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ABSTRACT 
  
 Individuals who own a pickup truck or van often experience difficulties when loading 
and unloading heavy objects in and out of the back of the vehicle.  Most of the existing 
lifting products available are the in-bed type, in which the lift is directly mounted to the 
frame of the truck bed.  These lifts are not mobile and are only capable of lifting objects 
which are close to the vehicle.  The other lifts that exist are mobile and are on wheels, but 
are designed to only be used on hard, flat surfaces such as concrete.  Wheelbarrows are often 
used to transport loads from one location to the next, but cannot raise or lower objects.  
People who work outdoors, such as those working in construction or landscaping, would 
benefit from having a mobile lift cart which can be used on pavement, as well as on grass or 
dirt.  The user will be able to push the load onto the EasyLift, which can then be transported 
to the desired location.  The load can be raised and lowered through the use of a mechanical 
hand crank. 
 The first step of the project was to research all of the currently existing products and 
patents to be sure to not infringe on any patent rights.  It was also important to look at 
existing products in order to come up with new design concepts and ideas.  Following the 
research, a list of customer features was generated and placed into an organized survey.  
This survey allowed ten customers to rate the importance of each feature involved in the 
design of a new lift cart.  The surveys were then scored, and placed into a quality function 
deployment matrix relating engineering characteristics to customer features.  A weighted 
decision matrix was performed, which helped to make important design decisions.  The 
basic layout of the EasyLift was drawn up, and loading calculations were performed.  The 
final assembly with dimensions was drawn using AutoCad 2006.  Materials were ordered, 
and fabrication of the EasyLift was done in the OCAS machine shop.  Testing then began, 
and modifications were performed where necessary.   
 The following report is a comprehensive package including the research, design, 
fabrication, and testing of the EasyLift, a four-wheeled, multi-purpose lift cart.            
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INTRODUCTION 
 
 People who own pickup trucks or vans know what a struggle it is when loading or 
unloading heavy objects into and out of the back of the vehicle.  The factor which creates 
this problem is simply the distance from the ground to the necessary height in which the 
load must be lifted or unloaded.  Often times, it requires multiple people to lift a large load, 
which could be dangerous.  Ramps are sometimes used to transfer objects from ground 
height to truck bed height, but once again the safety of the person moving the load is in 
jeopardy.   
 A good example of this danger is a person who is trying to load large diameter sections 
of tree trunks into the back of a truck.  Large sections of tree trunk can be quite heavy, and 
injury could occur if a proper lifting device is not used.  Another example is a landscaper 
who is unloading mulch from the bed of a truck.  Often times a wheel barrow is used, and 
the landscaper has to strain to unload the mulch because the wheel barrow is much lower 
than the truck bed.  This difference in height creates extra work, which causes fatigue.   
 Two main types of lifts can be used to load a pickup truck: mobile and non mobile.  The 
mobile loaders are on wheels and are designed free to move the load from point A to point 
B, whereas the non-mobile loaders are designed to be mounted to the bed of a truck.  The 
problem with mobile truck lifts is they are designed to be used on flat, hard surfaces such as 
concrete.  This prevents someone from being able to use the lift for applications in grass or 
dirt.  The only existing wheeled device which is designed to transfer loads over rough 
surfaces is a wheelbarrow.  The problem with the wheelbarrow is the fact that the load 
remains at one height and some other method must be used to transfer the load into the back 
of a truck.  A portable wheeled cart that is capable of raising and lowering a given load, as 
well as moving heavy and/or bulky objects on and off pavement, would be a suitable 
solution to this problem. 
  
CURRENT PRODUCTS AVAILABLE 
 
 Research was conducted and several existing products were found which could be used 
for loading or unloading a truck, but all have their own problems and/or limitations.  The 
research in its entirety can be found in Appendix A.  The following are descriptions of the 
existing configurations of truck loaders available on the market. 

 
 
Figure 1 shows a manual winch-type lift with a swivel base to 
allow rotation.  This type of lift is fixed to the frame of the 
truck, and is limited to certain loads.  Because the lift is fixed to 
the side of the truck, the load would have to be positioned 
directly adjacent to the lift of the truck in order for lift to occur.  
Large loads may possibly come into contact with the side of the 
truck causing damage.  Another downfall is that the cable 
would have to be strapped or tied to the load.   
 
 

Figure 1- Bed-Mounted Swivel Lift 
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Figure 2 shows a bed-mounted electric-winch 
truck loader.  This configuration must be 
installed using a mounting kit and installation 
can be tricky.  This type is large and balky, 
and can only be used in certain truck beds.  
This device is good for large loads, but once 
again the load must be tied off which takes 
extra time.  Cost is definitely a factor with 
this configuration as well.  

    Figure 2- Bed-Mounted Electric Lift 
 
 
 
 
 
 
 
A multi-purpose material lift, which is operated 
using a hydraulic foot pedal, is shown in Figure 3.  It 
also has a hand-mounted pressure release.  The back 
wheels are on swivel casters for maneuverability.  
According to the manufacturer, this lift can be used 
to load trucks, but would not be ideal for use in grass 
or dirt, because the wheels would sink into the 
ground.   

 
         Figure 3- Mobile Hydraulic Lift 
                               
 
 
 
 
 
A lift including a manual winch with an auto 
brake is displayed in Figure 4.  With these 
types of lifts the user rotates the hand crank to 
create a vertical lift.  The rear wheels of the 
lift are on swivel casters for maneuverability.  
This lift is designed mainly for indoor use due 
to the small wheels and would not be ideal for 
use in grass or dirt.  Also the loading platform 
is rather small (2 ft x 2 ft). 
 
 
 
                                                                                        Figure 4- Mobile Manual Winch Lift 

javascript:popUp('/cart/iso.cfm?detail=extralarge&sku=WES080&img=master',650,600,1)�
javascript:popUp('/cart/iso.cfm?detail=extralarge&sku=WES080&img=master',650,600,1)�


Outdoor Lift Cart   Brian Denterlein 

3 

                                                                                                                                  
 
 
 
In this configuration, shown in Figure 5, the manual 
hydraulic foot pump controls the platform to lift, lower 
and tilt the load.  A manual selector valve is used to 
control the lift/lower sequence independently from the 
tilt sequence.  The back wheels are on swivel castors 
for maneuverability.  Once again, due to the size of the 
wheels (4 inch diameter) this lift would be limited to 
hard surfaces and would not be ideal for use in grass or 
dirt.  
  

