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ABSTRACT 
 
 Many individuals enjoy riding motorcycles, quads, and wave runners but cannot 
transport all these items, easily with one vehicle.  A problem arises when a boat or 
camper must be towed.  The only options are to leave something home or take an 
additional vehicle to tow the motorcycle, quad, or wave runner.  With this pickup 
lifting mechanism individuals will be able to transport their recreational vehicles with 
ease while still having the ability to tow a trailer.  This pickup lifting mechanism is 
unique to the market and currently there are no devices that have the ability to haul 
any combination of two motorcycles, quads, and a jet skis.  This report goes through 
the detailed process of designing, fabricating, and testing the pickup lifting 
mechanism for relational vehicles.  
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INTRODUCTION 
 Many individuals enjoy riding motorcycles, quads, and wave runners but cannot 
transport all these items with one vehicle.  A problem arises when a boat or camper 
needs to be towed along with these items.  The only options are to leave something 
home or take an additional vehicle to tow the motorcycle, quad, or wave runner.  
This report goes through the detailed process of designing a pickup lifting 
mechanism that will allow individuals to tow any combination of two wave runners, 
motorcycles, or quads.  Also, existing products are compared and contrasted to the 
final design of this mechanism to show this is an original design that is not currently 
on the market.   

 

EXISTING PRODUCTS 
 
 Jet Trax PWC Lifts (1) 
 
 The Jet Trax Personal Watercraft Lift offers a unique way to transport your 
Personal Watercraft in the back of your short or long bed pickup truck. The design 
allows for loading of 2 Personal Watercrafts (PWC) while still allowing a trailer to be 
towed.  As shown in figure 1 the two watercrafts sit above the bed rails and sit in a 
cradle similar to a standard trailer.  This design works great if you are hauling only 
two wave runners at all times.  This device does not allow for the transportation of a 
quad or a motorcycle without additional parts to be installed 
 

 
Figure 1 Jettrax PWC Lift  
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Rampage Power Lifts (2) 
 
 The Rampage Power Lift Ramp easily and safely loads and unloads your 
motorcycle. From the ground to the back of your vehicle, one person can safely load 
and unload their bike while never getting on the motorcycle by pushing a button on a 
remote control switch. The Rampage Power Lift Ramp allows for storage and still 
allows you to pull a boat or trailer.  This lifting system is similar to the Jettrax PWC 
system but only works for motorcycles.  Figure 2 shows the bike sitting inside the 
bed which only allows for one motorcycle to be hauled with this system.   
 

 
Figure 2 Rampage Power Lift 
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Load All V3 Ramp System (3) 
 
 The Load All V3 Ramp System allows for loading of motorcycles, ATVs, garden 
tractors. This truck motorcycle ramp has six rollers inside its platform, allowing the 
ramp to slide out easily without binding or removing the tailgate. Unlike conventional 
ramps, the weight of your motorcycle or ATV rests on the platform, not the tailgate. 
The Load All ramp system features a long-lasting machined traction surface and 
lightweight aluminum construction that won't rust.  As seen in figure 3 two 
motorcycles can easily fit in the back of a standard pickup bed.  This ramp system 
does not allow for the transportation of a PWC and a motorcycle combination.  Also, 
this ramp system does not have a power loading option requiring individuals to drive 
their motorcycles or quads up the steep ramp.   
 

 
Figure 3 Load All V3 Ramp 
 
 
 
 After researching existing products on the market it has become clear that there 
is not a device that will allow for a motorcycle, quad, and wave runner to be hauled 
in the back of a pickup bed.  There are many devices that will allow for the loading of 
quads and motorcycles but are not compatible with wave runners.  This research will 
aid in the design process of the pickup lifting mechanism and will be useful to 
incorporate similar ideas into the final product. (See appendix D for full list of 
customer features) 
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SURVEY  
 
 The purpose of the customer survey is to gain insight of the customer needs and 
satisfaction with the future product to be made.  The surveys were completed by 
individuals who currently own a wave runner, quad, or a motorcycle The first half of 
the survey focused on customer importance as they were asked to rate the 
importance of features on a scale from 1-5 with 5 being the most important. The 
Second part of the survey focused on the customer satisfaction. (See Appendix B for 
full survey and customer results).   
 
