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ABSTRACT 

 Motorcyclists always want to maintain a clean bike and add security to expensive 
components when parked outside. Traditional motorcycle covers have no way to offer security 
and are a hassle to remember to put on as you should not cover a hot motorcycle. If a hot 
motorcycle is covered it runs the risk of burning a hole through a standard cover and the chance 
of condensation build up that can cause rust. A new automatic motorcycle cover was created 
utilizing the engineering design process.  
 Majority of motorcycle enthusiast surveyed rated easy to operate, protecting the motorcycle 
and durability as the most important customer features. By taking the customer’s opinions into 
careful consideration along with engineering analysis on several different designs, the most 
appealing of the concepts was selected.  
 In order to make the cover durable for the customers, the cover had to be able to withstand 
70MPH winds and a foot of snow. The wind force was calculated by using a simple wind force 
equation over the overall cross section, distributing the load evenly and using drag coefficient 
ratios to calculate the exact force applied to each member. The Snow load was calculated in 
reverse off of the already designed snow load. In order for the cover to withstand the 70MPH 
winds it was already strong enough to hold 3 foot of snow, exceeding the requirement. Shafts 
were designed using simple bending and sheering moment equations and diagrams. A purchased 
motor was then selected based off of the torque required to actuate the cover. The affordable and 
best motor for the design was found but required a transmission to be designed to increase torque 
and decrease speed; this lead to analysis on different types of ways to transmit the torque. The 
analysis pointed towards a chain drive. Chain calculations were done to determine the number of 
chains, sprocket sizes and chain size according to torque applied and space requirements.  
 All components were selected to best meet the customer’s needs. An automatic motorcycle 
cover with an adjustable timer and a keyed switch will allow motorcyclist to maintain a clean 
bike without increasing opportunity for rust and adding security. The design allows for single 
tool installation with the use of only a 7/16” socket. It also folds up to being 8” wide for easy 
storage. The components selected were made to withstand the harsh environment of the outdoors 
such as a waterproof motor, stainless steel shafts and bearings to eliminate shaft wear and 
promote longevity of the product. The cross members were strategically placed to aid in 
protecting the bike.   
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INTRODUCTION 

 Many people who own motorcycles come across the issue of having to clean their 
motorcycle very frequently. Unlike a car, you sit on the motorcycle, coming in contact with 
exterior of the bike. So, where you may allow a car to get dirty and not care so much, a 
motorcycle if it is not keep clean gets the operator dirty. An easy fix is to cover the motorcycle 
when not in use. However, the motorcycle must cool down after a ride before it is covered or the 
risk is run of burning a hole in the cover and building condensation under the cover causing rust 
over time. So the operator must leaving the bike for an extended period of time and come back to 
cover it. Most operators forget to come back to cover it or simply don’t figuring they will ride it 
again soon enough, which leads to more frequent cleaning. Another issue motorcyclist come 
across when parking their motorcycle outside is accessories being stolen off the motorcycle. This 
report goes through the detailed process of designing an automatic motorcycle cover that allows 
operators to walk away from a motorcycle immediately following a ride and the motorcycle will 
automatically be covered once it has cooled down adding protection for cleanliness and security.  
 
 

EXISTING PRODUCTS 

 
The Touchless Cover

tm
 (1) 

 
 The Touchless Cover revolutionized the boat cover industry making protecting your boat 
from harsh outdoor environments substantially easier than fighting a boat cover on and off by 
hand with their innovative retractable boat covers. Once the attention was turned towards land, 
they began creating them for R.V.’s, Golf Carts, Hot tubs and more. This cover does not do 
much in terms of keeping the motorcycle protected from much other than UV rays and rain. The 
cover does not come in contact with the ground to eliminate dust stirring up in the wind and 
getting the motorcycle dirty. 
 

Figure 1 - The Touchless Cover Motorcycle Cover 
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RideInn USAtm  (2) 
 
 The RideInn USA all-purpose cover seen in figure 2, can be used for motorcycles, lawn 
equipment, snowmobiles, etc. RideInn is offered in two sizes, 46” and 58”.   Has side vents to 
reduce condensation which causes rust yet restricts airflow enough to eliminate stirring up dust 
causing dust build up on the bike without coming in contact with the bike to eliminate the need 
to allow the bike to cool down. This cover still requires the operator to cover the bike and if 
vents get blocked or clogged it could allow condensation build up.  
 

