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ABSTRACT 
 

In industrial moving applications there are few options when it comes to handling individual 

items that may require a hand truck for moving. There is a need for an alternative method for 

lifting them to a higher level such as on to a truck or a shelf. 

 The vast majority of those surveyed stated the ability to transport, maneuver, and lift a 

load with a hand truck safely were the most important features of the design. Combining the 

voice of those surveyed with engineering analysis produced a design that involved the use of 

a wench and pulley system integrated into a hand truck. Required wench torque was 

calculated based on the target lifting capacity of the hand truck. The forces acting on the 

frame were also calculated based on the target lifting capacity both when being lifted by the 

wench and when being transported by the dolly. 

 The components were designed to target the customer needs. Simple up and down three-

position switch will control the lifting mechanism so the lifting platform can be positioned 

anywhere along its full travel distance by the operator. The frame was designed to handle 

repeated loading and lifting of heavy items. The lifting plate is made to be large enough to 

safely lift most items without posing the threat of having them fall off. The material for each 

component was selected to make the product durable and safe. 
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INTRODUCTION 
 

PROBLEM STATEMENT 
 In the course of moving heavy objects the aide of a dolly or hand truck would prove to 

help and prevent strain on the body. This is until the load would be needed to be placed on a 

surface in which a dolly or hand truck cannot reach such as on a table top or shelf.  

 

 This project is a proposal to solve this dilemma buy building a prototype of a two-wheel 

dolly with a battery operated integrated lift that would be able to lift a load to a point where it 

can be placed on a shelf, table, or stacked on other objects (i.e. box stacking). This product 

could prove to be useful for loads that are dangerous for one person to lift or for loads unable 

to be lifted by the elderly or by people with back problems. 

 

EXISTING PRODUCTS 
 There are several different methods for which heavy items are lifted by a single 

individual. This section is to analyze some of these different methods and to take note of 

their advantages and disadvantages for load lifting. 

 

 
Figure 1 - Traditional Hand Truck 

 The traditional hand truck shown in figure 1 is a good method for an individual to 

transport heavy objects. The hand truck has the capacity to lift heavy objects using the torque 

created by the operator. The hand truck also has good maneuverability. With only two wheels 

allows the hand truck to have a turning radius of zero. As long as the object’s destination is 

not on an elevated surface such as a table, shelf, or workbench the hand truck is capable of 

delivering a heavy payload. If, however, this is where the object is to be placed then it would 

be up to the individual to pick up the object with no assistance. Depending on the objects 

weight this can prove to be a dangerous task that can result in injury or damage to the object 

being lifted. 
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Figure 2 - Fork Lift 

 The fork lift shown in figure 2 is capable of lifting very large loads. It is powered and 

uses hydraulics to lift objects with its forks. The tradeoff of the forklift’s great lifting 

capacity is a loss in maneuverability. In comparison to the hand truck, forklift requires a 

much larger area to maneuver. Another drawback to the forklift is its cost. Fork lifts are very 

expensive in comparison to a hand truck and for most individuals it is not feasible or 

practical to own them. Most fork lifts are owned by corporations that need and use them 

daily. 

 

 
Figure 3 – Crane 

 Like the fork lift, the crane shown in figure 3 is capable of lifting very large loads. It can 

maneuver an object over top of an area to place it. Its first limitation is that it can only place 

an object in an area under the crane’s reach. The second limitation is cost. The cost of a crane 

is greater than the cost of a fork truck, making it even less feasible and less practical for 

individuals to own. 
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CUSTOMER FEEDBACK, FEATURES, AND OBJECTIVES  
 

SURVEY ANALYSIS  
 

A survey was conducted to determine the importance of each proposed feature. Below are the 

results of the survey. The person being surveyed is asked to place a ranking of importance of 

each feature with 5 being the most important and 1 being the least important. 

 

Table 1 - Average of Survey Answers to Importance 

Safety 5 

Durability 3.8 

Lifting Capacity 4.3 

Lifting Height 4.3 

Ease of Maneuvering 3.8 

Operation by 1 Person 3.8 

Ease of Operation 3.8 

Low Cost 5 

Appearance  2.5 

Platform Size 4.3 

 

Then the person being surveyed is asked to place a 1 to 5 ranking on their satisfaction of 

current similar products like the ones mentioned in the introduction above. 

 

Table 2 – Average of Survey Answers to Current Satisfaction of Similar Products 

Safety 4.5 

Durability 5 

Lifting Capacity 4 

Lifting Height 2.25 

Ease of Manuvering 4.25 

Operation by 1 Person 3.75 

Ease of Operation 3.75 

Low Cost 4.5 

Appearance  4 

Platform Size 2.5 

 

To analyze the results of the survey a Quality Function Deployment (QFD) Analysis is 

constructed. This QFD is a table that takes into account the relevance of components to 

corresponding features and quantifies the importance of each feature into a relative weight. 
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Table 3 - Quality Function Deployment (QFD) 

 
 

 

PRODUCT FEATURES AND OBJECTIVES 
 

With the results from the QFD, a list of product features and objectives was created. The list 

is organized from most important to least important feature. Under each feature there is a list 

of objectives related to that feature to make it possible.  