 The QFD was a tool that used the survey results to dive the design. This table 
calculates the relative weight of the customer features by a measure of the 
customer’s feedback. The designer multiplier was used to impact the importance of 
the final design.  In this example, the designer felt that the durability of this product 
scored lower than expected and thus was increased by 10%. The improvement ratio 
is a measure of how this product will improve upon loading and unloading of the 
devices    (See Appendix C for the full QFD) 
 
 .   

 
Table 1 Quality Function Device (QFD) 
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PRODUCT OBJECTIVES 
  
 The product objectives come straight from the list of customer features which 
were determined from the survey. The list below ranks the features in order of 
customer importance followed in parentheses by the average response in the 
customer survey. Below each feature is the engineering characteristic followed by 
the method or objective that will be used for the prototype design. 
 

1. Operated by One person (13.2%) 
a. Each device (quad, jet ski, and/or motorcycle) will be able to be loaded 

by one adult 
 

2. Safe When Towing (12.4 %) 
a. Fastened to the bed of pickup with standard fasteners 
b. Tie down anchors for objects being hauled 

i. Comply with commercial standards 
ii. Meet design factor for loading conditions 

 
3. Easily Installed (12.2%) 

a. Standard mounting hardware 
b. Use of electric winch to lift device into pickup truck (power loading) 
c. No more than 5 steps 
d. Less than 10 minute install time 
e. No more than 2 standard tools 
f. 300-450 lbs. 

 
4. Easy to maneuver (10.1%) 

a. Wheels will be added in order to roll device around once out of truck 
b. A hitch mount will be available in order to tow with a quad or tractor 

 
5. Affordable (9.7%) 

a. Less than $1500 (prototype cost) 
 

6. Reliable (9.6%) 
a. Reliability of the attachment measured by component life and proper 

design criteria specified in the following spec sheets 
i. Wheels spec sheet 
ii. Winch spec sheet 

 
7. Easy to operate (9.4%) 

a. Lifting will be operated by a push of a button to activate a winch 
b. Ball bearing rollers will be included for ease of sliding 
c. Pins with springs will be pulled in order to switch the mechanism for 

different types of objects being towed 
d. No longer than 5 minute load time 
e. No tools 
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f. No more than 3 steps 
 

8. Durable (8.7%) 
a. Design factor consistent with loading conditions in expected use 
b. Rust-resistant material selection 

 
9. No permanent Modifications (8.0%) 

a. Pickup truck will not have modifications that cannot be reversed 
b. Mounting brackets can be removed when not using system 

 
10. Easy to Store (7.5%) 

a. Collapsible  
i. Device will fold together when not being used 

b. Objects can remain on device for storage purposes 
c. 7-8’x3’ footprint 
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CONCEPT DESIGNS 
 
Concept Design 1- Electric Winch 
Features:  

o 12v electric winch to power load/unload items 
o Durable frame design 
o Choice between dual loading/unloading and single loading unloading 

� Ex. Launching a jet ski and hauling a motorcycle 
o Simple design 

Concept 2 Hydraulic cylinder 
Features: 

o Hydraulic cylinder for loading/unloading 
o Single platform unit that would connect to the cylinder by a pivoting 

arm 
o Platform sits low to the ground for easy loading  
o Doubles as a yard trailer when not in pickup 

This design scored the lowest in the analysis due to its complex design.  The 
use of a hydraulic cylinder is more applicable to a permanent system that would stay 
in the pickup truck.  This device would not be easy to maintain compared to the 
other two concepts.  The single platform would not allow for separate 
loading/unloading.   

