assembly.    
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SECONDARY CONSTRUCTION  
While conducting the experiment and testing of the unit, it was discovered that the unit could 
be assembled in a new way.  By omitting the rear extension and one set of pivoting brackets, 
the front extension could be moved to the back and mounted to the rear bracket holes.  This 
new trailer configuration allows for a compact trailer.  This 4’ X 4’ trailer, which is now 
called “The Piggy Back Trailer,” could have many applications.  For smaller loads when a 
full size trailer is not necessary, the Piggy Back trailer would be ideal.  Even stored fully 
assembled this trailer would consume much less room than the average trailer.  The average 
time to completely assemble this trailer was only 25 minutes.  Disassembly was much easier 
also only requiring 28 minutes.  Figure 23 illustrates the completely assembled trailer and the 
model created from this idea.  This incidental discovery could define the “COMPACtrailer” 
as a truly innovative device.  
 
 

    
 

Figure 23 – 4’ X 4’ Piggy Back Trailer 
 
 
DESIGN SCHEDULE  
The preliminary work with customer surveys and engineering analysis reduced the time of 
concept to actual product by focusing the design on those features that are most important to 
the customer.  Through the design phase a schedule has been maintained and has helped 
complete all task efficiently.    
 
The preliminary schedule called for completion of the design process to be completed in 7 
weeks.  The actual production of the product should have been completed in approximately 6 
weeks, which would have left 2 weeks for testing before the “Proof of Design” deadline on 
May 1st

RECOMMENDATIONS  

.  This schedule proved to be insufficient as discussed in the “Fabrication” section.  
  
The budget for this design has been set at $1500.  In order to achieve a cost effective product 
all customer requirements were to be met within this budget.  The use of standard 
components helped to reduce production costs and will also aid in replacement parts in the 
future.  Customer focus helped direct funding in the most efficient manner.   
 
 

This product has potential to compete in the market of cargo trailers.  It is not conceivable 
that many vacationers would mount a cargo trailer to their vehicle and travel.  However, any 
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individual that could use a cargo trailer will find that the COMPACtrailer will offer many 
options for hauling objects such as home improvement or landscaping items. Furthermore, 
the compacting features will appeal to a many people that might not otherwise purchase a 
cargo trailer.   
 
There are opportunities for improving this product.  The first of which is material selection.  
In developing this product, too much emphasis was placed on structurally integrity.  In 
common terms this is known as overdesigning.  The 3” tubular construction with .25” walls 
was a very stout selection.  This selection, although extremely safe from a failure standpoint, 
proves to be very heavy and too cumbersome for everyday use.  This selection also drove up 
the cost significantly.  The initial budget of $1500 was reached at a very early point in 
production.  In the end the prototype cost was  $2500.  Finally, the use of the couplings needs 
to be further developed, during the testing phase the couplings were physically impossible to 
separate.   This could have been due to the expanding of the metal during the welding stage 
or due to rusting of the threads.  Thread selection would be another area that would need 
further investigation.  The thread selection of 8 threads per inch was very difficult to 
assemble even when the couplings were working properly.  These are design issues that 
would need to be addressed and eliminated prior to mass manufacturing.   
   
CONCLUSION    
  
The process of designing a new product is never an easy task.  Only through a careful and 
well thought out design process, can an engineer seek to bring a product to market that will 
meet the needs of the customer.  Careful market analysis is a vital concept to this process.  
By gaining a thorough understanding of current products that are available, the engineer can 
accelerate the design process by incorporating useful ideas and information.   
 
Throughout the planning stages of this project, particular attention has been paid to the actual 
needs of the customers.  Through a careful and focused survey that was distributed to the 
projected customer base, valuable feedback has been obtained. 
 
Combining the feedback received by these participants with sound engineering principles and 
analysis methods, has led to a better design.  Engineering analysis methods have allowed this 
concept to become a reality.  Then the strength of the design engineer will be displayed as the 
new design is broken down into the simplest forms and rebuilt into a new product.  This 
method ensures that no requirements are overlooked.    
 
This design takes all of the advantages of the current cargo carrying devices and combines 
them into one design.  This design will prove to be useful for everyday projects.  Sheets of 
drywall and lumber materials will pack nicely on a flat trailer.  By incorporating the folding 
trailer design, the unit will become easier to store, saving precious space in an otherwise 
crowded garage.   
 