 

The following is a list of product objectives and how they will be obtained or measured to 

ensure that the goal of the project was met. The product objectives will focus on a hand truck 

equipped with an electric powered lifting mechanism. 

Have Good lift height: 19% 

1.) Product will be able to lift a load 5.5ft off of ground. 

Safety:  14% 

 1.) Safety guards covering pinch points and moving parts. 

 2.) Power switch to disconnect power to the motor when attachment is not being used. 

 3.) Dead-man switch to stop drive when operator lets go. 

Affordable:  14% 

 1.) The retail product will cost less than $1000 to purchase. 

Have Good platform size:  12% 

1.) Loading platform will be at least1.5’x1.5’ 

Easy to Use/Operate:  11% 

1.) The lifting mechanism will operate with a single three way switch for up, down and 

off positions.  

2.) Handles will be ergonomically designed for comfort.  

3.) The lifting mechanism will operate at less than 80 Decibels. 
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4.) Recharging and lubrication should be the only routine maintenance required for the 

hand truck 

5.) Product will have an open design where components can be easily reached. 

6.) Product will be able to be wiped down with water or cleaner 

7.) Product will not exceed 3’x 3’x 6’ 

8.) Lifting Mechanism will be able to stop at any height between the minimum and 

maximum heights by releasing the switch. 

Have sufficient load capacity:  10% 

1.) Product will be able to lift at least 200 lbs. 

Easy to maneuver:  9% 

1.) Product will be able to be maneuvered by one person while under a load  

Durability:  7% 

 1.) Durability of the attachment measured by component life and proper design criteria 

specified in the following spec sheets: 

 -Winch Spec Sheet 

 -Battery Spec Sheet 

 -Pulley Spec Sheet 

 2.) A factor of safety of 4(Mott, Mechanics of Material) will be used alongside the 

properties of the materials to be used to make the hand truck structure to ensure no 

structural failure occurs during repeated loading. 

 3.) Mechanical assembly will follow allowable torques of mechanical fasteners, 

electrical motor with gear reduction, and material strength of the lifting device. 

 4.) All electrical connections will be soldered and then covered with heat wrap as to 

assure of no loose connections or bare wires. 

5.) The lifting mechanism will be able raise and lower a load 50 times before needing 

recharged. 

 

 

CONCEPT GENERATION AND SELECTION 

CONCEPT 1  
This concept uses a cable attached to the lifting platform of the hand truck. A winch with 

high torque and low RPM reels in the cable and pulls the platform up to a pulley mounted to 

the top of the hand truck's frame. This concept is simple and effective but relies on the 

strength of the cable to lift the load. This method is similar to that in which a crane lifts a 

load. 
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Figure 4 – Concept #1 (Rear View) 

 

 
Figure 5 – Concept #1 (Front View) 

CONCEPT 2 
This concept uses the gear motor attached to the lifting platform to drive a pinion pulley. This pinion 

pulley would drive the platform upward on a gear rack attached to the side of the hand truck's frame. 

This concept would not rely on a wire cable to support the load, but it would and more complexities 
to the design. Since this concept requires that the motor move with the lifting plate then some sort of 

wiring harness would need to be used to allow the wires attached to the motor to move with it. This 
concept would also call for the use of a DC gear motor, not a winch. When pricing for this concept it 

is discovered that the price of DC gear motors are much higher than that of a traditional electric 

winch. This concept would be lifting the plate on only one side. This may cause a torqueing of the 
plate when it is lifting a load. 
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Figure 6 - Concept #2 (Rear View) 

 

CONCEPT 3 
This concept involves mounting the winch to the top of the frame thus eliminating the need 

for a pulley in this design. The cable would be directly attached to the lifting plate and the 

winch would pull the lifting plate upwards towards itself. This concept is simple and 

eliminates the need for a pulley, but at the same time it requires the winch to be mounted at 

the top of the frame. This means that in order to achieve the same lifting height as the other 

two concepts the frame of the hand truck would have to be taller. This concept causes the 

center of gravity of the frame to be higher and thus more unstable as it lifts the target load. 

 
Figure 7 - Concept #3 

 

 

The three concepts were evaluated and it is noted that while all the concepts would work 
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effectively, concept #1 would prove to be the simpler and more cost effective design. 