 
    Figure 5- Mobile Tilt-Platform Lift 
  
 
 After the research on the existing products was performed, it was necessary to examine 
the variation from product to product.  The following Table 1 relates the initial cost to 
loading capacity. 
 

 
 
Table 1 - Variation in Existing Products 
 
 
SURVEY AND QFD RESULTS 
  
 Before the design phase could begin, a list of customer features was generated and 
placed in an organized survey (See Appendix B).  Seven different customers who owned 
lifters/loaders for their pickup trucks were then contacted by phone.  Five of the customers 
that were contacted were working in construction, and the two others were in the 
landscaping business.  In the survey, the customers were asked to rate the level of 
importance (1 being low and 5 being high) of each of the features that were listed in the 
survey.  The customers were then asked to rate their satisfaction with the existing truck 
loading devices they owned.  According to their responses, the following features are needed 
in a new lift, which are ranked from most important to least important as follows. 
 
 

1. Strong frame designed to support the load (4.6) 
2. Safety (4.6) 
3. Able to carry different types of loads (4.4) 
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4. Stable unit (4.2) 
5. Stop device to prevent runaway on slopes (4.1) 
6. Lift should hold load at any height (4.1) 
7. Ease of maneuvering  (4.0) 
8. Low cost (3.8) 
9. Storage ability (3.6) 
10. Corrosion resistant (3.5) 
11. Ease of loading and unloading (3.4) 
12. Attractive appearance (2.2) 
 

 The next list shows how satisfied the customers are with their current lifting devices.  
These were obtained from the results of the survey, and are listed from most unsatisfied to 
most satisfied: 
 

1. Attractive appearance (2.8) 
2. Low cost (2.9) 
3. Ease of maneuvering (3.0) 
4. Corrosion resistant (3.0) 
5. Ease of loading and unloading (3.1) 
6. Stable unit (3.3) 
7. Stop device to prevent runaway on slopes (3.6) 
8. Safety (3.6) 
9. Able to carry different types of loads (3.7) 
10. Has the ability to hold load at any height (4.0) 
11. Strong frame designed to support the load (4.0) 
12. Storage ability (4.2) 

 
 According to the survey, the three most important features in the construction of a new 
lift cart were the need to have a strong frame, must be a safe unit, and must have the ability 
to carry a variety of loads.  The customers are most unsatisfied with the looks of their 
current unit, the cost, and the ease of maneuvering.  Refer to Appendix B for more details. 
 In examining the QFD matrix, the engineering characteristic showing the highest level 
of importance in the design was the lifting mechanism.  Including a properly designed lifting 
mechanism in the prototype is essential in maintaining several of the important customer 
requirements.  The next most important engineering characteristic appears to be the 
construction of a strong frame.  The strong frame characteristic directly correlated with 
safety, stability, and load support.  The third most important engineering characteristic is the 
fact that a stop device should be included in the design.  This is essential to prevent the unit 
from any motion during loading and unloading.  The relative importance (expressed as a 
percentage) of each of the engineering characteristics are listed in order of importance 
below. 
 
 

1. Lifting Mechanism (19.3) 
2. Strong Frame (16.9) 
3. Stop Device Included (14.4) 
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4. Factor of Safety (12.1) 
5. Area of Loading Platform (9.2) 
6. Wheels/Swivel Castors (9.2) 
7. Cost of Materials (6.8) 
8. Outdoor Paint (5.4) 
9. Hand Crank (3.4) 
10. Compact Unit (3.3) 
 

 The averages in the “Planned Lift Cart” column were chosen to be identical to 
“Customer Importance,” because the new design should incorporate all the features 
important to the customer who will be using the lift cart. 
 The numbers listed under the “Sales Points” column were generated using a 1.5, 1.3, 
and 1.0 system and were assigned to each of the customer requirements.  For example a 1.5 
was assigned to a customer need that is useful in selling the product.  A customer need with 
a 1.3 assigned to it can also be used as a selling point, just not as strong as a 1.5.  A 
customer need which has a 1.0 assigned to it would not generally be used as an attribute for 
the sale of the product.  The entire QFD matrix can be viewed in Appendix C. 
 
 
WEIGHTED DECISION MATRIX 
 
 There were three possible ways in which the solution to the problem could be attained.  
The first configuration would be to use a cart with wheels that would implement the use of 
some type of lifting mechanism.  This configuration would be mobile, and unlike the other 
two, would not be fixed to the bed of a pickup truck.  The next configuration is a lift crane 
that could be mounted to the side of the back of the truck bed, and would lift the load using a 
manual winch.  The final solution generated is bed-mounted lift gate, which would be 
permanently installed in the truck.  This device would lift the load using an electric motor 
and a user control box.   
 Each of these concepts were drawn up and conceptualized, and placed into a weighted 
decision matrix (See Appendix D).  The criteria on the left side of the matrix were taken 
from the survey, which are the customer requirements.   The weighting factors, which are 
seen in the adjacent column, were taken directly from the QFD, and represent the relative 
weights of each of these requirements.  For each customer requirement, the units were 
established, and the magnitude for each of the three configurations along with the assigned 
score is shown in the matrix.  The rating is the score multiplied by the relative weight, and 
the ratings are totaled for each of the three configurations.  The totals obtained are as 
follows:  
 
 1.  Mobile (wheeled) Lift Cart- 4.49    
 2.  Bed Mounted Crane- 4.09 
 3.  Bed Mounted Lift Gate- 3.88 
 
 Because the mobile lift cart ended up with the highest rating, it was this arrangement 
that was eventually implemented.  The best solution to the problem at hand was to create a 
mobile lift cart with wheels that would have a lifting device.  The lifting device would be 
fixed to the cart, and would use a drive which would raise and lower a rectangular platform.   
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 After performing some sketches and doing some brainstorming, it was determined that 
there were three different ways in which lifting could occur.  One way in which lifting a 
load could occur would be through the use of a hydraulic foot pump.  Another way lifting 
could occur would be through the use of a winch with a manual hand crank.  The final idea 
which was generated would be to use an electric motor which would drive a winch to lift the 
load.   
 These three drives, which would allow the lifting to occur, were all placed into a second 
decision matrix and can be found in Appendix D below the first matrix.  The criteria in 
which the three drives were evaluated were material cost, durability, reparability, assembly 
time, reliability, and weight.  The matrix was evaluated the same way as the first one and the 
results are as follows: 
 
 1.  Manual Winch with Hand Crank- 4.50 
 2.  Hydraulic Foot Pump- 4.35 
 3.  Electric Motor with Winch- 2.20 
 
 Because the concept involving the hand winch as the lifting mechanism came out with 
the highest total rating, this concept was included in the design of the lift cart. 
  