Although there are issues with this prototype, with further research this product will improve 
convenience, safety and ease of use.  In the final form the market will embrace this product.   
 



COMPACtrailer Cargo Carrier - For Personal Use     Steve Lee  

24 

REFERENCES
                                                      
1 Bike racks: Tips for choosing the right one for you [on-line Consumer Reports Article] 
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-
racks/overview/index.htm 12/3/06  
2 Thule Sidekick Roof Mounted Cargo Carrier Box  
http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code
=TH682&Category_Code=CCR 12/03/06 
3 Lund Fold Down Receiver Hitch Mount Bike Carrier 
http://www.realtruck.com/Products/HitchAccessories.asp  10/03/06  
4 Northern Industrial Folding Trailer Kit with Light Kit and coupler – 4ft. X 8ft 
http://www.northerntool.com/webapp/wcs/stores/servlet/product_6970_465468_465468 
12/3/06 
5 Gear Wagon™ SPT Sport Trailer, http://www.letsgoaero.com/ProductDetail.asp?Pid=37 10/01/06 
6 R. L. Mott, P.E., Applied Strength of Materials, Fourth Edition. Upper Saddle River, New Jersey: 
Prentice Hall, 2002  
7 Federal Highway Administration - Office of Motor Carriers, “Development fo the North American 
Cargo Securement Standard,” March 2007, http://www.fmcsa.dot.gov/documents/tb98-005.pdf   
8 G.E. Dieter, Engineering Design - A Materials and Processing Approach. New York: McGraw-
Hill, 1983  
9 NHTSA, National Highway Traffic Safety Association – Department of Transportation, 
Requirements for Trailer Manufacturers, March 2007,  
http://www.nhtsa.dot.gov/cars/rules/maninfo/trailer002.pdf   
10 “TRA Tire Tables,” (provided via email after a private communication with/by),  J. Pacuit, 
Executive Vice President, The Tire and Rim Association, TRA, JP@ustra.org, 312-946-6275, 
February 28, 2007 
11 “Trailer Certification Handbook,” (provided via email after a private communication with/by), 
Robert E. Newsome, Manager of Engineering Standards, National Marine Manufacturers 
Association, rnewsome@nmma.org , February 28, 2007  
12 “Composite Decking – The New Trend in Decks, 
http://www.doityourself.com/stry/compositedecking, March 2007   
13 Northern Tool Company,  http://www.northerntool.com/, March 2007 
14 Victory Tube, http://www.victorytube.com/, 1155 Victory Place, Hebron, KY 41048, (859) 586-
4000 or 1-800-FOR-TUBE, (Reference quote – Steve Lee), March 2007  
15 Boone Steel, http://www.boonesteel.com/, 12091 Chandler Dr. Walton, KY 41094, (859) 493-
0111, (Reference quote – Steve Lee), March 2007   
16 Lowes Home Improvement Warehouse,  http://www.lowes.com, March 2007  
 

http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code=TH682&Category_Code=CCR�
http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code=TH682&Category_Code=CCR�
http://www.realtruck.com/Products/HitchAccessories.asp�
http://www.northerntool.com/webapp/wcs/stores/servlet/product_6970_465468_465468�
http://www.letsgoaero.com/ProductDetail.asp?Pid=37�
http://www.fmcsa.dot.gov/documents/tb98-005.pdf�
http://www.nhtsa.dot.gov/cars/rules/maninfo/trailer002.pdf�
mailto:JP@ustra.org�
mailto:rnewsome@nmma.org�
http://www.doityourself.com/stry/compositedecking�
http://www.northerntool.com/�
http://www.victorytube.com/�
http://www.boonesteel.com/�
http://www.lowes.com/�


Versatile Trailer and Cargo Carrier - For Personal Use     Steve Lee  

A-1 

APPENDIX A – CURRENT CARGO CARRYING DEVICES  
CAR-TOP MOUNTED CARRIERS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Features 

• Mounts to most removable and factory installed roof 
racks.  

• Lid opens from the side and locks in the open position for 
easy loading and unloading.  

• One key locking system included for cargo box. 
• Aerodynamic design reduces wind resistance. 
• Impact resistant, polyethylene construction ensures 

durability. 
• Weather-resistant design helps keeps cargo dry. 
• Four adjustable mounting brackets clamp to crossbars on 

existing luggage rack. 