Concept #1 does not require the more expensive components such as the DC gear motor and 

the rack and pinion gearing and would lift the load more evenly than concept #2. Concept #1 

is able to lift the load higher than concept #3 on the same frame and would prove to be more 

stable than concept #3 when lifting a load due to its lower center of gravity. 

 

CALCULATIONS 
After the concept design was selected the next step was to do the calculations that would 

prove crucial to the function of the hand truck. These include an analysis to prove the winch 

would be able to lift the target load, an analysis to prove that the frame and lifting plate 

designed could support the target load both during lifting and transporting, and an analysis of 

the force needed by the operator to generate enough torque to rotate the load onto the axle for 

transportation. 

 

CALCULATING THE TORQUE REQUIRED TO LIFT AND TENSION  
The torque required to lift the desired load is based upon the tension of the wire. To 

determine the maximum tension of the wire, the load and pulley configuration must be taken 

into consideration. The simplest pulley configuration, shown in figure 7, is a single pulley 

and offers a 1:1 ratio. This means that the tension on the wire rope will equal the load it is 

lifting. The target load for this project is for the hand truck to lift a maximum of 500lbs. the 

lifting plate will weigh approximately 100lbs maximum. This puts a maximum of 600lbs of 

total weight on the wire rope. The safety factor was determined to be 2 and therefore the 

calculations were carried out as if the hand truck were lifting 1200lbs. A winch was selected 

that has a listed maximum lifting capacity of 2000lbs. The following specifications are given 

for the winch: 
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Figure 8 - Pulley Configuration 

 

Given: 

 Motor: 

  Power: 1hp 

  Rated line pull: 2000lbs 

 Wire Drum: 

  Diameter: 1.25in 

  Radius: 0.625in 

  Circumference: 3.93in 

 Gearing: 

  Type: Planetary 

  Ratio: 153:1 

  Wire pull speed @ 1,200 lbs (target load): 5.5 ft/min => 1.1 in/sec 

 Wire: 

  Diameter: 5/32in 

 

Calculations begin by calculating the drum rotation speed from the given data: 

 Drum Rotation (RPS) = Wire pull speed (in/sec) ÷ Drum circumference (in/rev) 

 1.1in/sec ÷ 3.93in/rev = .28 RPS = 16.79 RPM 

 

From the drum rotation speed it is possible to use the gear ratio to calculate the motor speed: 

 Motor Speed= Drum Rotation Speed  x Gear Ratio 

 16.79 RPM x 153/1 = 2569.5 RPM 

 

With the horsepower rating and the motor speed it is possible to calculate the motor’s torque 

rating by using the equation shown below. 

 (5252 x Horsepower) ÷ Motor RPM = Motor Torque (lbft) 
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 (5252 x 1 HP) ÷ 2569.5 RPM = 2.044 lbft = 24.528 lbin 

 

Working back from the calculated torque we are able to use the gear ratio to find the output 

torque at the wire drum. 

 Motor Torque (lbin) x Gear Ratio = Drum Torque 

 24.528 lbin x 153/1 = 3752.78 lbin 

 

The drum torque can then be used to find the pulling force exerted by the winch by dividing 

the gear torque by the radius from which the wire is pulled. This diameter is changing based 

upon how much wire is pulled onto the drum. Therefore the most simple way to calculate the 

pulling force is to do a best and worst case scenario. For the greatest pulling force, the radius 

would have to be as small as possible. Therefore the worst case scenario would be with the 

drum full of wire and the best case scenario would be an empty drum. 

 

Best Case: Pulling Force = Drum Torque ÷ Drum Radius 

   3752.78 lbin ÷ .625in = 6004 lbs 

Worst Case: Pulling Force = Drum Torque ÷ (Drum Radius + Wire diameter x 4) 

   3752.78 lbin ÷ (.625 + (5/32 x 4) = 3002 lbs 

 

These calculations verify that the winch is capable of lifting the target load of 1,200 lbs by a 

factor of 2.5 and is a suitable choice for the lifting mechanism.  

 

CALCULATING THE FORCES ON THE LIFTING PLATE 
The calculations performed on the lifting plate were done with aid from the stress analysis 

report in the Autodesk Inventor program in which the plate was designed and modeled. The 

following figures show how the forces and constraints were applied in the program and how 

the plate reacted in the analysis. 

 

 The force applied represents the target load of 500lbs being lifted on the plate and the 

constraint represents the wire rope being attached to the rear of the lifting plate. There is no 

force applied to the wheels to be mounted on the sides of the platform and therefore they can 

be neglected in this calculation.  
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Table 4 - The Force of the Target Load 

 
Figure 9 The Force of the Target Load 

 

 

 

 
Figure 10 Fixed Constraint On Rear of Lifting Plate 

 

 The results shown below are the resulting stresses, strains, and displacement of the plate 
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in reaction to the target load being lifted. The most important of these results is the Von 

Mises Stress. The Von Mises Stress is a formula for calculating whether the stress 

combination at a given point will cause failure. The Von Mises method accounts for stresses 

occurring in all planes and axes of a given part. Using the computer for this calculation 

allows for the calculation to be applied to the whole part and the maximum stress is displayed 

in the results table and pointed out on the model. 