 
Concept 3 Hand crank. 
  This product would be similar to concept 1(electric winch), but would be have a 
hand operated wheel to load/unload the devices.  This scored better than the 
hydraulic application due its simple design.  Although this concept has a simple 
design with no motors or hydraulic cylinders, it did not beat the power loading option 
of concept 1.   
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Weighted Ratings Method 
  
 Below is an analysis of three concepts for the pickup lifting mechanism.  The 
main function of this design is to load and unload recreational vehicles.  Each 
concept design incorporates a different power function that will drive the design.  
The method used to evaluate these concepts is known as the weighted ratings 
method. The steps to complete this task are:   
1) List evaluation criteria 
2) Determine importance weights  
3) List alternatives  
4) Rate each alternative on each criterion 
5) Compute the weighted rating for each criterion 
6) Sum the ratings to produce the Overall Weighted Rating 
 
The design with the highest rating is the best concept that will meet the customer’s  
Needs.  From this analysis the design with the 12v electric winch is the best concept. 

 
Table 2 Weighted ratings method 
 
The design with the highest rating is the best concept that will meet the customer’s needs 
From this analysis the design with the 12v electric winch is the best concept. 
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DESIGN 
 
Frame Design 
 Below is the design of the frame that will mount inside the pickup truck.  This 
frame will be lifted into the truck by the electric winch and secured with standard 
fasteners.  After analysis of some common wave runners and quads it was 
determined that the largest item to be hauled would require a 4’ width.  In order to 
achieve this width the items would have to hang over the bed side, but still maintain 
a safe towing environment.  This was accomplished by extending the frame over the 
bed rails and mounting the slide rails on the far edge of the pickup bed. 
 

 
Figure 4, Base Frame Inside Pickup Bed 
 

Figure 5 is the 3D design of the fame that will mount inside the pickup truck. 
Mounting brackets will be attached to the fame and secured to the bed rails for extra 
support.  This will allow for the weight to be distributed along the bed rails and 
reduce the need for extra material.  Also, this will help decrease then total weight of 
the lifting device. 

 

 
Figure 5, 3D View of Base Frame 

 
 
 
  

Base Frame 

Pickup Bed 
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Below is a 3D view of the sliding frame that will mount to the stationary frame 
inside the pickup.  This will be secured by multiple pins that will not allow the frame 
to slide when in the towing position.  This frame will be made of c channel steel that 
will be held together by shoulder bolts.  The shoulder bolts will allow the two pieces 
of steel to be bolted together while still allow the necessary spacing for the sliding 
wheel mount. The sliding wheel mount will be used when towing a motorcycle.  The 
wheel mount will slide down the frame and the front tire of the motorcycle will be 
secured to the tie downs on the wheel mount. The electric winch will pull the 
motorcycle up the frame and then secured inside the pickup.   
 

 
Figure 6, Sliding Frame Closed 
 

In order to haul the four- wheeler the mounting platform would have to be 
extended to compensate for the wider wheel base. The mounting frame will be able 
to be opened up to create ramps for the quad to sit on.   
 

 
Figure 7 Sliding Frame Open 
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Figure 8 and 9 are the 3D models of the motorcycle front tire cradle. This cradle will 
slide down the frame and secure the front tire of the motorcycle.  Two straps will be 
secured to the forks of the motorcycle and tightened to the cradle.  The winch will 
pull the cradle up the frame and then the bike will be secured with straps on the 
back. 

 
Figure 8 Tire Cradle on Sliding Frame 

  
Figure 9, Tire Cradle Frame 
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Below is a sketch of the wave runner mounting bracket. This bracket will have a 
running board secured to it that the Jet Ski will sit on. There are four different 
mounting holes to change the spacing of the “v” cradle the Jet Ski will sit in.   
 

 
Figure 10, Jet Ski Mounting Bracket 
 
Figure 11 is an image of the winch cradle that the electric winch will sit in.  This will 
allow for easy installation of the electric winch.  The cradle will be inserted into a 
standard hitch receiver and be secured with a hitch pin.  Similar designs for sale on 
the market advertise a 13,000 lb rating which will be sufficient for this system.   
 

 
Figure 11, Winch Cradle 
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Below is a 3D view of the entire system.  The Jet Ski mounts will have to be 
removed for loading of a quad and a motorcycle.  This option could not be eliminated 
due to clearance issues and the functionality of the sliding frame.  When the frame 
deck is open the Jet Ski mounts sit below the base frame which will not allow the 
sling frame to slide down the track.  These running boards will be able to be easily 
removed and placed under the frame when not in use.   
 