 
Advantages  

• Modular setup allows additional cargo 
storage with an additional storage case 

• The rack can be used for different 
activities, such as skiing and canoeing if 
you buy different accessories or carriers, 
or for transporting other objects like 
building materials  

• Racks can be adapted to existing factory 
hardware or mounted with the rack 
manufacturer's nonpermanent footing 

• Lockable mounting available 
• A sedan may hold four bikes, a large van 

as many as seven 
• Can support tandem and odd-framed 

bikes, depending on the carrier "tray" 
design used  

 
Roof-mounted carrier 
Roof-mounted carriers attach either to a vehicle's already existing roof rack and crossbars--found on many SUVs, minivans, 
and station wagons, or with mounting feet and clips that attach to a vehicle's upper door frame or rain gutters. The total cost 
is reduced if your vehicle is already equipped with a roof rack or crossbars that will support the bike mount. Basic carriers 
start for less than $50 per bike, but the more popular bike carriers start around $100. If you need to buy the basic roof rack 
and crossbars, add about $125 to $200 to the total cost. If you select a roof rack, you have to decide on the method of 
mounting the bikes. Some racks use a fork-mount carrier that clamps onto the bike's front-wheel fork. The downside is that 
the front wheel must be removed and stored elsewhere, but the upsides are that the bike is easier to manage up on the roof 
and unique frame shapes can be accommodated. Upright mounts hold the bike by the frame or pedal crank. You don't need to 
remove the front wheel, but you need to reach up higher to put the bike on, and some unusual frame shapes won't fit.  
  
 
 

http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code=TH682&Categor
y_Code=CCR 12/03/06, Thule Sidekick Roof Mounted Cargo Carrier Box”   www.etrailer.com 
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm  12/3/06, 
Bike racks: Tips for choosing the right one for you, www.consumerreports.com  
 
 
  

Disadvantages 

• Can be somewhat complicated to install 
• Vehicle can't go into parking garages or under any overhead structure 

with low clearance, including drive-through fast food restaurants.  
• Increases wind resistance reducing gas mileage more than other types; 

also produces more apparent wind noise 
• It can be hard to lift a bike onto a tall vehicle, which could cause 

scratches to the car's roof or sides. 
• May not fit properly on curved-roof vehicles or convertibles--check 

manufacturer's fit guides for your vehicle. 
• Must take care not to exceed the vehicle or rack manufacturer's 

rooftop weight allowance. 
• Consumer Reports does not recommend carrying heavy rooftop loads 

on an SUV, as the higher center of gravity can compromise 
emergency handling, leading to a rollover accident.  

http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code=TH682&Category_Code=CCR�
http://www.etrailer.com/mm5/merchant.mvc?Screen=PROD&Store_Code=E&Product_Code=TH682&Category_Code=CCR�
http://www.etrailer.com/�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.com/�
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VEHICLE MOUNTED BIKE RACKS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Features 

•  Easily mounts to a 2 inch receiver hitch  
• Constructed of 2" steel tubing and powder coated for durability 

and rust protection  
• Folds down to allow easy access to rear of vehicle  
• Locking knob for added security  
• Adjustable clamp plate fits most tube bike diameters  
• Rubber padding on clamp prevents slipping and scratching of 

bikes  
• Built-in Anti-Wobble System  

 
Advantages  
 

• Good option for a leased or rented 
vehicle, as they are typically not 
vehicle-specific 

• Easy to lift and secure bikes in 
place 

• Rack can be easily stored--even in 
trunk 

• Starting well under $100, the least 
expensive of all types Source [on-
line article] 
http://www.consumerreports.org/c
ro/cars/maintenance-
accessories/bike-
racks/overview/index.htm 

 

Strap-on trunk-mounted carrier 
Strap-on trunk mounts are the least expensive bike-carrier option. They typically cost from $30 to $130. Straps attached to the 
carrier's frame attach to the car's trunk, hatchback, or rear bumper. The bike's frame rests on plastic-coated support arms; 
better carriers have padded or indented cradles to hold the frame. You need to tightly strap the carrier to the vehicle, and 
properly orient the carrier frame supports and carrier arms to balance the carrier before installing bikes. You can typically 
carry one or two, and in some cases, three bikes on a trunk-mounted carrier. While trunk-mounted carriers are inexpensive 
and can fit many vehicles, they do have a greater chance of damaging the vehicle and the bikes than do other carrier designs. – 
Source – http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm  
 

http://www.realtruck.com/Products/HitchAccessories.asp  10/03/06, Lund Fold Down Receiver Hitch 
Mount Bike Carrier, www.realtruck.com  
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm  
12/3/06, Bike racks: Tips for choosing the right one for you, www.consumerreports.com  