 

Table 5 - Equations used to Solve for Maximum Stresses on the Assembly 

Calculation Equation 

Torque (τ)       

Stress (σ) σ = F ÷ A 

Von Mises Stress (συ) 
 

 

 

Table 6 - Resulting Stresses on Lifting Platform 
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Figure 11 - Visual Representation of the Location of Greatest Stress on the Lifting Plate 

 

 In order for the material to not fail the yield stress of the material must be greater than 

the maximum amount of Von Mises Stress experienced by the part. In this case the material 

the lift plate is made out of is ASTM high strength steel with yield strength of 56300psi. 

Therefore the material is able to withstand the forces caused by the target load. 

 

CALCULATING THE FORCE ON THE FRAME 
 When calculating the forces on the frame there are several forces that affect the frame 

and must be accounted for in the analysis on the frame using the stress analysis program in 

the Autodesk Inventor software. 

 

 This first force is the force the winch applies when it is lifting the target load. This force 

is equal to the target load being lifted. 

 

Table 7 – Winch Force Acting on Frame 
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Figure 12 - Force of the Winch Acting on the Frame 

 

 The next force accounted for is the force of the pulley on the top rail of the frame. This 

force will also be the same as the target load since the entire load is being supported by the 

pulley as it is being lifted. 
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Table 8 - Force of Pulley Acting on Frame 

 

 
Figure 13 - Force of the Pulley Acting on the Frame 

 

 The force of gravity acting upon every part in the system is also taken into account to 

show how the weight of each element affects the whole assembly. 

Table 9 - Gravity Applied to the Assembly 

 
 

 The final force taken into account in this simulation is the weight of the motor and 

battery. These components weigh approximately 30 lbs. and it is shown below how this 

weight is applied to the motor mounting plate. 
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Table 10 - Force Due to the Weight of the Winch and Battery 

 

 
Figure 14 - Applied Weight of the Winch and the Battery 

 

There are two constraints placed on this system in order to simulate the stresses. The first 

constraint is applied to the axle as a pinned constraint. This allows the frame to still rotate 

around the wheel if it were to do so in the simulation. 

Table 11 - Pinned Constraint Applied to the Axle 
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Figure 15 - Pinned Axle Constraint 

 

 The second constraint applied to this system is a frictionless constraint that acts as the 

floor underneath the base plate. The combination of these two constraints and the forces 

applied earlier complete the system and make it possible to realistically simulate the load 

being applied and measure the stresses seen by all parts of the frame. 

Table 12 - Constraint Applied to the Bottom of the Baseplate 

 

 
Figure 16 - Constraint Simulating the Floor 
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 After running the simulation the program calculates the minimum and maximum 

stresses, strains, and displacements of the system in a variety of methods and displays them 

in a chart as shown below. 

Table 13 - Resulting Stresses Applied to Frame during Lifting of the Target Load 

 
 

 As previously explained in the calculations for the lift plate, in order for the material to 

not fail the yield stress of the material must be greater than the maximum amount of Von 

Mises Stress experienced by the part. In this case the material the lift plate is made out of is 

ASTM A36 steel with yield strength of 36300psi. The maximum amount of stress as 

calculated using the Von Mises Stress method is 19.3ksi (19300psi). This means that the 

material is able to withstand the forces caused by the target load and is safe to use. 
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Figure 17 - Visual Representation of the Location of the Greatest Von Mises Stress 

 

CALCULATING THE FORCE ON THE FRAME WHEN TILTED 
 The next condition that would be needed to be calculated is the forces acting upon the 

frame of the hand truck when it is used to tilt and transport the target load. The angles of the 

forces applied reflect the hand truck being tilted at a 45 degree angle. This angle was chosen 

because it represents the most accurate angle in which the hand truck maintains during 

transport of a load. 

 

 Due to the hand truck being angled at a 45 degree angle the forces act at a 45 degree 

angle and have equal force components in the two axes the act in. For this simulation there 

was an assumption made that the load acts equally an both rails and so the load was divided 

in two and applied to each rail as shown below. 

 

Table 14 - Force of the Load Acting at a 45 Degree Angle 
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Figure 18 - Force of the Load Divided Evenly Among the Two Beams of the Frame 

 

  There are two constraints required in this system to accurately depict the situation. The 

first is the constraint applied to the axle as a pinned constraint to allow movement only in the 

tangential direction. The second constraint is also pinned on the handle of the hand truck to 

simulate the operator holding on to the hand truck while it is angled. 