 
ENGINEERING CHARACTERISTICS 
                 
       For each customer requirement, there is a specific engineering characteristic with 
measurable criteria.  The following is a list of engineering characteristics for the prototype 
lift cart, which was generated to fulfill the customer requirements.  
 

1. Wheels/Swivel Casters- The prototype possesses four 10 inch diameter pneumatic 
wheels.  The two wheels in the front of the cart are able to rotate freely using swivel 
casters.  

 
2. Loading Platform/Conveyor Belt- The loading platform of the prototype is 

designed to have an area of 5 ft^2 to be able to carry large loads.  It has six 2 inch 
diameter rollers supporting a neoprene conveyor belt. 
 

3. Locking Clamps- The conveyor has two vertical locking clamps which hold the 
conveyor belt in place when needed. 

 
4. Rigid Frame- The frame of the prototype is designed to be rigid and balanced when 

moving over rough surfaces such as grass or dirt.  The frame is designed to support a 
maximum capacity of 300 lbs. 

 
5. Corrosion Resistant- The prototype is painted with a water resistant, all-weather 

paint. 
 

6. Hand Crank/Lifting Mechanism- The lifting mechanism of the prototype includes 
a stopping device which locks and suspends the load at any height.  It includes a 5:1 
gear reduction which allows the operator to raise the load by applying a force of 
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under 40 lbs.   
 

7. Stop Device Included- The prototype possesses two wheel brakes located on the 
front swivel casters, which prevent the unit from moving when engaged. 

 
8. Compact Unit- The prototype is less than 6 ft in height and is able to be garaged. 

 
9. Low Cost of Materials- The materials used to assemble the prototype were a total of  

$674.49. 
 

10. Factor of Safety- The prototype is designed with a factor of safety of 2, which is 
included in the stress and deformation calculations. 

 
 
APPLICATIONS 
 
 The multi-purpose lift cart must be designed to be able to lift a wide variety of loads.  A 
list of possible loads was generated through examining specifically what the user would be 
lifting or carrying.  It was necessary to generate a list of possible loads that the lift cart 
would be carrying in order to properly design it.  The following is a categorical list of things 
that could be lifted/transported using the lift cart:       
 
Carpentry/Roofing                                               

• table saw                                                
• roof shingles 
• wood                                                      
• tar paper 
• cabinets  
• tool chest 

 
Landscaping 

• wood/tree trunks 
• generator                                                                                      
• portable gas tank                                     
• aerator                                                     
• lawnmower 
• load of mulch/dirt 

Construction                                     
• framing 
• load of 2 x 4’s 
• load of drywall 
• load of rocks 
• bags of concrete 
• compactor                                            
• sheet metal  
• load of bricks 
• siding 
• plumbing 
• steel 

 
 
 

Misc. loading/unloading 
• furniture 
• stack of tires 
• engine block 
• air conditioner 
• fridge 
• scraps/waste 
• large grill 
• television 
• stack of hey 
• welding machine 
• person   
• cans of paint 
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DESIGN/PART SELECTION 
 
OVERALL SETUP 
 
 The weighted decision matrix determined that using a wheeled lift cart with a 
mechanical hand winch was the best solution to the problem.  From this information, a 
general picture of the setup of the lift cart was drawn.  This sketch can be found in Appendix 
H- Design Alternatives-Basic Layout.  After coming up with a general setup of the lift cart 
and looking at similar lift carts available, it was decided that the lifting platform would be 
confined to ride in two grooved tracks running vertically down the inside of the frame.  It 
also was decided that the lifting platform would have 2 inch diameter rollers mounted to the 
outside of each of the two platform members.  These roller wheels would be confined to the 
grooved tracks in the frame, and would allow the lift platform to remain horizontal while 
being raised or lowered by the user.  The height of the unit would determine the height in 
which the load could be lifted.  
Since most truck beds range from 30 
inches, to 48 inches in height, the grooved 
tracks would allow the lift platform to rise 
to 52 inches.  The tracks would also allow 
the platform to be lowered all the way to 
the ground, so that the load could be 
easily inched onto the platform.  The lift 
cart would have a total of four wheels, and 
two handles to allow the user to transport 
the load from point A to point B.  The cart 
would have a maximum loading capacity 
of 300 lbs, and be designed using a factor 
of safety of 2.  Figure 6 shows a 3-D 
isometric drawing of the lift. 
 

 
                                                                                                                      Figure 6- 3-D Isometric Drawing 
 
 
HAND WINCH AND CABLE SYSTEM 
 
 Since using a manual hand winch came out to be the best way to raise and lower the 
load, it was decided that a winch that included an auto-break feature would be suitable.  This 
type of winch includes a locking mechanism, which makes it slightly more expensive, but 
would allow the load to remain suspended at a particular height after the user releases the 
hand crank.  A steel cable, which is rated at 1600 lbs maximum capacity, was selected to 
support the platform.  This cable would run from the winch vertically up through a guide 
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pulley mounted at the top of the frame, and then would connect down to the lift platform.  
This setup would transfer the turning motion of the hand crank into the up and down motion 
of the lift platform.  The winch was selected from northerntool.com and is capable of 
supporting a maximum load of 800 lbs. 
 