Negatives  

• Typically, combined weight of bike and rack rests on the 
vehicle's body panels, which can cause damage to paint or 
sheet metal 

• Straps can come loose, wear out, or snap 
• Straps can be cut easily, compromising security of rack 
• Difficult to lock bikes to rack or car 
• Often padding needs to be added between the bikes to 

keep them from banging into eac,h other and scratching 
• Trunk cannot be opened with rack installed 
• You could get a ticket if the license plate or taillights are 

obstructed 
• May block driver's view out of rear window  Source [on-

line article] 
http://www.consumerreports.org/cro/cars/maintenance-
accessories/bike-racks/overview/index.htm 

http://www.realtruck.com/products/curt_hitches.php#class3square�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.realtruck.com/Products/HitchAccessories.asp�
http://www.realtruck.com/�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.com/�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
http://www.consumerreports.org/cro/cars/maintenance-accessories/bike-racks/overview/index.htm�
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FOLDING CARGO TRAILER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Features 

• Tongue Diameter: I.D. 2 1/4 inch and 
O.D. 2 1/2in. 

• Diameter of Channel: I.D. 2 5/6in. and 
O.D. 3in. 

• Bearing: L44643 
• Load capacity of 960 lbs 
• Wheels are not included 

 
 Advantages  

• Versatile  
• Easy to Use  
• Safe  
• Readily 

Available in 
many 
configurations  

  

4ft. x 8ft. folding trailer is large enough to use for a variety of transporting needs. Comes with light kit and 1 
7/8in. coupler. Overall length is 134in. and overall width is 61in.. Meets or exceeds all road-ready specifications. 
Wheels not included. Truck Ship. 

 

http://www.northerntool.com/webapp/wcs/stores/servlet/product_6970_465468_465468  12/3/06, 
Northern Industrial Folding Trailer Kit with Light Kit and coupler – 4ft. X 8ft., www.northerntool.com   

Disadvantages  
• Bulky  
• Need room to 

store  
• No Covered  
• Theft resistant  
• Lack of Shock 

absorbers 

http://www.northerntool.com/webapp/wcs/stores/servlet/product_6970_465468_465468�
http://www.northerntool.com/�
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GEAR WAGON SPORT TRAILER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Standard Features 

• 86 cubic feet of cargo space for unprecedented 
capacity without the weight.  

• Lightweight construction pulls easily behind smaller, 
low powered vehicles. Patented aerodynamic design drafts 
behind your vehicle for fuel efficiency and easy 
maneuverability.  

• Unique opening design provides easy access for 
loading and unloading of your cargo.  

• Capsule made of tough, ultraviolet protected, 
paintable ABS Lustran™ plastic by Bayer Corporation.  

• Torflex™ axle provides superior shock absorption 
and independent wheel suspension for a soft ride.  

Advantages  
• Lightweight  
• Ease of use  
• Compact 

Design 
• Standard 

components to 
transport  

• Covered Cargo 
Carrier 

 

The Gear Wagon™ Sport Performance Trailer® is ideal for highway and improved road use for small to large 
size vehicles, and is the favored model for Class I rated vehicles. Enjoy the cargo capacity of a large SUV while 
driving a small car and saving gas!  

 

http://www.letsgoaero.com/ProductDetail.asp?Pid=37  10/01/06, Gear Wagon™ SPT Sport Trailer, 
www.letsgoaero.com  

Disadvantages 
• Need room to store  
• Inability to store large 

bulky items such as 
dry wall, lawn 
equipment or bicycles 
without disassembling 

 

http://www.letsgoaero.com/ProductDetail.asp?Pid=37�
http://www.letsgoaero.com/�
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APPENDIX B – CUSTOMER SURVEY ANALYSIS AND RESULTS 
 
 

Versatile Trailer Customer Survey 

I am a senior at the University of Cincinnati studying Mechanical Engineering Technology.  We are designing a more versatile cargo 
trailer that can be used in both recreational and utility applications.  Please answer the following questions to help improve the overall 
design of the trailer.  The purpose of this survey is to determine the most popular forms of cargo carrying and identify the areas of the 

design that need improvement. 