 

Table 15 - Constraints Applied to the Axle and Operator Handle 
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Figure 19 - Constraint Applied to the Axle 

 

 
Figure 20 - Constraint Applied to the Handle 

 

 After the forces and constraints are applied it is possible to run the simulation through 

the program where it will calculate the stresses on the system and display the maximum and 

minimum stresses, strains, and displacements in the chart depicted below. 
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Table 16 - Resulting Stresses from Tilting the Loaded Hand Truck to 45 Degrees 
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Figure 21 - Resulting Stresses from Tilting the Loaded Hand Truck to 45 Degrees 

 

 The simulation shows a maximum of 33.51 ksi for the entire assembly using the Von 

Mises Stress calculation method. This amount still falls below the ASTM A36 steel yield 

strength of 36300, which is the material that the frame is made from. This calculation Proves 

that the frame can withstand the force of the target load as it is tilted at a 45 degree angle.  

  

CALCULATING THE FORCE NEEDED FOR THE OPERATOR TO TILT THE HAND TRUCK 
 In order to tilt and transport the target load, the operator must generate a large enough 

torque to tilt the load to the point where the load and hand truck are balanced on and 

supported by the wheels of the hand truck. The following is a diagram that shows the forces 

and torques involved when the operator is tilting the hand truck with the target load on the 

platform. 

 

 The torque generated by the operator at the handle must be greater than the torque crated 

by the load at the baseplate. Torque is defined as Force x Distance. From this simple equation 

it is possible to calculate the maximum amount of force needed by the operator to generate 

enough torque to rotate the load onto the wheels.  
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First, the torque generated by the target load must be calculated by the following equation. 

Torque = 500lbs. x 17.5in. = 8,750 in•lbs 

 

 This calculated torque is what the operator must overcome to tilt the hand truck. To 

calculate the force needed to overcome this torque we use the following calculation which is 

a variation of the torque equation. 

8,750 in•lbs = Pulling Force x 59.125in. 

Therefore 

Pulling Force = 8,750 in•lbs ÷ 59.125in. = 148 lbs. 

 

From the calculated torques it is discovered that the operator must generate a pulling force of 

greater than 148 lbs to tilt the hand truck under a 500lb load onto its wheels. 

 

ASSEMBLY DESIGN DETAILS 
 

FABRICATION DETAILS 
 The plans for fabrication were varied by the needs of each individual part. The various 

parts that needed fabricated were sheet metal parts and cut from stock parts. These parts were 

welded together to become the frame for the hand truck and the mounting points for all of the 

other parts. The sheet metal parts were cut and formed from sheet metal stock. Cutting of the 

flat patterns and hole patterns was performed by a CNC laser cutter and forming was 

performed by a break press. A technical shop drawing was made for each part that was to be 

formed from sheet metal. The parts to be cut from stock were to be cut from structural C-

channel and round stock. Each of the parts had its own shop drawing detailing the specific 
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length each part was to be cut. These parts were from stock to their correct length by a band 

saw.  

 

ASSEMBLING DETAILS 
To assemble the frame the cut to length parts and formed parts were welded together using 

TIG welding. The parts were lined up and then tacked into places with spot welding. Then 

after proper position of each part was confirmed the items were seam welded together. The 

items bolted to the frame were bolted on using grade 8 high strength hardware or, in the case 

of some purchase parts, the hardware that was included with those items. All wiring 

assemblies were done by hand and neatly attached to the frame using wiring harnesses. Wires 

attached to terminals have boots to cover the terminals to prevent exposed wires. 

 

TESTING 
 

To complete the project, testing was used to prove the significant product objectives. The 

ability to lift a 500lb load is the most important feature determined by the customer survey 

that was to be tested. The second most important being the number of lifts under maximum 

load achievable by one battery charge. 

 

The first test was to place a 500 lb load on the lifting plate and allow the hand truck to lift it 

to maximum height and hold it there for at least 30 seconds. The hand truck achieved this 

feat. 

 

The second test was to raise and lower the 500lb. load as many times as possible while 

monitoring the battery power level. 20 raise and lower cycles were achieved before a 

problem arose with the lifting plate tilting inside the frame causing the plate to become 

jammed inside the frame. It was noted that after 20 cycles of raising and lowering the 500 lb. 

load that the battery power level was at 70%.  This makes the 50 cycle target a reasonable 

feat to accomplish. 

 

CONCLUSION 
 

In the course of moving an object, that needs to be moved by a hand truck, there are limited 

options for lifting that object to a height in which a normal hand truck cannot reach. Placing a 

heavy object onto a tabletop, shelf, or onto the bed of a truck cannot be completed by an 

ordinary hand truck and therefore the lifting is most often done manually by the operator. 