 
 
Cycle Shelltm (3) 
 
 Cycle Shell’s motorcycle cover, seen in figure 3, comes in 3 different sizes (Sport, Cruiser 
and Touring). Has side vents to reduce condensation which causes rust yet restricts airflow 
enough to eliminate stirring up dust causing dust build up on the bike without coming in contact 
with the bike to eliminate the need to allow the bike to cool down. No assembly required and 
collapses to 5” thick. Cover is Waterproof and UV Protectant. This cover still requires the 
operator to cover the bike and if vents get blocked or clogged it could allow condensation build 
up.  

 
   
 
 
Speedway Sheltertm (4) 
 

Figure 2 - The RideInn USA Motorcycle Cover 

Figure 3 - The Cycle Shell Motorcycle Cover 
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Speedway’s motorcycle cover, shown in figure 4, comes in 2 different sizes (Small and Large). 
Has side vents to reduce condensation which causes rust yet restricts airflow enough to eliminate 
stirring up dust causing dust build up on the bike without coming in contact with the bike to 
eliminate the need to allow the bike to cool down. Cover is Waterproof and UV protectant. This 
Cover still requires the operator to cover the bike and if vents get clogged or blocked it could 
allow for condensation to build up.  
  

  

 

 After researching existing products on the market it has become clear that there is not a device 

that will automatically cover a motorcycle after it has cooled down.  There are many devices that will 

allow for covering of motorcycles but do not add security, protection from impact or flawless 

condensation protection.  The research will be used as an aid in the design process of the automatic 

motorcycle cover by incorporating similar ideas into the final product.  See appendix D for a full list 

of customer features. 

 
 
  

Figure 4 - The Speedway Shelter Motorcycle Cover 
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CUSTOMER FEEDBACK AND OBJECTIVES 

 

SURVEY ANALYSIS 

 
 A survey was conducted to calculate the relative importance of the design factors based on a 
list of produce features intended to be offered to the customers. The survey asked the survey 
participants to rate each of the design factors on a scale from 1 to 5 with 5 being the most 
important and 1 being the least important. The survey participants consisted of 16 individual 
motorcycle enthusiasts at a local bike night. The results are shown below by order of importance, 
Table 1 - Survey Results for Importance and Current Satisfaction. 
 

Table 1 - Survey Results for Importance and Current Satisfaction 

 
 

 
 Participants rated easy to operate and protects the motorcycle as the most important while 
reliable and easy to install was least important.  The survey points out the consumers features 
that should be focused on more in the design phase for customer satisfaction.  With easy to 
operate and protecting the motorcycle being the top two, a larger design factor will be used for 
impact rating of structure, fatigue, and a higher rating on standard components with little to no 
operator interactions with the cover required for the final product.   
  
 The survey also asked participants about their satisfaction with current covering methods.  
This was used to determine where the most improvement can be made to effectively increase 
customer satisfaction of the final product.  See table 1.  
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 The survey results showed that participants were most unsatisfied with the reliability and its 

ability to protect the motorcycle.  Focusing on these two features will gain the greatest customer 

satisfaction improvement.  In order to combine the overall idea of the design goals with the survey 

results a quality function deployment table was used,      Table 2 – 
Quality Function D.  The QFD is a tool that helps determine the features that present the most room 

for improvement and overall which should be the top priorities in the design process.  Looking at the 

QFD, easy to operate, durable, reliable and protecting the motorcycle received the highest relative 

weight ratings. This is because these features will be critical to an effective design that answers the 

problem statement and returns the higher customer satisfaction.  

 

 A key design decision made was to make reliability a major factor in the design process. This is 

because the cover will completely enclose the bike protecting it and increasing security. However, if 

the cover were to malfunction and not uncover the motorcycle when the operator desired. It could 

potentially be a major problem especially if the operator is leaving under emergency circumstances. 

So, since the cover is potentially entrapping an individual’s only means of transportation at given 

time, reliability is a must.  

 

 
     Table 2 – Quality Function Deployment 
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OBJECTIVES 

 
1. Easy to Operate (19%) 

a. timer activated cover once motorcycle is parked  
b. Wheel caulk for consistent parking location. 

 
2. Easy to Install (11%) 

a. assembled by use of quick connect fittings 
b. Single tool assembly  
c. installation in under 5 minutes 
d. Prewired with 120VAC plug  

 
3. Easy to Store (9%) 

a. Folds up vertically to less than an 10” width 
b. Not bolted to the floor so it is easily maneuverable.   

 
4. Durable (19%) 

a. Bushings on all joints to eliminate wear 
b. Rust resistant material 
c. Design factor consistent with process able to withstand up to 70 MPH winds. 