A. What is important to you in the design of a cargo trailer? Please circle the appropriate answer. Results 

 Feature                                                        1 = Least important, 5 = most important Pts % Customer 
Importance 

1 Safety 1 2 3 4 (3) 5 (17) N/A 97 13.32% 4.85 

2 Ease of use 1 2 3 (5) 4 (10) 5 (5) N/A 80 10.99% 4.00 
3 Versatility 1 2 3 (8) 4 (8) 5 (4) N/A 76 10.44% 3.80 

4 Good corrosion resistance 1 (2) 2 (3) 3 (7) 4 (7) 5 (1) N/A 62 8.52% 3.10 

5 Durability 1 2 (2) 3 (7) 4 (8) 5(3) N/A 72 9.89% 3.60 

6 Appearance 1 2 (2) 3 (3) 4 (10) 5(5) N/A 58 7.97% 2.90 

7 Low cost 1 2(2) 3 (8) 4 (7) 5 (3) N/A 71 9.75% 3.55 
8 Compact design 1 (2) 2 (5) 3 (8) 4 (4) 5(1) N/A 74 10.16% 3.70 

9 Ability to carry items of different sizes 
and shape 1(1) 2 (4) 3 (9) 4 (6) 5 N/A 60 8.24% 3.00 

10 It has good storage capacity 1 2 3 (5) 4 (12) 5 (3) N/A 78 10.71% 3.90 

        735 100.00%  

B. Please rank your satisfaction with the various vehicle based transporters currently on the market. 
Car-top Cargo Carrier                                                                            1 = Very unsatisfied, 5 = very satisfied 

1 Safety 1(3) 2 (5) 3 (4) 4 (4) 5(8) N/A 57 9.18% 2.85 
2 Ease of use 1 (4) 2(10) 3 (6) 4 5 N/A 42 6.76% 2.10 
3 Versatility 1(1) 2 (1) 3 (8) 4 (8) 5 (2) N/A 69 11.11% 3.45 
4 Good corrosion resistance 1 2(1) 3 (6) 4(10) 5 (3) N/A 75 12.08% 3.75 
5 Durability 1 (3) 2 (7) 3 (8) 4(2) 5 N/A 49 7.89% 2.45 
6 Appearance 1 2 3(12) 4 (6) 5 (2) N/A 70 11.27% 3.50 
7 Low cost 1(1) 2(2) 3 (8) 4 (6) 5 (3) N/A 68 10.95% 3.40 
8 Compact design 1 (2) 2 (5) 3 (7) 4 (4) 5 (2) N/A 59 9.50% 2.95 

9 Ability to carry items of different sizes 
and shape 1 2 (4) 3 (9) 4 (5) 5 (2) N/A 65 10.47% 3.25 

10 It has good storage capacity 1(1) 2 (2) 3(10) 4 (5) 5(3) N/A 67 10.79% 3.35 

        621 100.00%  

Tow behind cargo trailers                                                                 1 = Very unsatisfied, 5 = very satisfied 
1 Safety 1 (2) 2 (4) 3 (3) 4(7) 5 (4) N/A 67 10.62% 3.35 
2 Ease of use 1 (1) 2(2) 3 (6) 4(7) 5 (4) N/A 71 11.25% 3.55 
3 Versatility 1(1) 2 3 (5) 4(10) 5 (4) N/A 76 12.04% 3.80 
4 Good corrosion resistance 1 (3) 2 (6) 3 (9) 4(2) 5 N/A 50 7.92% 2.50 
5 Durability 1 2(1) 3 (9) 4(9) 5 (1) N/A 70 11.09% 3.50 
6 Appearance 1 (3) 2 (7) 3 (8) 4(2) 5 N/A 49 7.77% 2.45 
7 Low cost 1 (3) 2 (5) 3 (8) 4 (4) 5 N/A 53 8.40% 2.65 
8 Compact design 1 (2) 2 (6) 3 (7) 4(3) 5 (2) N/A 57 9.03% 2.85 