The development of this hand truck with an integrated lift is in an effort to meet and exceed 

the operators need to lift heavy objects, function like an ordinary hand truck, and to be more 

affordable than other material lifting options. The final product is a maneuverable hand truck 

with an integrated lift that is capable of lifting and lowering 500 lb. load at least 50 times on 

a single battery charge. 
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Hydraulic foot pump raises the forks and a foot release 

lowers them, so you can keep both hands securely on the 

handles. The front tips of the forks touch the floor so you 

can load and unload easily and safely. 

Wheel safety locks ensure the lift stays in place when 

raising and lowering. 

750 pound capacity means you can get even heavy loads 

up to where you need them. 
 750 lbs. capacity  

 54" lift height (4.5ft) 

 8" Molded Rubber Wheels  

 Dimensions:  39L x 22.5W x 60.5H inches 

 Material:  Steel 

 Weight:  156 lbs 

 Platform Dimensions:  22L x 22W inches 

Good weight capacity 

Integrated Lift 

Hydraulic lift 

Good lift distance  

Not powered (Electrical) 

Wheel safety locks 

Good platform size 

Expensive 

 

Interview with customer, Aug. 30, 2012 

Keith Poe, Hand Truck Owner, 216 North East Street, Bethel, OH, 45106. 

Has newspaper route. 

Uses hand truck to aid in loading papers into vehicle. 

Difficult to lift bundles of papers into car. 

Hand truck is unable to lift other than to roll truck. 

Hand truck with integrated lift would aide in loading bundles of papers. 

http://www.handtrucks.com/material-

lifts/hydraulic-foot-pump-

lifts/wesco2wheeledhydrauliclift.cfm   

8/30/12 Wesco 2 Wheeled Hydraulic 

Pedalift. handtrucks.com 
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The Milwaukee 800 lb. D-

Handle Hand Truck has a heavy-duty metallic frame. It can 

support up to 800 lb. The D-handle allows you to use your free 

hand to open the door while balancing the stacked load with the 

other hand. The 10 in. pneumatic tires maintain an even glide 

over rough terrain. 

 Dimensions: 21 in. W x 17.5 in. D x 50.5 in. H 

 10 in. pneumatic tires cushion load over rough terrain 

 D-handle facilitates 1-hand operation 

 800 lb. load rating 

 Metallic frame is strong and durable 

Good weight capacity 

No Integrated lift 

Not powered 

Small platform size 

Good price 

 

 

 
This appliance hand truck is another great product brought to 

you by Handtrucks2go. Includes 2 belts with a ratchet belt 

tightener, stair climbers, and 6 inch high density polyolefin 

wheels. 

 Material: Steel  

 Weight (lb): 51  

 Load Rating (lb): 800  

 Dimensions (in): H60XW24XD12.5  

 Toe Plate Dimensions: 4.5" X 24"  

 Wheel Model Number(s): R5464  

 Belt tightner Style: RATCHET  

 Number of Belts: 2  

 Wheel: Model R5464 

 Wheels: 6" High Density Polyolefin  

Good weight capacity 

No Integrated lift 

Not powered 

Small platform size 

Good price 

Straps retain load during Transport 

Stair climbers 

 

 

http://www.homedepot.com/h_d1/N-

5yc1v/R-

100030159/h_d2/ProductDisplay?langId=-

1&storeId=10051&catalogId=10053 
8/30/12 Milwaukee 800 lb. D-Handle Hand 

Truck  homedepot.com 

http://handtrucks2go.com/Steel-Appliance-
Truck-2-Belts-HD-Polyolefin-Wheels.html 
8/30/12 Steel Appliance Truck 2 Belts HD 

Polyolefin Wheels handtrucks2go.com 

http://www.homedepot.com/h_d1/N-5yc1v/R-100030159/h_d2/ProductDisplay?langId=-1&storeId=10051&catalogId=10053
http://www.homedepot.com/h_d1/N-5yc1v/R-100030159/h_d2/ProductDisplay?langId=-1&storeId=10051&catalogId=10053
http://www.homedepot.com/h_d1/N-5yc1v/R-100030159/h_d2/ProductDisplay?langId=-1&storeId=10051&catalogId=10053
http://www.homedepot.com/h_d1/N-5yc1v/R-100030159/h_d2/ProductDisplay?langId=-1&storeId=10051&catalogId=10053
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When it comes to Quality, Reliability and Customer 

Service, Cat Lift Trucks offers a wide range of lift trucks 

with capacities from 2,500 to 36,000lbs to handle your 

material handling applications. 