 
5. Protects the Motorcycle (17%) 

a. Design factor consistent with process able to take impacts of up to 70 pounds of 
force from random surrounding objects to protect motorcycle 

b. Strategic use of cross members to protect from protruding objects from pushing 
through cover. 

c. Cover itself will protect the motorcycle  
 

6. Reliable (18%) 
a. Purchased Components will be able to withstand humid conditions encountered in a 

garage, barn or outside environment 
 

7. Affordable (8%) 
a. Less than $425 (prototype) 
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CONCEPT DESIGNS 

 
 Concept #1 

 
Figure 5 – Concept Drawing #1 

 
The Idea of the first concept was to cover the bike from one side to the other. 
Positives    �egatives 
Simple design    Largest of the concepts 
Few components and parts  Tall side wall creates large area to catch wind 
      Top heavy when opened 
      Not easily compactable 
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 Concept #2 

 
Figure 6 – Concept Drawing #2 

 
The Idea of the second concept was to cover the bike from front to back. 
Positives    �egatives 
Easily Compactable   More Complex Design 
Low to the ground when opened More Parts 
Smaller components    
Small area susceptible catch wind 
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 Concept #3 

 
Figure 7 – Concept Drawing #3 

 
The Idea of the third concept was to cover the bike from front to back. Unlike the second 
concept, the third has rounded edges and a removable wheel chock.  
Positives    �egatives 
Easily Compactable   Most Complex Design 
Low to the ground when opened More Parts 
Smaller components    
Small area susceptible catch wind 
Removable and interchangeable Parts 
Rounded for less wind drag 
Foldable for more compact Storage 
More Adjustable 
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DESIGN SELECTION 

All three of the concept ideas meet the objectives. However, an analysis was ran to narrow down 
the best of the concepts. This analysis can be seen below. 
 

Table 3 – Concept Analysis 

 

 

Concept #3 had the highest weighted and straight rating out of the three. Not only because of the 
ratings but also from an engineering stand point, Concept #3 was the chosen concept. The 
rounded sides would reduce wind drag and allow less area for snow build up making it require 
less building materials to with stand the same amount of environmental conditions. Also with 
concept three having a removable wheel chock and being more collapsible it will make it more 
appealing to customers. 

 

SELECTED CONCEPT 

This is the selected concept that is being built to best meet the customer’s needs and project 
objectives. Full assembly and individual part drawings can be seen in the appendices. 
 

 
Figure 8 – Final Drawing 
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DESIGN ANALYSIS 

WIND DESIGN 

Once the concept was in place to meet customer features, analysis was done on the design 
to make sure it met the design goals. The design goals were to be able to withstand 70 MPH 
winds and be able to operate off of a battery. In order to determine these things the following 
analysis had to be done: Wind Calculations, Motor Force, Motor Speed, Shaft Calculations and 
Chain Drive Design Analysis. Snow load analysis was also done but rendered itself inconclusive 
compared to the load of 70 MPH winds. Along with doing the analysis the design was tweaked 
to meet design goals. This was necessary to find components that met the designed goals that 
were affordable and reliable. See Appendix F – Design Analysis/Calculations for complete 
calculations and equations. 

 
 

 
 

The wind force was calculated to be 451.74 lbs of force evenly distributed across a 
vertically flat half circle with a radius of 64 inches as seen in Table 4 – Wind Force Calculations. 
Once this was done, the force was then divided into the 5 sections of the assembly creating a 
force of 90.35lbs per section. Each of the 5 sections was then concentrated on the 1” steel 
member behind it. However, the coefficient of drag for a rounded surface compared to that of a 
flat surface is less. So, the member was divided into 4 equal sections of 16 inches. The first 48” 
or three sections maintained the 1.3 drag coefficient while the top 16” section was multiplied by 
the ratio of flat drag verses rounded drag. The drag ratio was 0.63 giving a total force on each 
member of 81.99lbs per member with an evenly distributed force of 14.23lbs across the top 16” 
of each member and an evenly distributed force of 67.76lbs across the first 48” or three 16” 
sections of each member.  
  

Table 4 – Wind Force Calculations 
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Then, with the resultant force of the evenly distributed loads centralized on the bottom 
48” section and top 16” section, the resultant bending moment was found to be 2423.13inlbs at a 
distance of 29.55” from the base. Using the section modulus for 1” square tubing with 1/8” wall, 
the maximum stress was found to be 21268.61psi. The yield strength of 1015 hot rolled steel is 
45.5ksi, leaving the design with a design factor of 2.14 for the structure to withstand 70 MPH 
winds.  See Table 5 – Wind Force Design for step by step calculations.   