9 Ability to carry items of different sizes 
and shape 1(2) 2 (3) 3 (5) 4 (4) 5 (6) N/A 69 10.94% 3.45 

10 It has good storage capacity 1 2(2) 3(10) 4 (5) 5 (3) N/A 69 10.94% 3.45 
        631 100.00%  
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Vehicle mounted bicycle racks                                                          1 = Very unsatisfied, 5 = very satisfied 
1 Safety 1 (1) 2 (3) 3 (5) 4 (9) 5 (2) N/A 68 11.87% 3.40 
2 Ease of use 1 (2) 2 (2) 3 (10) 4 (4) 5(2) N/A 62 10.82% 3.10 
3 Versatility 1 (4) 2 (5) 3 (8) 4(2) 5(1) N/A 51 8.90% 2.55 

4 Good corrosion resistance 1 (1) 2(11) 3 (3) 4(4) 5 N/A 
(1) 49 8.55% 2.45 

5 Durability 1 (4) 2 (3) 3 (9) 4 (2) 5(2) N/A 55 9.60% 2.75 
6 Appearance 1(6) 2(3) 3(10) 4 (1) 5 N/A 46 8.03% 2.30 
7 Low cost 1 2(2) 3(7) 4 (4) 5 (7) N/A 76 13.26% 3.80 
8 Compact design 1 2(3) 3 (1) 4 (7) 5 (9) N/A 82 14.31% 4.10 

9 Ability to carry items of different sizes 
and shape 1 (5) 2 (6) 3 (4) 4(5) 5 N/A 49 8.55% 2.45 

10 It has good storage capacity 1(11) 2 (5) 3 (2) 4 (2) 5 N/A 35 6.11% 1.75 
        573 100.00%  

How much would you be willing to pay for a 
combined function trailer or fund for this project? [$50-$100 (2)]   [$100-500 (3)]   [$500-$1000(5)]   [$1000-More] 

Thank you for taking the time to complete this survey.  Your input is a valuable tool that will help shape this design. 

 
 
 
 

Overall Customer Satisfaction Rating and Related Customer Importance    
(Satisfied customer Ratings are Based on Percentage of  Responses of 4 or 5 From Above Survey) 

 

 

 

Vehicle 
mounted 

bicycle racks 
Tow behind 

cargo trailers 
Car-top Cargo 

Carrier 

Overall 
Customer 

Satisfaction 
Rating 

Average 
Customer 

Importance 
1 Safety 80.00% 70.00% 60.00% 70.00% 3.20 
2 Ease of use 80.00% 85.00% 30.00% 65.00% 2.92 
3 Versatility 55.00% 95.00% 90.00% 80.00% 3.27 

4 Good corrosion resistance 35.00% 55.00% 95.00% 61.67% 2.90 

5 Durability 65.00% 95.00% 50.00% 70.00% 2.90 
6 Appearance 55.00% 50.00% 100.00% 68.33% 2.75 
7 Low cost 90.00% 60.00% 85.00% 78.33% 3.28 
8 Compact design 85.00% 60.00% 65.00% 70.00% 3.30 

9 Ability to carry items of different sizes 
and shape 45.00% 75.00% 80.00% 66.67% 3.05 

10 It has good storage capacity 20.00% 90.00% 85.00% 65.00% 2.85 
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APPENDIX C - BILL OF MATERIALS  
 

Bill of Materials  

Company  
In 

Stock  Part Use  Descpription Part # Cost Qty Total Weight 
Victory 

Tube  Y Alternate  A513 Steel 3x.25   $9.77 50 $488.50  300 

Victory 
Tube Y 

Support 
Tubing 

A513 DOM 
3x3x.25 7' 

(Lengths Only)   $68.77 3 $206.31  123 
Lowes  Y Bolts .50 - 13 UNC   $1.00 16 $16.00  1 
Lowes  Y Lock Nuts .50 - 13   $1.00 15 $15.00  1 
Lowes  Y Pins  .5 X 4"   $2.50 12 $30.00  3 
Boone 
Steel  Y Plate Steel 36" X  6" X .25   $49.22 1 $49.22  15 

Boone 
Steel  Y Plate Steel 36" X  6" X .50   $85.32 1 $85.32  15 

Northern 
Tool 

Company Y Axles Kit 

Reliable Axle Kit 
— 2000-Lb. 