 

Class I - Electric Counterbalance Lift Trucks: 

 2,500 - 10,000 lb capacity Pneumatic Tire Lift 

Trucks 

 3,000 - 12,000 lb capacity Cushion Tire Lift 

Trucks 

Class IV - Internal Combustion Cushion Tire Lift Trucks: 

 3,000 - 15,500 lb capacity Cushion Tire Lift 

Trucks 

 8,000 - 15,500 lb capacity Paper Handling Chassis 

Lift Trucks 

Class V - Internal Combustion Pneumatic Tire Lift Trucks 

 3,000 - 36,000 lb capacity Pneumatic Tire Lift 

Trucks 

We also carry the 5,500 lb capacity Pallet Jack designed to 

provide long-lasting strength and versatility for your 

warehouse needs. 

Great weight capacity 

Internal combustion or electric powered 

Large lifting platform size 

Very expensive price 

Unable to climb stairs 

Internal combustion emissions 

Less maneuverable in tight spaces 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

http://www.performancepeople.com/forkl

ifts/brands/caterpillar-forklifts 10/1/12 

Caterpillar forklifts Internal 

Combustion and Electric Powered 

http://www.performancepeople.com/forklifts/brands/caterpillar-forklifts
http://www.performancepeople.com/forklifts/brands/caterpillar-forklifts
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APPENDIX B – SURVEY RESULTS 
 

TWO WHEELED HAND TRUCK WITH INTEGRATED LIFT 

CUSTOMER SURVEY 

Please help us to create the best product we can by telling us what you would want to see 

featured in this new hand truck. Please complete this short survey to tell us what features 

you believe would be important in this product. 

 

How important is each feature to you for the design of a new hand truck with a 

lifting device?  

Please circle the appropriate answer.     1 = low importance         5 = high importance 

 Ave. Score 

 Safety 1 2 3 4 5 N/A 5 

 Durability 1 2 3 4 5 N/A 3.8 

 Lifting Capacity 1 2 3 4 5 N/A 4.3 

 Lifting height 1 2 3 4 5 N/A 4.3 

 Ease of Maneuvering 1 2 3 4 5 N/A 3.8 

 Operation by 1 person  1 2 3 4 5 N/A 3.8 

 Ease of operation 1 2 3 4 5 N/A 3.8 

 Low Cost  1 2 3 4 5 N/A 5 

 Appearance 1 2 3 4 5 N/A 2.5 

 Platform size 1 2 3 4 5 N/A 4.3 

 

How satisfied are you with current hand trucks with no lifting divice?   

Please circle the appropriate answer.      1 = very UNsatisfied          5 = very satisfied 
 

 Safety 1 2 3 4 5 N/A 4.5 

 Durability 1 2 3 4 5 N/A 5 

 Lifting Capacity 1 2 3 4 5 N/A 4 

 Lifting height 1 2 3 4 5 N/A 2.25 

 Ease of Maneuvering 1 2 3 4 5 N/A 4.25 

 Operation by 1 person  1 2 3 4 5 N/A 3.75 

 Ease of operation 1 2 3 4 5 N/A 3.75 

 Low Cost  1 2 3 4 5 N/A 4.5 

 Appearance 1 2 3 4 5 N/A 4 

 Platform size 1 2 3 4 5 N/A 2.5 

 

How much would you be willing to pay for this product? $50 $100,  $100-$200,  $200-$500 

              $500-$1000,  $1000-$2000  

Thank you for your time. 
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APPENDIX C – QUALITY FUNCTION DEPLOYMENT ANALYSIS  
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%

Safety 9 3 3 3 5.0 1.5 4.5 5.0 1.1 8.3 0.1 14%

Durability 1 1 1 1 3 3 3.8 1.2 5.0 5.0 1.0 4.5 0.1 7%

Lifting Capacity 1 1 1 1 9 3 4.3 1.2 4.0 5.0 1.3 6.4 0.1 10%

Lifting Height 9 3 1 3 9 4.3 1.2 2.3 5.0 2.2 11.3 0.2 19%

Ease of Manuvering 3 3.8 1.2 4.3 5.0 1.2 5.3 0.1 9%

Ease of Operation 9 3 9 3.8 1.3 3.8 5.0 1.3 6.5 0.1 11%

Cost 3 9 1 3 3 5.0 1.5 4.5 5.0 1.1 8.3 0.1 14%

Appearance 9 2.5 1.0 4.0 5.0 1.3 3.1 0.1 5%

Platform Size 9 3 3 1 4.3 1.2 2.8 4.0 1.5 7.4 0.1 12%

Abs. importance 3.19 0.41 1.10 1.40 0.29 0.46 1.23 1.57 3.21 4.09 8.1 61.2 1.0

Rel. importance 0.40 0.05 0.14 0.17 0.04 0.06 0.15 0.19 0.40 0.51 2.10

Daniel Poe
Hand Truck With
Integrated  Lift
9 = Strong
3 = Moderate
1 = Weak
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APPENDIX D – PRODJECT OBJECTIVES 
 

 The following is a list of product objectives and how they will be obtained or measured 

to ensure that the goal of the project was met. The product objectives will focus on a hand 

truck equipped with an electric powered lifting mechanism. 