Table 5 – Wind Force Design 

Figure 9 – Coefficient Ratio 
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MOTOR REQUIREMENTS 

Once the design calculations were complete for the wind forces, the weight of each 
member could then be determined. With the assistance of Solid Edge’s Simulation Express tool, 
each member of 1015 hot rolled steel weighed 17.5lbs with a center of mass at 34” from the 
member’s restraints. The maximum weight that would be required by the motor to move at once 
will be one and a half members. This is because each member will reach an angle of 45 degrees 
before the next member begins to lift off the ground. That will apply a torque of 892.5inlbs at the 
drive shaft. A design factor of 2 requires 1785inlbs of torque to be transferred to the drive shaft. 
See Component Selection section of this report for insight on why the chosen motor was 
selected. 

  
The selected motor outputs 850inlbs of force at 25 amps and 6 RPMs. In order to make 

this motor work drive was designed to multiply the torque to reach the desired torque, while 
keeping time of operation in mind. A ratio of 2 was determined to be a good design to achieve a 
design factor of 1.9 and close in 10 seconds.  

 
Table 6 – Motor Force and Speed Design Calculations 
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CHAIN DESIGN 

 A dual chain design was decided to be the most favorable design. The dual chain was 
necessary to meet strength requirements and fit size constraints. The size constraint on the large 
sprocket was a 2.5” radius. The decision to go with a dual #40 chain drive allowed the design 
power and rpm meet requirements for the minimum number of teeth on the small sprockets to be 
11. This meant that the larger sprockets would have 22 teeth and a pitch diameter of 3.51” which 
is below the requirement with a comfortable cushion of roughly ¾”.  
 

Table 7 – Chain Design Calculations 
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SHAFT DESIGN 

 A 1” diameter shaft turned down to ¾” diameter in two places was selected for the drive 
shaft. The design was then checked to find the required strength of the shaft verses the actual 
strength of the shaft. With the use of load, shear and bending moment diagrams the maximum 
bending moment on the shaft was calculated to be 2326.26inlbs, the max stress was then 
calculated using the smallest diameter of the shaft. The max stress was 56,166.24 psi. The yield 
strength of the 440C shaft selected was 270,000psi. Since the maximum bending moments were 
calculated with a design factor of 2 on the input torques, the actual design factor is 9.614. 
 

Table 8 – Shaft Design Calculations 
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COMPONENT SELECTION  

Steel 

 The choice to use 1” square tubing was simply done in the concept drawing to make it look 
nicer and hold its form better. However, when it came down to the analysis, the square tubing 
with 1/8” wall fit perfectly into the design with a design factor of 2.14 compared to the 70 MPH 
wind force.  
 
Motor  

 Once the type and profile of steel was determined the next task was to find a motor that fit 
into the budget that would operate of a battery. The highest torque motor that could be found 
under $150 was a gear motor with an output of 85inlbs that operated off 12vdc.  In order to 
incorporate this into the design a drive had to be designed to gear it to reach an adequate torque 
with a good design factor. To reach the desired torque it was necessary to have the translated 
torque twice that of the motor.  
 
Chain Design 

 The chain design had to account for the height of the drive shaft. The drive shaft is only 2.5” 
from the center of the shaft to the ground. The dual chain designed allowed for the translated 
power in each sprocket to be half of that of a single chain design. In doing this, the minimum 
number of teeth on the small sprocket with a #40 chain was 11 teeth for each sprocket. This 
made the larger sprockets 22 teeth to reach the needed translated torque from one shaft to the 
other. The pitch diameter for a 22 tooth #40 sprocket is 3.51 leaving just under ¾” clearance.  
 
Shaft design 

 The shaft selected was a very high grade stainless steel to prevent rust causing friction for 
outdoor uses. The shaft is turned down on each end from 1” diameter to ¾” diameter allowing 
for a bearing grade brass bushing to be sleeved over the shaft to act as a distributed reactant force 
and allow for easier rotation than metal to metal. The grade stainless was selected to eliminate 
outdoor wear but was also selected because of its affordability compared to lesser grades 
stainless. The 440C stainless selected has a yield strength of 4 times that of the other materials 
that were browsed upon on the vendors website and was slightly cheaper than the lower grades.  
 
Controls 

 The original idea was to have the machine cover the motorcycle based upon temperature. 
However, relay based infrared temperature sensors were well out of the budget for the proposed 
project. So, an easily adjustable, wide range timer was selected that can be adjusted on the fly, 
set and left or easily overridden. This will allow the operator to find a happy time interval for his 
bike to be covered that he personally can set and never adjust or a pushbutton will be in place to 
cover the motorcycle at anytime desired. Also, a key switch will be used in order to uncover the 
bike to add security along with protection from the weather.  
 