 
Figure 12, 3D View of the Pickup Lifting Mechanism 
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ANALYSIS 
 
 Below is an analysis of the frame that will sit inside the pickup truck. This frame 
was analyzed with 2x2x.125 standard carbon steel tubing.  A 5000 lb force was 
applied to the top of this frame to simulate two of the heaviest objects being loaded.  
This frame has a minimum safety factor of 4.39. This safety factor will be sufficient 
for the loading and transportation of any combination of wave runners, motorcycles, 
or quads.   

 
Figure 13, Frame Analysis 

 
This is an analysis of the loading on the front part of the base frame.  This 

frame will be constructed out of 2x2x.125 wall steel tubing.  This simulates when two 
of the heaviest objects are loaded onto the system before the tracks lower into the 
horizontal position.     This simulation calculates the lowest factor of safety (FOS) in 
the design.  With this design the lowest factor of safety is found to be 2.83. This 
frame will need to be reinforced to meet the proper loading conditions.   

 
Figure 14, Front Frame Analysis 
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Winch Cable Route 
 
 Below is a picture of the winch cable route that will lift each device up the 
system.  The winch sits in the back of the base frame and is routed around a pulley 
for smooth transition around the base frame.   
 

 
Figure 15, Winch Cable Route 
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ASSEMBLY/ FABRICATION 
Below are some pictures of the fabrication phase.  All the fabrication was completed 
in a personal garage with a welder, saw, grinder, and some basic hand tools.  The 
assembly and fabrication took a little over 6 weeks to complete.   
 
 Base Frame Fabrication 

    
Figure 16. Base Frame Fabrication 

 
Figure 17, Base Frame 
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Sliding Frame  
 Below is a picture of one sliding frame being constructed. 
 

 
Figure 18, Sliding Frame 

 
Figure 19, Sliding Frame Tracks 
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Fitting Lift In Pickup Bed 
Below are pictures of the lifting mechanism being fitted into the pickup truck bed.    

 
Figure 20, Sliding Frame in Load Position 

 
Figure 21, Both Sliding Frames in Load Position 
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TESTING 
 Below are various pictures of different devices being loaded onto the lifting 
mechanism.  As the pictures show each item is able to be loaded by one individual 
with the use of the electric winch.   

 

 
Figure 22, Loading a Jet Ski 

 
Figure 23, Quad Loaded 
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Ability to Tow a Trailer 
 One of the biggest objectives of this project was the ability to tow a trailer with 
ease.  This lifting mechanism will allow for more items to be hauled with one vehicle 
and will save individuals money as a result.  Below are some pictures taken recently 
after the completion of this device to haul quads on a four wheeling trip. 
 

 
Figure 24, Towing Trailer Down the Highway 1 
 

 
Figure 25, Towing a Trailer Down the Highway 2 
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Figure 26, Loaded With Two Quads 
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SCHEDULE 
 
Below is a schedule of tasks for 2012 and 2013. (See appendix E for full Schedule) 
 

 
Table 3 Schedule 
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BUDGET 
 
 Below is a list of material that will be required to make this lifting mechanism.   
(See Appendix F for full budget)  
 
 

  
Estimated 
Price $ 

Actual Price 
$ 

Steel (frame and mounting 
brackets) 750 370 
Battery /Wiring  150 0 
Fabricated Parts 500 450 
Mounting hardware, 
Pulleys, Wheels and Rollers 300 450 
Misc. (labor and parts) 300 125 
Total  1500 1395 
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Jet Trax PWC Lifts  
 
The Jet Trax Personal Watercraft Lift offers a unique way 
to transport your Personal Watercraft in the back of your 
short or long bed pickup truck. Its design allows you to load 
2 Personal Watercrafts  
 

 
 