 
METHOD OF LOADING AND UNLOADING 
 
 According to the customer survey, ease of loading and unloading was the fifth most 
important item, when it came to the design of a new lift cart.  If the platform of the lift cart 
was designed to remain horizontal, the user would have to manually remove the load from 
the platform.  This would create the problem of the user having to battle against friction in 
order to load or unload the object onto the platform.  There were three concepts which were 
generated in order to correct this problem, and they can be viewed in Appendix H.  The first 
idea was to have a horizontal platform on a hinge to allow it to move down to dump the 
load.  The idea was to have a solid member underneath the platform to keep it horizontal.  
The user would then remove the solid member out from the platform, which would dump 
the load.  The problem with this system was the removal of the load would be too sudden, 
and could possibly damage the load.  The next idea was to implement the use of a scissor 
jack, which would be mated to a frame underneath the platform.  The front of the platform 
would be on a hinge, so the back could be raised by the jack.  This configuration posed 
problems, because of the friction occurring between the load and the platform.  The final 
idea, which was the one that was implemented, was to use a conveyor type platform with 
rollers and a belt.  This would allow the load to easily roll on and off the platform.  It was 
necessary to perform a calculation to determine the maximum tensile stress seen on the belt, 
which came out to be 480 lbs.  The belt was ordered from RubberCal Inc, and needed to be 
cut down to the proper size, which is discussed in the assembly section.  A 1/16 inch thick 
neoprene sheet was selected due to the tensile strength (1000 psi) and cost reasons. 
 
 
CONVEYOR ROLLERS 
   
 The conveyor rollers were selected with a diameter of 2 inches, and are made from 
tubular steel.  Rollers can be purchased already assembled, but in order to cut costs, the 
rollers were fabricated in the North Lab machine shop.  It was known that the conveyor 
rollers would have to sit higher than the platform frame in order to avoid contact between 
the load and the frame.  Thus, the rollers are mounted at ½ inch down from the top of the 
platform frame (see Appendix J- Drawings- Platform and Rollers).  At first, it was decided 
to use a total of four 2 inch rollers.  This configuration would be fine for a wide, flat load, 
but would not be ideal for an oddly shaped load, because it would sink into the large gap 
between the rollers.  It was later decided to six 2 inch rollers, which would be positioned 
6.200 inches from center to center.  This would create a better weight distribution between 
the rollers, as well as better roll ability of a given load.  Based on stress calculations, a 3/16 
inch pin would stick out of either end of the rollers to allow insertion into the conveyor 
frame.  600 lbs of force applied to a single roller, would create a maximum stress of 31,645 
psi at the pins.  Since the yield of A500 steel is 34 ksi, this is fine.  These six rollers would 
rotate freely in holes drilled into the sides of the conveyor frame.  Bearings were not 
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included in the design in order to meet budget requirements.  
 
 
WHEEL SELECTION 
 
 In order to prevent tipping of the unit, it was decided to use four wheels and not two or 
three.  Because the maneuverability of the unit is essential, the front two wheels would be 
mounted on swivel casters to allow for turning.  The wheels in the rear (closest to the user), 
would be mounted on fixed castors and would not be able to turn.  The front wheels would 
include wheel breaks, which prevent the unit from rolling when loading or unloading.  It was 
then determined that in order for the unit to easily roll over grass, the diameter of the wheels 
must be at least 8 inches in diameter.  In order to ensure roll ability on and off pavement, it 
was decided that 10 inch diameter by 4 inch thick pneumatic wheels would be most suitable.  
The exact dimensions of the wheels on fixed and swivel casters can be found in Appendix J- 
Drawings-Wheels.        
  
 
WHEEL LEGS/FRAME POSITIONING 
 
 The conveyor platform is able to lower to ground height.  The problem that was run into 
during the design phase was as follows: how to properly position the front wheels so that a 
wide load would not come into contact with the wheels or wheel legs.  It was known that the 
front wheels had to be on swivel casters for turning ability, and the top of the swivel castors 
are 12.25 inches off the ground.  Looking at the cart from the top view, if the wheels were 
positioned to close to the conveyor platform, the load would hit the wheels or wheel frame.  
In order to space front wheels away from the platform, three configurations were generated.  
These ideas can be found in Appendix H- Design Alternatives-Wheel Layout Ideas.  The 
final concept that was generated was the one that was chosen because it would allow the 
user to be able to easily load or unload a wide object, while the lifting platform is at four 
inches off the ground.  In the configuration chosen, the rear wheels are positioned closer to 
the vertical track, thus reducing stress on wheel frame. 
 
 
FRAME/VERTICAL TRACK 
 
 A500 steel tubular framing was chosen due to its high strength-to-weight ratio, and 
availability.  Based on the factor of safety of two, and the stress and deflection calculations, 
which can be seen in Appendix I, the framing for the wheels to sit on, along with the 
conveyor framing for the six rollers, are made of 2 ½” x ⅛” square tubing.  The vertical 
frame which contains the 3” diameter roller wheels, was constructed using two rectangular 
sections of 1 ½” x 1” x 1⅛” of steel tubing.  These sections would be welded in parallel to a 
3/16” thick flat to form each side of the vertical track.  It was decided to use castor wheels 
for the roller wheels, and four 3 inch diameter wheels were selected.  The wheels which 
were selected are rated at 350 lbs each.  These four wheels would be mounted to ½” pins 
sticking out of the sides of the conveyor frame, two on each side.       
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CONVEYOR BREAKING 
 
 In order to prevent the load from rolling while on the conveyor platform, it was 
necessary to come up with a method of braking.  During the design process several methods 
of breaking were brainstormed, and a best solution decided upon.  This breaking is 
performed by using two vertical locking clamps mounted on either side of the conveyor 
frame which would apply a sustained 500 lbs of clamping pressure to the belt.    
 
 
BUILDING THE EASY LIFT 
 
 All of the fabrication of the EasyLift was done at the University of Cincinnati, College 
of Applied Science, in the machine shop of the North Lab.  
 