Cover 

 A polyurethane boat cover will be used to cover the mechanism. Boat covers are meant to 
breathe well and eliminate condensation that causes mold when a wet boat is covered. This will 
be perfect for eliminating moisture that will cause rust on a motorcycle while being durable and 
protecting the bike.   
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ASSEMBLY AND FABRICATION 

In order to build the automatic motorcycle cover there were several standard machining 
processes required: milling, welding, turning, water jetting and bending.  
 
Milling was done to machine key ways in the motor shaft and to drill and tap holes in the base 
and shafts as seen in Figure 10 - Milling the Motor Shaft. 

 
Figure 10 - Milling the Motor Shaft 

 
Turning was done to turn the shaft and bushings down to the designed specs. See Figure 11 – 
Turning the Shafts. 

 
Figure 11 – Turning the Shafts 
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The frame was all welding together with the use of a mig welder to ensure the shafts lines up 
properly. See Figure 12 – Welding the Members 

 
Figure 12 – Welding the Members 

 
The knuckles used to rotate around the bushings were all water jet cut as the design was very 
complex for a manual milling machine. This task was completed by an outside vendor.  
 
A hydraulic pipe bender was used to form a guide for bending the 1” square tubing. The 
hydraulic pipe bender was not consistent/accurate enough to bend each individual component.  
As seen in Figure 13 - Clamping, Figure 14 - Setup, Figure 15 - Bending and Figure 16 – Final 
Members. 

 
Figure 13 - Clamping 

 
Figure 14 - Setup 

 
Figure 15 - Bending 

 
Figure 16 – Final Members 
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TESTING 

Testing was done to verify alignment of the shafts and force required by the motor. A torque 
wrench on the shaft proved that the calculations of needed force by the motor were within 5% 
indicating that there was slightly more friction than anticipated but not enough that the design 
factor of 2 could not easily overcome. 
 
The electrical testing made visible room for improvement. The initial electrical schematics 
required the battery to maintain a relay at all times. However though the use of double throw 
limit switches, I was able to rewire the cover to only have to maintain a relay during operation or 
movement, eliminating all undesired battery draw.  The updated wiring diagram can be seen 
below in Figure 17 – Electrical Drawing. The original can be seen in Appendix I. 

 
Figure 17 – Electrical Drawing 
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Also in testing, it became evident that to eliminate the cover from slamming back when opening 
there had to be a back pressure on the first member. This was easily achieved by the cheap and 
affordable addition of a tool balancer. A picture of the tool balancer can be seen below in Figure 
18 – Tool Balancer.  

 
Figure 18 – Tool Balancer 

 
The last change made in testing was the elimination of the latch mechanism. Originally the 
design entailed having a latch to hold the cover shut for added security. However, once the motor 
was installed and testing began I discovered that the motor purchased had an internal worm gear 
making so the motor had be under power to be able to rotate. This eliminated the need to install 
the latch. 
 
All final shop drawings can be seen in Appendix J 
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FINAL PRODUT  

 
Below are images of the final product in Figures 19 – 24. 

 
Figure 19 – Closed Cover 

 

 
Figure 20 – Battery and Control Panel 

 
Figure 21 – Key Switch 
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Figure 22 – Limit Switched for Open and Closed 

 
Figure 23 – Motor and Sprocket 

 
Figure 24 – Motorcycle Indicating Limit Switch 
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SCHEDULE  

 
Below is Table 9 - Schedule of Design, a list of tasks in order to complete the design and build of 
the automatic motorcycle cover by April of 2013. 
 
 

Table 9 - Schedule of Design 

 
 

BUDGET 

 
    Table 10 - Budget for Build 

  

Estimated 

Price $ 

Actual 

Price $ 

Steel (frame) 120 136.54 

Wheel Caulk 25 0 

Wiring  20 0 

Motors 100 59.99 

Push Buttons and Enclosure 25 100 

Material for Cover 40 10 

Misc. (labor and parts) 95 168.94 

  

Total $425 475.47 
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APPENDIX A - RESEARCH  

 
Interview with Rick Barat on (9/10/12) 
Owner of IMT (Innovative Marine Technology) 
6450 University Blvd Ste. 1 
Winter Park, FL 32792 
IMT is a local marine dock and boat lift repair company in Winter Park, Florida.  
He has the only known patent that he or I can find or are aware of on an automatic 

motorcycle cover. (See Touchless Cover) 
Made and innovated boat cover that does not touch the boat and simply slides down around 
the sides of the boat by use of a remote. He patented the design and began selling in 1998. 
He was asked by a friend to build one for a Golf cart that then made him turn his head to 
create them for purposes off the water, i.e. motorcycles, golf carts, hot tubs, RV’s. 
Through extensive researching on my end I only turned up one other vendor of anything 
close to my senior design project, RideInn, to whom he was unaware. 
He has never heard of a design nor attempted at a design like mine, much less had any input 
as to similar designs or concepts to take into consideration. 
 