Capacity 12425 $159.99 1 $159.99  64 

Northern 
Tool 

Company Y Coupling  

Fulton Quick-
Lock Trailer 

Coupler — 2in. 
Channel 1280   1 $0.00  3 

Northern 
Tool 

Company Y Tires  

4-Hole High 
Speed Standard 

Rim Design 
Trailer Tire 

Assembly — 4.80 
x 8 12110 $24.99 2 $49.98  20 

Northern 
Tool 

Company Y 
Lighting 
Packages 

Northern 
Industrial Tools 
Deluxe Trailer 
Light Kit With 

Markers 127432 $22.99 1 $22.99  4 

Northern 
Tool 

Company Y 
Trailer 

Jack  

 Northern 
Industrial Tools 
Swivel Trailer 

Jack — 2000-Lb. 
Capacity  147390 $24.99 1 $24.99  16 

Lowes  Y 
Composite 

Decking  

16' CHOICEDEK 
PREMIUM 

GRAY 
WOODGRAIN 

DECKING 116166 $29.12 7 $203.84  144 
                  

    
Materials 
Part Total       

Total 
Cost $1,352.14  709.00  

                Pounds  
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APPENDIX D – QFD ANALYSIS 
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Safety  3    3   9 9 4.85 3.2 4 1.25 1.5 9.1 0.17 
Ease of Use 9  3   9     4 2.92 3 1.03 1 4.1 0.08 

Good Storage Capacity   9 9 9      3.9 2.85 4 1.40 1.5 8.2 0.15 
Versatility 3  3 3 3  3    3.8 3.27 4 1.22 1.5 7.0 0.13 

Compact Design   9 9 9 1 1    3.7 3.3 3.5 1.06 1 3.9 0.07 
Durability 3 9     1 9   3.6 2.9 3 1.03 1.3 4.8 0.09 
Low Cost  9     9 9   3.55 3.28 3.8 1.16 1 4.1 0.08 

Corrosion Resistance  3      9   3.1 2.9 3.5 1.21 1.3 4.9 0.09 
Ability to Carry items of different sizes    9 9  9    3 3.05 3.5 1.15 1.4 4.8 0.09 

Appearance  3        3 2.9 2.75 3 1.09 1 3.2 0.06 
Abs. Importance 1.34 2.17 2.63 3.21 3.21 1.26 2.03 1.49 1.51 1.69 20.54     54.1 1.00 
Rel. Importance 0.065 0.106 0.128 0.156 0.156 0.061 0.099 0.073 0.074 0.082 1.00       

Existing Trailer Design  30 3 4 8 40            
Direction of Movement X S ↑ + + ↑ X X X X        

Target Value  30 5 4 8 85            
Units  KSI ft ft ft lbs            
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APPENDIX E – DESIGN OBJECTIVES  
 
Features Engineering Characteristics Objective 
Safety  Compliance with all Safety 

Requirements, Material and 
Lighting 

The prototype will meet all safety requirements, as defined 
by the Department of Motor Vehicles.   

Low Cost   Material strength, Corrosion 
resistant materials, 
Standardized Components  

The prototype will use materials that are cost effective and 
the use of standard components will be used to keep cost to 
a minimum  

Versatility  Clearance and part fit, Height, 
Width and Length 

The prototype will incorporate space saving concepts and 
will rely on dimensional analysis 

Good Storage 
Capacity 

Height, Width and Length The prototype will have a 24 cubic foot compartment. 

Ease of Use Clearance and part fit, Height 
and Weight 

Prototype will have a system that will incorporate fits that 
will allow the user to insert components with ease.  The 
weight of the compartment will be minimized.     

Ability to Carry 
items of different 
sizes 

Width, Length and Standard 
components 

The design will allow for the storage of standard product, 
for example 4’ X 8’ sheets of building material and full size 
bicycles  

Durability   Material strength and 
Corrosion resistant materials  

The prototype’s frame will be made with steel for rigidity 
and the compartment will have a finish to increase weather 
resistance.  

Corrosion 
Resistance 

  Material strength, Corrosion 
resistant materials 

The prototype will utilize materials that are corrosion 
resistant and exposed metal portions will be coated to resist 
corrosion. 

Appearance Material and Visibility  The prototype will be painted and finished to give an 
aesthetic appeal. 