ROLLER CONSTRUCTION 
 
 The first components of the prototype to be assembled were the six rollers which exist 
on the platform, which is the portion of the cart that that moves up and down vertically.  The 
first item to address was the fact that the rollers needed to be assembled.  The steel for the 
roller assemblies, were ordered from allmetalsinc.com.  It was decided to use 2” x 1/8” thick 
rollers based on the maximum designed load of 600 lbs, and keeping in mind that this load 
could exist entirely on a single roller.   
 

 

The rollers were constructed by mig 
welding 3/8” diameter pins to 2” square 
steel flats.  These squares were then 
turned down and made circular using the 
lathe in the machine shop.  After the parts 
were made round, they were press fit into 
the circular tubing and welded.  The 
rollers were then measured from pin to 
pin.  Some of the rollers needed to be 
shortened using the grinder in order to 
maintain uniform length.  Figure 7 depicts 
one of the rollers after being welded. 
         

   Figure 7- Roller Assembly 
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CONVEYOR FRAME ASSEMBLY 
 
 After all six of the roller assemblies were completed, it was necessary to weld the 
square tubular sections of the conveyor frame together.  The completed conveyor frame can 
be viewed in Figure 7.  The conveyor frame portion of the lift cart was assembled using 
sections of 2 ½” square A500 steel.  The first step was to drill the six ⅜” diameter holes that 
the roller pins would slide into.  Following that, ½” holes were drilled through the vertical 
members.  As seen in the figure below, there are four ½” pins sticking out of the sides of the 
back of the platform.  These are the mounting pins for each of the four 3” diameter wheels 
that slide in the vertical track.  Only the inner side of the two horizontal members needed to 
be drilled, because the outer side acts as a stop for the rollers.  The fact that the roller pins 
can come into contact with the outer side of the tubing, controls the back-and-forth play in 
the rollers.  After the two L-shaped members were welded together, the six rollers were 
inserted ensuring that the distance between the two L-shaped members was the same in the 
front as well as in at the back.  The orange hanger-type object seen in the figure was welded 
to the top portion of the platform frame.  The hook at the end of the 3/16” diameter steel 
cable will attach to this hanger in order to provide the lift of the platform.  The 2”x ¼” thick 
brace situated below the first roller was welded in place to prevent the L-shaped members 
from moving.  
 

 
                                                              Figure 8- Conveyor Frame Assembly 
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ATTACHING THE CONVEYOR BELT 
 
 After the rollers were installed, a 1/8” neoprene conveyor belt was attached.  The 
supplier of the conveyor belt, which was RubberCal Inc., only sold sheets with a minimum 
width of 48” and a minimum length of 9 ft.  This is what was ordered, knowing the belt 
would have to be cut down to proper size.  It was decided to order one nine foot sheet, 
knowing that it would have to be cut down to size.  After referring to the drawings, it was 
determined that the conveyor belt could be made using a sheet of 20 3/4” x 71”.  This length 
enabled the belt to overlap itself by 1 inch, and was joined by first clamping the belt to the 
rollers with the proper tension, and then applying a layer of rubber glue.  Figure 8 on the 
next page shows the belt being added to the prototype. 
 
 

   
                                                           Figure 9- Attaching the Conveyor Belt 
 
 
VERTICAL TRACK ASSEMBLY 
 
 The main frame assembly was fabricated using A500 steel, which was purchased from 
allmetalsinc.com.  (Refer to Figure 9 on the next page for reference)  This frame, which supports 
the conveyor platform, was built by mig welding four 60” x 1” x 1½” x 1/8” sections of 
rectangular tubing onto two 60” x 5” x 3/16” steel flats.  These two sections of rectangular 
tubing were spaced three inches apart (in order for the 3” diameter roller wheels to fit).  
These sections are aligned vertically on each side of the lift cart, and serve as the track in 
which the roller wheels ride in.  During this process, deformation in the vertical tracks 
occurred due to the high amounts of welding in the sections, and caused problems later on in 
the assembly process.  After the rectangular tubing was welded to the 5” steel flats, eight 
3/8” holes were then drilled in each track.  These holes would line up with the mounting 
plate of the wheel legs, and would allow the wheel legs to be bolted to the vertical track.  
Starting from the bottom end of the tracks, the location for the eight holes was important 
because this would determine the height of the tracks off the ground.  This height was 
decided during the design process, and allows 6” of ground clearance.   
 As seen in the following figure, there are three 28 5/8” x 5” x 3/16” steel flats which are 
mig welded to the back of the frame.  The two pieces located at the top and bottom of the 
frame keep the tracks square (alignment was very important because a properly aligned track 
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would allow for smooth travel of the conveyor platform.)  The rectangular flat in the middle 
provides the support of the manual hand winch.  A winch mounting plate was created by 
cutting a rectangular flat 6” x 4” x 3/16”, and then drilling three 3/8” holes.  This mounting 
plate was then mig welded to the rectangular flat located in the middle of the frame. 
   
 

 
Figure 10- Fabrication of the Vertical Track 
 
 At the top of the figure, there are two 
28 5/8” x 1” x 1/8” sections of square 
tubing which are positioned horizontally.  
These members were then mig welded to 
a 28 5/8” x 5” x 3/16” steel flat to form 
the top pulley support.  The red pulley 
shown came from northerntool.com, was 
rated at 600 lbs.  This pulley failed due to 
overloading during the testing process and 
was later replaced with a pulley from 
Granger rated at 1200 lbs.    

            Figure 11- New Pulley 
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FABRICATION OF THE WHEEL LEG ASSEMBLIES 
 
 Following completion of the vertical track, it was necessary to fabricate the two legs 
where the casters are mounted.  As seen in the following figure, 3/8” holes were first drilled 
into the 3/16” thick mounting plate.  This would allow the wheel legs to be bolted to the 
vertical track.  Four 3/8” holes, which were spaced according to the bolt pattern of the rear 
casters, were also drilled into two 2.5” square pieces of tubing, aligned adjacent to each 
other.  These 7.5” long sections were then mig welded to the mounting plate.  38” x 2.5” x 
⅛” square tubing was mig welded 90° to the 7.5” long sections.  Because the bolt pattern of 
the front swivel casters exceeded the 2.5 inch square wheel legs, 4 ½” x 5” mounting plates 
were fabricated.  These plates were cut using the circular saw from a 1/8 thick A500 steel 
flat.  ½” holes were drilled according to the bolt pattern on the swivel casters.  After this 
mounting plate was welded to the front wheels legs, both the straight and swivel casters 
were attached using ¾” long x 5/16” diameter bolts, along with nuts, and washers.   
 