Replacement Parts  

Part No.  Description  Price  
TCWS  Trickle Charge Wire 

System  
$30.00  

DBL-WK  Wheel Kit for a double 
Jet Trax  $225.00  

ATVB-S  Single ATV Deck  $1180.00  
ATVB-D  Double ATV Deck  $1825.00  
WCB-S  Single Watercraft Bunk  $350.00  
WCB-D  Double Watercraft Bunk  $700.00  
STWDLY  PWC Storage Dolly  $295.00  
WNCHSTRP  Winch Strap  $25.00  
BUNKS  Replacement Watercraft 

Bunks  
$30.00  

WRN-WNCH-K  2500 LB WARN Winch, 
Remote Control and 
Solenoid Pack 

$425.00  

WRN-SWCH WARN Winch Remote 
Control Switch  

$40.00 

WRN-SOLENOIDC WARN Winch Remote 
Control Solenoid Pack 
(Includes box)  

$130.00 

• This device is only 
for Personal 
Watercrafts (PWC) 
and does not allow 
for other items to be 
transported without 
purchasing 
additional 
attachments. 

 
• This product does 

not allow a 
motorcycle to be 
transported 

 
• My device will allow 

for any combination 
of PWC, quad, or 
motorcycle to be 
hauled without 
having to purchase 
a different 
attachment.  

 
• $ 2250 USD Single 

 
 

• $ 3250 USD Double 
 
 
 

http://www.jettrax.com/PWC-Lifts.htm 9/10/12 
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Rampage Power Lifts  
 
The Rampage Power Lift Ramp easily and safely loads 
and unloads your motorcycle. From the ground to the back 
of your vehicle, one person can safely load and unload 
their bike while never getting on the motorcycle by 
pushing a button on a remote control switch. The 
Rampage Power Lift Ramp allows for storage and still 
allows you to pull a boat or trailer 
 

 
 
 
 

• This device is just for 
motorcycles and does not 
allow for PWC or a quad 
to be transported 

 
• Can only haul one 

motorcycle with this lifting 
mechanism 

 
• $ 2445-2995 USD 

 
  

http://jettrax.com/motorcycle-lifts. 9/10/12 
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Load All V3 Ramp System 
 
Conveniently load up motorcycles, ATVs, garden tractors 
and more with the Load All V3 self-storing ramp system. 
This truck motorcycle ramp has six rollers inside its 
platform, allowing the ramp to slide out easily without 
binding or removing the tailgate. Unlike conventional 
ramps, the weight of your motorcycle or ATV rests on the 
platform, not the tailgate. The Load All ramp system 
features a long-lasting machined traction surface and 
lightweight aluminum construction that won't rust 
 
 

 
 

 

• Includes platform extension and ramp extension 
OR ramp width extension 

• Self-storing ramp fits in truck bed so tailgate can 
still be closed 

• 1300 lb. distributed weight capacity 
• Weight rests on truck bed, not the tailgate 
• Easy to use one person loading 
• Height is only 6" so you can use your bed w/o 

removing the ramp 
• Stainless Steel hardware w/ multiple rollers on 

ramp for no chance of binding 
• Sturdy 6061-T6 Aluminum construction with extra 

supports 
• Non-slip traction surface platform for loading 

 

• This model is a good 
design for hauling 
motorcycles but again 
will not work with a 
PWC. 

 
• The tailgate must stay 

down on this device 
which would lead to 
problems when 
towing a trailer in tight 
turns 
 

 
• Two larger 

motorcycles would not 
fit inside the bed rails 
of a standard pickup  

 
 
 

• $2199-$2499 USD 
 

http://www.loadallmotorcycleramps.com 
9/10/12 
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HYDRAULIC TRUCK RECEIVER HITCH CRANE 
 
500 lb. Capacity Pickup Truck Swivel Receiver Hitch 
Crane Hoist. Save your back from heavy lifting into 
your pick-up truck with a truck hitch mounted crane! 
The crane features a swiveling base for a 360° 
motion that allows you to use it anywhere in your 
Powered by a 3 ton hydraulic ram! Easily remove lift 
from hitch without any tools. 

 
 

Offsets to clear tailgate and can be used on either 
side.  