Compact Design Height, Width, Length and 
Standard components 

The prototype will maximize the space of a standard 4’ X 
8’ flatbed trailer  
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APPENDIX F – PROPOSED DESIGN SCHEDULE 
 

Quarter Winter Quarter 
Months January February March 

Weeks 

1/
1/

07
 - 

1/
7/

07
 

1/
8/

07
 - 

1/
14

/0
7 

1/
15

/0
7-

1/
21

/0
7 
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21

/0
7-

1/
28

/0
7 
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29

/0
7-

2/
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07
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5/

07
-2

/1
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07
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/0
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/0
7 
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/0
7-
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/0
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/0
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-3
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1/

07
 

3/
12

/0
7-

3/
18

/0
7 

3/
19

/0
7-

3/
25

/0
7 

Tasks             
Alternate Designs & Selection 
(Weighted Objective Method) Jan. 3rd            

Initial meeting with advisor Jan. 3rd            

Proof of design  Jan. 8th           

Design Frame, Ball and Hitch             
Design Cargo Container             

EZ out rail Design and Lighting 
Specification             

Axle, Tire and Suspension Design 
Specification             

Research On Road Cargo Trailer 
Requirements             

Design Freeze        Feb. 19th     
Finalize components, distinguish 

between order and design             

Order Axle, Railing Components 
and All Materials         Feb. 26th    

Complete rough draft of report and 
have it reviewed             

Finalize report and get bound             
Design Report          Mar. 9th   

Create oral presentation and practice             

Oral Design Presentation           Mar. 12th  
Build Frame             

Build Bed and Rail System             
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Quarter Spring Quarter  
Months April  May June 

Weeks  

3/
26
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Tasks            
Construct Cargo Container             
Construct Axles, Tires and 
Suspension              
Final Assembly             
Test Run               
Demonstration of Proof of Design      May 1st      
Tech EXPO               
Oral Presentation          June, 2nd  
Project Report           June, 6th 
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APPENDIX G - ACTUAL DESIGN SCHEDULE  
Quarter Winter Quarter   
Months January February March 

Weeks  
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1/
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3/
19

/0
7-

3/
25

/0
7 

Tasks             
Alternate Designs & Selection (Weighted Objective 
Method) Jan. 3rd            
Initial meeting with advisor Jan. 3rd            
Proof of design Jan. 3rd             
Design Frame, Ball and Hitch              
Design Cargo Container                      
EZ out rail Design and Lighting Specification EZ Out Rail omitted            
Axle, Tire and Suspension Design Specification                  
Research On Road Cargo Trailer Requirements                  
Design Freeze          Feb. 26th    
Finalize components, distinguish between order and design                 
Order Axle, Railing Components and All Materials             March 12th  
Complete rough draft of report and have it reviewed                
Finalize report and get bound              
Design Report           Mar. 7th    
Create oral presentation and practice                
Oral Design Presentation          Mar. 7th    
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APPENDIX H - PROPOSED SPRING MANUFACTURING SCHEDULE 
 
 

Quarter Spring Quarter  
Months April  May June 
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Submit VA Request                   
Order Pick up Frame/Components                
Construct Frame                  
Construct Axles, Tires and Suspension                 
Final Assembly                
Test Run                  
Demonstration of Proof of Design        May 1st       
Tech EXPO             May, 16th    
Oral Presentation            June, 2nd   
Project Report             June, 6th  
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APPENDIX I – ACTUAL SPRING MANUFACTURING SCHEDULE 
 

 
Quarter     Spring Quarter  
Months   April  May June 

Weeks  3/
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Tasks                           
Order Materials                            
Send Out Couplings and 
Extensions to be Manufactured                           
Construct Frame                            
Assemble Extensions                           
Complete Final Assembly                            
Testing                            
Demonstration of Proof of Design                           
Tech EXPO                   May 16th       
Complete Practice Presentation                    May 18th       
Finalize Presentation                           
Oral Presentation                       May 30th   
Complete Final Rough Draft                            
Submit Final Rough Draft                            
Finalize Report and Project CD                            
Project Report                         June 4th 
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APPENDIX J - DESIGN BUDGET 

 
 
 

VersaTrailer    
Design Budget   

   
Budget   

   
Materials, Components or Labor 

     
 Forecasted Amount Actual Amount 

Frame $600.00 $300.00 
Extensions  $960.00 

Bed and Rails $250.00  
Cargo Container $200.00 $325.00 

Brackets  $140.00 
Lighting System $150.00 $23.00 

Hitch Components  $150.00 
Axle, Tires and Suspension System $200.00 $160.00 

Paint and Finishing Material $100.00 $225.00 
Hardware and Tooling Components  $200.00 

Total $1,500.00 $2483.00 
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APPENDIX K – AUTOCAD DRAWINGS  
 
 
 

 
 

Final Design Model  
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