   
               Figure 12- Mounting Plate                                            Figure 13- Wheel Leg Assemblies 
 
Figure 12 displays the front and rear casters, which were ordered castercity.com.  The front 
casters, which have the ability to swivel to allow turning, have wheel breaks which keep the  
wheels from moving when engaged. 
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Figure 14- Vertical Track with Wheel Leg 
Assemblies    
 
 
     

         5/16” bolts, nuts and washers were 
used to attach the wheel leg assemblies 
to the vertical track.  This assembly, as 
shown in figure 12, was lifted using the 
crane and placed on top of the 
conveyor platform.  The winch cable 
was feed up through the top pulley and 
attached to the hook welded to the top 
cross member.  The device was ready 
to be tested.  The winch was cranked 
causing the conveyor platform to move 
up.  The problem occurred when the 
platform would not move all the way 
up.  This resulted from the deformation 
in the vertical track.  The solution: 
grind down each of the four roller 
wheels and mounting pins using the 
sander.  After grinding and numerous 
attempts, eventually the conveyor 
platform was able to move up and 
down easily in the track.   

 
 
INSTALLING THE CONVEYOR BREAKS 
 
This breaking is performed by using two 
vertical locking clamps (see Figure 14) 
mounted on either side of the conveyor 
frame which would apply a sustained 500 
lbs of clamping pressure to the belt.  The 
locking clamps were purchased from 
Grainger.  Four 1/4” holes were drilled 
into either side of the conveyor frame 
adjacent to the back roller.  The clamps 
were positioned here in order to depress 
the conveyor belt into the back roller. 

    
Figure 15- Vertical Locking Clamps 
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TESTING 
 
 The EasyLift was tested in the North Lab machine shop as well as in a front yard.  Two 
heavy people (over 200 lbs) stood on the lift and cranked the platform up and down.  Some 
chatter was noticed when the winch was rotated counter-clockwise causing the platform to 
descend.  This chatter was a result of the winch cable being double wrapped around the 
winch.  The solution to this problem was to shorten the winch cable using the circular saw.  
Shortening the cable resulted in a single wrap around the outside diameter of the winch, 
which eliminated the chatter.   
 Another problem which was encountered during the testing process was that the lift 
slightly resisted rolling.  It was found that this resistance to rolling was a result of the two 
rear wheels being out of alignment.  The bolts which attach the casters to the frame were 
loosened and the alignment was adjusted.  Following the adjustment the lift was maneuvered 
and the problem was eliminated. 
 Volunteers stood on the EasyLift during the Tech Expo, and the lift was raised and 
lowered.  No problems occurred. 
 I got someone to stand on the EasyLift and jump up and down to see if the lift could 
absorb impact.  The pneumatic wheels slightly flattened into the ground.  No other problems 
existed.  
 The lift was then transported to the front yard of Brian Denterlein.  The test began as 
follows:  Someone pulled an F-150 pickup truck into the driveway.  The truck was loaded 
with twelve bags of mulch.  The EasyLift was positioned at the back of the truck and wheel 
brakes were engaged.  The bags were then pushed onto the lift, which rolled onto the 
conveyor platform easily.  The vertical locking clamps were engaged and the wheel brakes 
disengaged.  The EasyLift was difficult to move at first, but once the momentum was up it 
rolled more easily.  This 600 lb load was then cranked up to maximum lift height and then 
brought down again.  The winch was quite difficult to crank, but task completed. 
 Maneuverability increased when additional air pressure was added to each of the 
pneumatic wheels.  The Figure 16 on the following page shows some images taken during 
the testing process. 
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Figure 16- Testing 
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PAINTING 
 
 Following the testing process the prototype was ready to be painted.  The EasyLift was 

disassembled and parts were placed on newspaper.  Corrosion resistant all-weather 
spray paint was applied to the parts.  Blue paint was applied to the wheel leg assemblies 
and the vertical track, while a dark green coating was applied to the conveyor frame. 

 
 

 
Figure 17- Project Completed 
 
 
 
RECOMMENDATIONS 
 
 Anytime a complex project is carried out and a prototype is built, the designer or 
designers can become aware of improvements which can be made in the future.  Following 
the testing process there were a few changes that would help to improve the EasyLift.  The 
first item deals with the vertical track in which the conveyor platform rides up and down 
vertically.  Instead of using the steel tubing/steel flat combination, the tracks can be formed 
using sections of steel channel.  This change would reduce the overall cost as well as labor.  
 The next item to address deals with the conveyor rolling ability.  Ball bearings at the 
ends of the rollers would practically eliminate the friction occurring from the metal to metal 
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contact, as well as extend the life of the rollers.  It is also recommended that twelve inch 
wheels should be used instead of ten inch.  This would provide better rolling ability when 
the EasyLift is transported over grass or dirt.  The final item deals with the wheel brake 
placement.  The wheel brakes are currently in the front of the EasyLift mounted to the 
swivel castors.  It is suggested to create some other type of brake such as a wheel brake on 
the rear wheels.  This would allow the user to access the brake while gripping the handles.  
All of these items should be addressed for future designs. 
 