Powered by a 3 ton hydraulic long ram Jack 

Heavy duty steel construction 

Includes a heavy duty chain & hook 

Swiveling boom rotates 360°for easy loading.  

Boom extends from 39 1/2'' to 54'' is ideal for loading 
and unloading trucks.  

Load can be lowered by simply turning the handle. 

Fits any 2in. receiver hitch on pickup trucks. 

 

• This product only has a 
500lb lifting capacity 

 
• The mechanism would 

have to be removed in 
order to tow a trailer 
 

 
• The trailer would have to 

be detached in order to 
put the jet ski in the 
water 

 
• Could not load a quad 

with this device 
 
 

http://www.ebay.com/itm/500-LB-PICKUP-
TRUCK-HYDRAULIC-PWC-DOCK-JIB-
ENGINE-HOIST-CRANE-HITCH-MOUNT-
LIFT-/400298400589 9/10/12 
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Interview with Salesman Todd Piercey from Rampage Power Lifts 9/12/12 
 
He has 20+ years in the sales industry and has been selling these types of 
motorcycle lifts for 5 years 
 
Felt that my project was a good idea to combine all three aspects of this lift to 
appeal to a greater audience. Important features to include: good tie down 
mounting location for towing, easily maneuverable, affordable.  
 
He did not know of a design that combines all three aspects of my design 

Interview with Project Engineer Jerry Munstock from Jettrax Lifting Systems 19761 
Bahama St. , Northridge, CA 91324  9/13/12 
 
He has 25+ years in the engineering industry with a degree in Mechanical 
Engineering. He has been working for the Jet Trax Company for over 10 years.  
 
Jerry Stated that the current double PWC lift can be modified with the purchase of 
another deck to be similar to this project design. 
Thinks that this is a good idea but would be too costly to sell a lot of these units 
Features: ease of use, affordable, easy to install 
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APPENDIX B- CUSTOMER SURVEY 
PICKUP LIFTING MECHANISM SURVEY 

The Purpose of this survey is to gain feedback on the features of this pickup lifting 
device. This device will allow individuals to load jet skis, quads, and motorcycles into 
the bed of a pickup truck while still being able to tow a trailer.   
 
How important is each feature to you for the design  of this Pickup lifting 
Mechanism?  
Please circle the appropriate answer.     1 = low i mportance         5 = high 
importance 
                  Average 

 Easy to operate 1(0) 2(0) 3 (5) 4 (10) 5 (15) N/A (0) 4.17 
 Durable 1 (0) 2(0) 3(4) 4 (11) 5 (14) N/A (0) 4.20 
 Easy to maneuver 1 (0) 2 (0) 3(6) 4 (13) 5 (11) N/A (0) 4.17 
 Safe When Towing 1 (0) 2(0) 3 (5) 4 (13) 5 (12) N/A (0) 4.10 
 Easy to Store 1 (2) 2 (3) 3 (6) 4 (10) 5 (9) N/A (0) 3.70
 Reliable 1 (0) 2 (0) 3 (1) 4 (14) 5 (15) N/A (0) 4.47 
 No permanent  
 Modifications 1 (0) 2 (0) 3 (8) 4(12) 5 (10) N/A (0) 3.87 
 Affordable 1 (0) 2 (0) 3 (10) 4 (13) 5 (8) N/A (0) 4.07 
 Operated by One  
 Person 1 (0) 2 (0) 3 (6) 4 (12) 5 (12) N/A (0) 4.13 
 Easily installed 1 (0) 2 (1) 3 (5) 4 (13) 5 (11) N/A (0) 4.13 
 
How satisfied are you with your current method of t ransporting jet skis, 
quads, and/ or motorcycles?  
Please circle the appropriate answer.      1 = very  Unsatisfied          5 = very 
satisfied 
                 Average 