 
Interview with RideInn USA Representative 
No response in 4 business days.  
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The Touchless Cover
TM           (http://www.touchlesscover.com) 

The Touchless Cover revolutionized the boat cover industry 
making protecting your boat from harsh outdoor environments 
substantially easier than fighting a boat cover on and off by hand 
with their innovative retractable boat covers. Once the attention 
was turned towards land, they began creating them for R.V.’s, 
Golf Carts, Hot tubs and more.  
The cost of a unit large enough for a motorcycle ranges from 
$1,200 to $2,200. 

• The Touchless Cover 
is for outdoor 
purposes to protect 
from the harsh 
weather and sun.  

• It is not for in the 
garage. 

• It does not prevent 
dust build up as a 
dust cover would 
since it does not 
contact the bike or 
the ground to seal 
airflow around the 
bike which causes 
dust build up. 

• The sides are not 
reinforced to protect 
from things running 
into it as would 
happen in a garage 
environment with 
moving things 
around. 

• Since it does not 
come in contact with 
the bike it does not 
take into 
consideration 
allowing the bike to 
cool down.   

$1,200 - $2,200 USD 
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• It’s not rigid enough 
to withstand the 
impact that can occur 
within an average 
garage. 

• Is not automatic. 

• If it were in contact 
with the bike as a 
dust cover it would 
allow for better dust 
prevention along 
with a less bulky 
area required. 

• Contact with the bike 
once it had cold 
down would 
eliminate any chance 
of condensation 
better than air vents 
around a hot object. 

 
 

$329 - $525 USD 

RideInn USA
                                   (http://www.rideinnusa.com) 

The RideInn USA all-purpose cover can be used for motorcycles, 
lawn equipment, snowmobiles, etc. RideInn is offered in two 
sizes, 46” and 58”.   Has side vents to reduce condensation which 
causes rust yet restricts airflow enough to eliminate stirring up 
dust causing dust build up on the bike without coming in contact 

with the bike to eliminate the need to allow the bike to cool down.  

These RideInns range from $329 to $525 depending on size and color.  
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• It’s not rigid enough 
to withstand the 
impact that can occur 
within an average 
garage. 

• Is not automatic. 

• Waiting with for the 
bike to cool down 
would eliminate any 
chance of 
condensation better 
than air vents around 
a hot object. 

 
 

$350 - $450 USD 

CYCLE SHELL
™

                    (http://www.cycleshell.com) 

Cycle Shell’s motorcycle cover comes in 3 different sizes (Sport, 
Cruiser and Touring). Has side vents to reduce condensation which 
causes rust yet restricts airflow enough to eliminate stirring up dust 
causing dust build up on the bike without coming in contact with the 
bike to eliminate the need to allow the bike to cool down. No 
assembly required and collapses to 5” thick. Cover is Waterproof and 
UV Protectant.  
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• It’s not rigid enough 
to withstand the 
impact that can occur 
within an average 
garage. 

• Is not automatic. 

• Waiting with for the 
bike to cool down 
would eliminate any 
chance of 
condensation better 
than air vents around 
a hot object. 

 
 

$350 - $450 USD 

SPEEDWAY
™

                 (http://www.speedwayshelters.com) 

Speedway’s motorcycle cover 
comes in 2 different sizes (Small 
and Large). Has side vents to 
reduce condensation which 
causes rust yet restricts airflow 
enough to eliminate stirring up 
dust causing dust build up on the 
bike without coming in contact 
with the bike to eliminate the 
need to allow the bike to cool 
down. Cover is Waterproof and 
UV Protectant.  
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APPENDIX B – CUSTOMER SURVEY 

 
AUTOMATIC MOTORCYCLE COVER 

CUSTOMER SURVEY 

The purpose of this survey is to gain customer input on an automatic motorcycle. The cover 
would automatically cover your motorcycle once the motor and exhaust has cooled down.  