 
PROPOSED SCHEDULE/ACTUAL SCHEDULE 
 
      A schedule was generated to design build and test the prototype lift cart which can be 
viewed in Appendix E.  According to the proposed schedule, the proof of design and 
weighted decision matrix was supposed to be completed by January 14th, 2007.  This was 
not completed until the week of the 22nd thru the 28th.  The planned schedule shows that the 
next step was to design the frame for the EasyLift, but sizing and selecting the wheels had to 
be done first in order to be able to draw them in AutoCad.  According to the initial schedule, 
by February 19th, 2007, the assembly drawing should have been completed and the materials 
ordered.  This was not the case, because there was more time being spent on component 
orientation, design of the conveyor frame and the stress analysis.  According to the actual 
schedule, the final analysis and drawings did not get completed until March 11th, 2007 
       At the time, it was not determined when the Winter design presentation would take 
place, and it was initially listed to occur Feb. 28th.  The design presentation did not occur 
until March 6th, and following that, the design report was prepared.  The design report was 
then submitted March 15th, 2007.  On the initial schedule, it was listed as the day before.  
Also, the original schedule says that parts were supposed to be ordered during the week of 
Feb 20th to Feb 25th.  This date was much too early to start ordering parts (materials were 
ordered during spring break). 
       According to the initial schedule, following Spring Break the frame, loading platform, 
lifting mechanism, and wheels were supposed to be assembled in a period of four weeks.  
Because of its complexity, the conveyor platform took a total of approximately four weeks 
to assemble.  The initial schedule says the entire lift cart should be completely assembled by 
May 2nd, 2007 when the demonstration takes place.  This demonstration did not take place 
until the 11th of May, 2007.  Problems which existed with the lift cart were corrected and the 
prototype was ready for display at the Tech Expo on May 16th.  The initial schedule says the 
oral presentation was to be given May 23rd and the final report is due by May 30th, 2007.  
According to the actual schedule the oral presentation was given May 30th, and the report 
was turned in June 4th, 2007. 
      The actual schedule was very different, and everything was set back about a week or 
two, as a result of problems arising and tasks changing. 
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BUDGET COMPARISON 
 
 The budget, which can be seen in Appendix F, shows forecasted cost of the frame, 
lifting mechanism, wheels, swivel casters, loading platform, rollers/bearings/guide pins, and 
any other parts or services.  The frame was estimated to cost $175.00 being the largest 
component of the prototype.  The lifting mechanism was $165.00 due to the high amount 
parts involved.  After the addition of swivel castors, wheels, loading platform, and misc. 
services/parts, the total forecasted amount of the proposed budget was estimated to be 
$575.00. 
 The actual budget came out to be $674.49 which is 17.3% higher than to the proposed 
figure.  The lifting mechanism turned out to be only $47.99, as opposed to the $165.00 at 
which it forecasted.  The wheels were quite expensive, costing 70$ for the two swivel 
casters with brake, and $50 for the two non-swivel wheels.  The A500 steel took up the bulk 
of the budget costing $399.79.  The fact that a roller conveyor was decided upon for the 
loading platform also drove up costs.  The budget comparison from proposed to actual can 
be seen in Appendix F. 
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APPENDIX A- EXISTING PRODUCTS 
 
http://www.truckcrane.net/  10/01/06 Pickup Truck Crane Lift http://www.truckcrane.net/ 
 

4 Ft with Complete Unit 
To help you with the loading of heavy items onto a trailer there is nothing that can take the place of an 
Aluminum Pickup Box Truck Lift. 

It fits on box side using universal mounting system, removes quickly and then folds down for quick 
removal and storage in an available custom carry case, out of the way. 

This unit has a four foot reach and is ideal for the heavy duty user. The user can only operate the winch 
by standing in the truck bed. It weighs 35 pounds and has a maximum height from the bed of the truck 
to the top of the unit of 6' 11". It is certified to lift up to 700 pounds. 
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http://www.tkloader.com/pages/flowerpot.htm  10/02/06 TK Loader Economy Series   www.tkloader.com 
    
 
    The operation of the TK Loader is smooth and does not rely on the balance point to tilt  
    the device. Instead, it is controlled under power both during the loading and unloading  
    sequence.  There are no parts to detach and even a small child can operate a TK Loader.   
    Installation or removal is a snap and the patented system does not require any holes to  
    be drilled or any alteration of the vehicle bed whatsoever.  Various models of the   
    TK Loader can be installed in almost any pickup truck bed with capacities up to 2000 lbs.  
    Custom designed units are available for almost any application. 
 

Features: 
Low profile wheel channel is only 3/4" above the pavement, allowing the user to effortlessly and safely position the 
bike for tie-down and loading 
Specifications: 
950 lb. capacity standard 
Weight: 315 pounds 
Options: 
Quick install mounting kits 
Long bike attachment for choppers 
Stainless steel construction 
Heavy duty option 

► Will fit any standard sized pickup truck with long (8 ft) short (6.5 ft) or 
stepside bed 

► Will fit most mid-sized pickups such as Chevy S10, Ford Ranger, and 
Dodge Dakota 

► Available for vans 
► Custom designs available 
► Initial installation approximately 45 minutes, can be removed in less than 

5 minutes and reinstalled in 10 minutes 

Introductory Price 
Model 100LP $2995 
Model 100LX $3495 
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http://www.handtrucks.com/material-lifts/scissor-lift-
tables/products.cfm?action=view&key=WES093 Wesco Wesco Mobile Scissor Lift TableWinch  
10/01/06  www.handtrucks.com 
 
Wesco Mobile Scissor Lift Table 
 

 
•  A wide table gives you plenty of space to work.  
•  A foot pump hydraulic lifting mechanism lets you get your work at a comfortable height quickly and 
easily.  
•  A spring loaded release lever is easy to use so you can move on to your next project efficiently.  
•  Swivel casters make this table highly mobile so you can roll it where you want it.  
•  Floor locks are a standard safety feature and will keep the table in place while you work.  
•  Steel construction on the top and base means this piece will stand up to heavy use.  
•  Choose between 700 and 1,000 pound capacities to suit your workplace 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dimensions: 42W x 19.5D x 37H inches  

Material: Steel  

Assembly: Not Required  

Type: Scissor Lift Tables  

Brand: Wesco  

Casters: 5 in Polyurethane with Locks  

Lift Height (in.): 35 inches  

Lowered Height: 11 inches  

Lift Type: Foot Pump  

http://www.handtrucks.com/material-lifts/scissor-lift-tables/products.cfm?action=view&key=WES093�
http://www.handtrucks.com/material-lifts/scissor-lift-tables/products.cfm?action=view&key=WES093�
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http://www.handtrucks.com/material-lifts/hand-crank-winch-
lifts/products.cfm?action=view&key=WES080  Wesco Winch lift 9/26/06 www.handtrucks.com 
 
Wesco Winch Lift 

 

Item WES080  
 
•  Manual winch with auto brake makes raising the load a simple task.  
•  There are no catches to the release, so lowering your load back to the ground is safer and smoother.  
•  Wheels are on swivel casters and lock into position for load lifting and lowering.  
•  Two forks lower to 4.25" above the floor and raise up to 54" to get your machinery or heavy objects 
at an accessible level.  
•  500 pound capacity.  
 