 Easy to operate 1(0) 2 (5) 3 (15) 4 (10) 5 (0) N/A  3.17 
 Durable 1(0) 2 (0) 3 (10) 4 (15) 5 (5) N/A  3.83 
 Easy to maneuver 1(0) 2 (9) 3 (13) 4 (8) 5 (0) N/A 2.97 
 Safety 1(0) 2(5) 3 (13) 4 10) 5 (0) N/A (2)
 2.97 
 Easy to Store 1(0) 2 (15) 3 (10) 4 (5) 5 (0) N/A 2.67 
 Reliable 1(0) 2 (5) 3 (10) 4 (15) 5 (0) N/A 3.33 
 No permanent  
 Modifications 1(0) 2 (3) 3 (10) 4 (17) 5 (0) N/A 3.47 
 Affordable 1(0) 2 (8) 3 (15) 4 (6) 5 (1) N/A 3.00 
 Operated by One  
 Person 1(0) 2 (12) 3(12) 4 (6) 5 (0) N/A 2.80 
 Easily installed 1(0) 2 (3) 3 (15) 4 (10) 5 (0) N/A (2)
 3.03 
How much would you be willing to spend on this prod uct? (Please circle one) 
                                    Average 
$500-$1,000         $1,000-$1,500         $2,000-$2500         $3,000-$3,500     $2150 
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APPENDIX C - QUALITY FUNCTION DEVICE 
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APPENDIX D –PRODUCT OBJECTIVES 
 

1Operated by One person (13.1%) 
d. Each device (quad, jet ski, and/or motorcycle) will be able to be loaded 

by one adult 
 

2Safe When Towing (12.3 %) 
e. Fastened to the bed of pickup with standard fasteners 
f. Tie down anchors for objects being hauled 

i. Comply with commercial standards 
ii. Meet design factor for loading conditions 

 
3Easily Installed (12.1%) 

g. Standard mounting hardware 
h. Use of electric winch to lift device into pickup truck (power loading) 
i. No more than 5 steps 
j. Less than 10 minute install time 
k. No more than 2 standard tools 
l. 300-450 lbs. 

 
4 Easy to maneuver (10.0%) 

m. Wheels will be added in order to roll device around once out of truck 
n. A hitch mount will be available in order to tow with a quad or tractor 

 
5Affordable (9.7%) 

o. Less than $1500 (prototype cost) 
 

6Reliable (9.6%) 
p. Reliability of the attachment measured by component life and proper 

design criteria specified in the following spec sheets 
i. Wheels spec sheet 
ii. Winch spec sheet 

 
7Easy to operate (9.4%) 

q. Lifting will be operated by a push of a button to activate a winch 
r. Ball bearing rollers will be included for ease of sliding 
s. Pins with springs will be pulled in order to switch the mechanism for 

different types of objects being towed 
t. No longer than 5 minute load time 
u. No tools 
v. No more than 3 steps 

 
8Durable (8.6%) 

w. Design factor consistent with loading conditions in expected use 
x. Rust-resistant material selection 
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9No permanent Modifications (7.9%) 
y. Pickup truck will not have modifications that cannot be reversed 
z. Mounting brackets can be removed when not using system 

 
10Easy to Store (7.4%) 

aa. Collapsible  
i. Device will fold together when not being used 

bb. Objects can remain on device for storage purposes 
cc. 7-8’x3’ footprint 
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APPENDIX E - SCHEDULE 
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APPENDIX E - SCHEDULE 
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APPENDIX F – BILL OF MATERIALS 
 

Bill of Materials 
Item Name qty  Price 

Metal Stock   
2x2x.120 tubing 80'  235 
2x1.5x.120 rectangular tubing 32'  donated 
3x3x.1875'' angle 3' donated  
3x.25 flat stock 3' donated  
3.5X.125'' 18' donated  
2.5x2.5x.25'' square tubing 1' donated  

  
Fabricated Parts qty  Price 

jet ski mount 8  80 
winch cradle 1 64.99 
frame deck 4  donated 
 2 150  

  
Purchased Parts qty  Price 

winch  1 
Already Had 0 ($479 

Retail) 
pulleys 3_5  25 
cable 10'  0 
fasteners    125 
wheels 8  75 
pins 3_6 60  
2x4 lumber 24' 16  
front tire cradle 2 150 
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APPENDIX G- SHOP DRAWINGS 
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