 
 

How important is each feature to you for the design of Automatic Motorcycle cover?  
Please circle the appropriate answer.     1 = low importance         5 = high importance 
                                      Average 

Easy to Operate 1(0) 2(0) 3(0) 4(4) 5(12) N/A      (4.8) 
Easy to Install 1(0) 2(0) 3(5) 4(10) 5(1) N/A      (3.8) 
Easy to Store  1(0) 2(0) 3(2) 4(4) 5(10) N/A      (4.5) 
Durable 1(0) 2(0) 3(0) 4(7) 5(9) N/A      (4.6) 
Protects the Motorcycle 1(0) 2(0) 3(0) 4(3) 5(13) N/A      (4.8) 
Reliable 1(0) 2(1) 3(11) 4(4) 5(0) N/A      (3.2) 
Affordable 1(0) 2(0) 3(5) 4(5) 5(6) N/A      (4.1) 

 
 
How satisfied are you with the current Motorcycle Cover?   
Please circle the appropriate answer.      1 = very U�satisfied          5 = very satisfied 
                                      Average 

Easy to Operate 1(0) 2(7) 3(6) 4(0) 5(3) N/A      (2.9) 
Easy to Install 1(0) 2(3) 3(5) 4(8) 5(0) N/A      (3.3) 
Easy to Store  1(0) 2(3) 3(5) 4(4) 5(4) N/A      (3.6) 
Durable 1(3) 2(7) 3(0) 4(3) 5(3) N/A      (2.8) 
Protects the Motorcycle 1(0) 2(9) 3(4) 4(3) 5(0) N/A      (2.6) 
Reliable 1(6) 2(4) 3(5) 4(1) 5(0) N/A      (2.1) 
Affordable 1(0) 2(0) 3(7) 4(9) 5(0) N/A      (3.6) 
 
 
How much would you be willing to for an Automatic Cover? 
 

 $50-$100(0)           $100-$250(1)          $250-$500(2)        $500-$750(11)        $750-$1000(2)  
 
 

Thank you for your time and input. 
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APPENDIX C - QUALITY FUNTION DEVICE 
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Easy to Operate 9 3             9   4.8 2.9 5 1.7 8.3 0.19 19% 

Easy to Install 3 9 3 3   3     3   3.8 3.3 4 1.2 4.6 0.11 11% 

Easy to Store     9 9 3   3   9   4.5 3.6 3 0.8 3.8 0.09 9% 

Durable   3 3 3 3 9         4.6 2.8 5 1.8 8.2 0.19 19% 

Protects the Motorcycle   3 3 3 3   9       4.8 2.6 4 1.5 7.4 0.17 17% 

Reliable         3 3   9     3.2 2.1 5 2.4 7.6 0.18 18% 

Affordable   3         3     9 4.1 3.6 3 0.8 3.4 0.08 8% 

Abs. importance 2.04 2.85 2.18 2.18 1.87 2.56 2.03 1.58 2.82 0.71 20.8 

  

43.3 1.0 1.0 

Rel. importance 0.10 0.14 0.10 0.10 0.09 0.12 0.10 0.08 0.14 0.03 1.0 

 

  
 

James Stapleton 
Automatic Motorcycle 

Cover 
9 = Strong 
3 = Moderate 
1 = Weak 
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APPENDIX D –PRODUCT OBJECTIVES 

 
 

1. Easy to Operate (19%) 
a. timer activated cover once motorcycle is parked  
b. Wheel caulk for consistent parking location. 

 
2. Easy to Install (11%) 

a. assembled by use of quick connect fittings 
b. Single tool assembly  
c. installation in under 5 minutes 
d. Prewired with 120VAC plug  

 
3. Easy to Store (9%) 

a. Folds up vertically to less than an 10” width 
b. Not bolted to the floor so it is easily maneuverable.   

 
4. Durable (19%) 

a. Bushings on all joints to eliminate wear 
b. Rust resistant material 
c. Design factor consistent with process able to take impacts of up to 70 pounds of force 

from random surrounding objects to protect motorcycle 
 

5. Protects the Motorcycle (17%) 
a. Design factor consistent with process able to take impacts of up to 70 pounds of force 

from random surrounding objects to protect motorcycle 
b. Strategic use of cross members to protect from protruding objects from pushing through 

cover. 
c. Cover itself will protect the motorcycle  

 
6. Reliable (18%) 

a. Purchased Components will be able to withstand humid conditions encountered in a 
garage, barn or outside environment 
 

7. Affordable (8%) 
a. Less than $425 (prototype) 
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APPENDIX E - CONCEPTS AND CONCEPT ANALYSIS 
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APPENDIX F – DESIGN ANALYSIS/CALCULATIONS 

 
Wind Force Calculations 
 
Wind Force Equation 

   ���������� = 	��	
�� ∗ 	�� ∗ �� ∗ �� 

 

 

�	
��	������ =
��

2
=
 �5

1
3
����

2
= 44.68	��� �� = ����	��
���
�	���	��������	����	��ℎ	�	����		�	����	�� �� = 0.63	���	��������	� �� = ����	��
���
�	���	�������	���� �� = 1.3	���	����	��������	0.819	���	 ��
!	�������� 