Get the utility of a winch lift in your shop or warehouse to get the heavy items you need to work on at 
work station height. Order one today. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dimensions: 30L x 20W x 70.5H inches  

Material: Steel  

Weight: 103 lbs  

Assembly: Not Required  

Load Capacity (lbs.): 500  

Type: Hand Crank Winch Lifts  

Wheels: 5 in Moldon Rubber  

Brand: Wesco  

Casters: 5 in Moldon Rubber - Swivel  

Lift Height (in.): 54  

Lowered Height: 5.75 inches  

Platform Dimensions: 20L x 20W inches  

Lift Type: Hand Crank  

http://www.handtrucks.com/material-lifts/hand-crank-winch-lifts/products.cfm?action=view&key=WES080�
http://www.handtrucks.com/material-lifts/hand-crank-winch-lifts/products.cfm?action=view&key=WES080�
http://www.handtrucks.com/�
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http://www.handtrucks.com/material-lifts/hand-crank-winch-
lifts/products.cfm?action=view&key=GEI003

Genie GL-10 Material Lift 

  9/29/06 Genie GL-10 Material Lift  
www.handtrucks.com  

Item GEI003  
 
•  8 inch Moldon non-marking or 10 inch Pneumatic rear wheels with 2 inch front swivel casters.  
•  6 feet 5.5 inches stowed height.  
•  Durable, lightweight aluminum construction.  
•  Straddle base for stability.  
•  Standard steel forks.  
•  Forks lower to 2 inches.  
•  Forks 22.5" L x 20.6" W (outside to outside).  
•  Assembly not required.  
 
The Genie GL-10 Material Lift is a straddle base unit made with strong yet light weight aluminum that is 
reliable for many different material lifting jobs. The GL-10 is capable of lifting 350 lbs up to 11 feet, 8 inches 
high. Choose the wheel option that best meets your needs. Straddle base design is stable and safe for lifting 
material and supplies to higher work spaces. This unit is easy to maneuver in a variety of conditions. Increase 
productivity buy reducing the stress and strain of manually lifting loads in hard to reach spaces. The hand crank 
winch is efficient, reversible and easy to use with aircraft quality cable. Since 1966 Genie has manufactured 
quality material handling products that can be trusted for years of reliable service.  
Dimensions: 43L x 43.5W x 77.5H inches  

Material: Aluminum  

Weight: 149 lbs  

Assembly: Not Required  

Load Capacity (lbs.): 350  

Brand: Genie  

Lift Height (in.): 140  

Fork Dimensions: 22.5L X 20.6W inches  

Lowered Height: 2 inches  

Fork Size: 22.5L X 4W inches  

Lift Type: Hand Crank  
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http://www.zorinmaterial.com/products/products_detail.cfm?product=619  10/01/06 Lift & Tilt Carts with 
Sequence Select www.zorinmaterial.com 
 
Lift & Tilt Carts with Sequence Select 
 
Model V-CART-500-LT (Pic. 1 & 2) has a unique design which allows the user to RAISE and TILT 
materials to an ergonomic position for better posture and operator comfort. The manual hydraulic foot 
pump controls the platform lift, lower and tilt. A manual selector valve is used to control the lift/lower 
sequence independently from the tilt sequence. The hinged platform includes a 6.5" high retaining lip. 
Cart is portable with two rigid and two swivel 5" poly-on-steel casters. 
 
Model V-CART-400-LT and V-CART-600-LT (Pic. 3) are elevated by means of a foot actuated 
hydraulic cylinder. As the table is raised, it simultaneously tilts to an angle of 45 degrees at full 
elevation. Built-in retaining lip keeps containers in place. 
 

Model # Platform 
Size Capacity Tilt Service 

Range Weight 1 Quantity 

V-CART-500-
LT 

21.5"W x 
40"L 

500 lbs. 30 
degrees 

16.5" to 36" 350 
lbs. 

$1,830.00 
 

V-CART-400-
LT 

19.5"W x 
30"L 

400 lbs. 45 
degrees 

13" to 31" 200 
lbs. 

$581.00 
 

V-CART-600-
LT 

24"W x 36"L 600 lbs. 45 
degrees 

14" to 35"  300 
lbs. 

$641.00  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.zorinmaterial.com/products/products_detail.cfm?product=619�
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APPENDIX H– DESIGN ALTERNATIVES 
WHEEL LAYOUT IDEAS 
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APPENDIX I- LOADING CONDITIONS 
 

Safety Factor- 2 Calculations Rated- 300 lbs   
   Designed- 600 lbs   
Hand Winch- 800 lbs     
Cable- Rated at 1600 lbs    
Top Pulley- 1000 lbs     
4 Wheels- 350 lbs each  Conveyor Frame  
Hook- 1200 lbs  Bending Stress 5,527 psi 
4 Sliding Rollers- 300 lbs each Max. Deflection -0.138 in 
Max Yield A500 Structural Steel- 34,000 psi    
    Top Cross Member  

 Roller Pin  Bending Stress 21,375 psi 
Shear 31,645 psi Max. Deflection -0.00998 in 
      
Bolts on Wheel Leg Mount  Conveyor Belt  

Shear 541 psi/bolt 
Tensile of Neoprene 1/16" Thick 
Belt 1,000 psi 

   Max. Tensile Seen on belt 480 psi 
 Bolts on the Winch Mount   

Shear 640 psi  Vertical Track  
   Max. Bending Stress 30,521 psi 

 Winch Mount plate Max. Deflection -0.58778 in 
Shear        57.5 
psi 480 psi    
    Wheel Leg  

Max. Bending Stress Winch Cross Member 1,826 psi 

Shear 150 psi Max. Deflection 
-

0.005713 in 
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