"����
����	����	������� =
#��
�#���
�

=
48	

64	
 =

3

4
 �� = $	
!	����
��	�
	"������� �� = 	0.00256 ∗ %� �� = 0.00256 ∗ �70	&"'�� = 	12.54	&"'� �����	���	��
� = 44.68 ∗ 0.63 ∗ 1.3 ∗ 12.54 = 451.74	��� ����	������ =

�����	���	��
�

#	�����(�(���� = 	451.74���
5

= 90.348	��� ���
�	���
 = ����	������ ∗ "����
����	���� ���
�	���
 = 90.348 ∗
3

4
= 67.761	��� 

��	�
��� =
��	�������	��
�

= 	0.819

1.3
= 	0.63 

����	���
 = ����	������ ∗ �1 − "����
����	����� 
����	���
 = 90.348	��� ∗

1

4
= 22.587	��� 
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������	���
 = ����	���
 ∗ ��	�
��� = 22.587	��� ������	���
 = 22.587	��� ∗ 	0.63 = 14.230	��� ����
�	���	������ = 	 ���
�	���
 + ������	���
 ����
�	���	������ = 67.761��� + 14.230��� = 81.991	���. &�
�� = &��
�	����� + 	&�����	����� &��
�	����� = 	 ���
�	���
 ∗ 	!	
��	��	��
�	����
�� &��
�	����� = 	67.761��� ∗ 	24	
 = 1626.264		
 ∗ ���	 &�����	����� = 	 ������	���
 ∗ 	(!��
�	����
�� + !	
��	��	�����	����
��) &�����	����� = 14.230	��� ∗ �48	
 + 8	
� = 	796.869		
 ∗ ��� &�
�� = 1626.264	
 ∗ ��� + 	796.869	
 ∗ ��� = 2423.133		
 ∗ ��� !������
��	����� =
&�
������
�	���	������

=
2423.133	
 ∗ ���

81.991��� = 29.554		
 

) =
&� 											� = ����	�
	(�!����	��	1"	square	tubing	x	1/8"	wall 

σ	:	2423.133		
 ∗ ���
0.11393	
�

= 21268.609	��	 
������	!��	�
	������ = 	 ���"	���
��	�����!	)  

������	���	�
	������ = 	 45500	��	
21268.609	��	 = 2.14 �
�;	���!�	;���	��
�����!	���	�������	��	�ℎ�	�����;	
� � = 2� = 2 ∗ 64 = 402.12	
 

402.12	

12	
�� = 33.51ft 

33.51ft

2�half	circle� = 16.755ft 

16.755ft

5sections
= 3.351ft	 

A"#$%	&$'()	*+,&-	+$ = 3.351ft ∗ 1ft = 3.351ft� 

W*#$%

.+�
= 12.5lbs 

M+$+/(	.$0	%,#) = 2423.13inlbs 

d1/2 =
w

2
=

38

2
= 19in 

F =
M

d
=

2423.13inlbs

19in
= 127.533lbs 

V+$	32&33)	)3*,4# =
F

W*#$%

.+�

=
127.533lbs

12.5lbs
ft�

= 10.203ft� 

depth	of	snow =
V

A
=

10.203ft�

3.351ft�
= 3.044ft 

thats	with	a	DF	of	2 
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Motor Force Calculations $���	������ = 17.5	��� !������	�
�� = 34		
	 <���	������ = 	$���	������ ∗ 	!������	�
�� <���	������ = 17.5��� ∗ 34	
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 ∗ ��� = 892.5		
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=
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Chain Design Calculations 
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 ∗ ��� ∗ 6 "&
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� =
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2
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4�

D = 48.72	�	��ℎ�� 

��
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�	��ℎ
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E� = 180° − 2 sin9� B�� − ��

2� C 
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Shaft Design 

 

∅ =
E� − 180

2
=

184.09° − 180°

2
= 2.045° ��5 = �����∅ = 484.33	��� ∗ cos�2.045°� = 484.022��� ��: = ���	
∅ = 484.33	��� ∗ sin�2.045°� = 17.283��� 
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APPENDIX G – SCHEDULE 
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APPENDIX H – BUDGET 

 

 Component. 

Estimated 

Price $ 

Actual 

Price $ 

Steel (frame) 120 136.54 

Wheel Caulk 25 0 

Wiring  20 0 

Motors 100 59.99 

Push Buttons and Enclosure 25 100 

Material for Cover 40 10 

Misc. (labor and parts) 95 168.94 

Total $425 475.47 
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APPENDIX I – ELECTRICAL DRAWINGS 

Original 
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Modified 
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APPENDIX J – SHOP DRAWINGS 
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