Have Good lift height: 19% 

2.) Product will be able to lift a load 5.5ft off of ground. 

Safety:  14% 

 1.) Safety guards covering pinch points and moving parts. 

 2.) Power switch to disconnect power to the motor when attachment is not being used. 

 3.) Dead-man switch to stop drive when operator lets go. 

Affordable:  14% 

 1.)  The retail product will cost less than $1000 to purchase. 

Have Good platform size:  12% 

2.) Loading platform will be at least1.5’x1.5’ 

Easy to Use/Operate:  11% 

9.) The lifting mechanism will operate with a single three way switch for up, down and 

off positions.  

10.) Handles will be ergonomically designed for comfort.  

11.) The lifting mechanism will operate at less than 80 Decibels. 

12.) Recharging and lubrication should be the only routine maintenance required 

for the hand truck 

13.) Product will have an open design where components can be easily reached. 

14.) Product will be able to be wiped down with water or cleaner 

15.) Product will not exceed 3’x 3’x 6’ 

16.) Lifting Mechanism will be able to stop at any height between the minimum 

and maximum heights by releasing the switch. 

Have sufficient load capacity:  10% 

2.) Product will be able to lift at least 200 lbs. 

Easy to maneuver:  9% 

2.) Product will be able to be maneuvered by one person while under a load  

Durability:  7% 

 1.) Durability of the attachment measured by component life and proper design criteria 

specified in the following spec sheets: 

 -Motor Spec Sheet 

 -Battery Spec Sheet 

 -Gear Reduction Spec Sheet 

 2.) A factor of safety of 4(Mott, Mechanics of Material) will be used alongside the 

properties of the materials to be used to make the hand truck structure to ensure no 

structural failure occurs during repeated loading. 

 3.) Mechanical assembly will follow allowable torques of mechanical fasteners, 

electrical motor with gear reduction, and material strength of the lifting device. 

 4.) All electrical connections will be soldered and then covered with heat wrap as to 

assure of no loose connections or bare wires. 

5.) The lifting mechanism will be able raise and lower a load 50 times before needing 

recharged. 
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APPENDIX E – SCHEDULE 
 

 
 

 

Blue – Proposed schedule/on time 

Green – Item finished ahead of schedule 

Red – Item finished behind schedule 

Week Finish Design Report Draft 3D model Calculations Bill of Materials Order Materials Construct Prototype Testing and Rework Present

11/4 - 11/10

11/11 - 11/17

11/18 - 11/24

11/25 - 12/1

12/2 - 12/8

12/9 - 12/15 DESIGN FREEZE Exam Week/End of Fall Semester

12/16 - 12/22 Winter Break

12/23 - 12/29 Winter Break

12/30 - 1/5 Winter Break

1/6 - 1/12

1/13 - 1/19 Oral Report to Faculty and Report to Advisor

1/20 - 1/26

1/27 - 2/2

2/3 - 2/9

2/10 - 2/16

2/17 - 2/23

2/24 - 3/2

3/3 - 3/9

3/10 - 3/16

3/17 - 3/23

3/24 -3/30 Demo to Advisor

3/31 - 4/6 Expo

4/7 - 4/13 Oral Report to Faculty

4/14 - 4/20 Final Report to Advisor

4/21 - 4/27 Exam Week/End of Spring Semester/Commencement 4/27

4/28 - 5/4

Action
EVENTS

Project Schedule 

Hand Truck With Integrated Lift

Daniel Poe
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APPENDIX F – BUDGET AND PARTS LIST 
 

PROPOSED BUDGET 
 

 Hand Truck Frame and Wheels 

 $350 – Manufactured Parts 

 C-channel, Sheet metal parts, Bar stock… 

 $150 – Purchased Parts 

 Wheels, Hardware… 

 Lifting Mechanisim 

 $250 – Electrical Components 

 Winch, Battery, Switches… 

 $250 – Purchased Parts 

 Pulley, Eyebolts, wheels… 

 

Total Budget 

$1000 

 

ACTUAL BUDGET AND PARTS LIST 
 

 
 

 

Part Number Description Qty. Req. Units Vendor Vendor P/N Cost Total Cost

AISC - C 3x4.1 - 24 "C" Channel - C 3x4.1 - 24in long 1 EA Ackerman Steel AISC - C 3x4.1 - 24 $12.25 $12.25

AISC - C 3x4.1 - 60 "C" Channel - C 3x4.1 - 60in long 2 EA Ackerman Steel AISC - C 3x4.1 - 60 $30.75 $61.50

ANSI/AISC - 3/4 - 24 Round Bar 3/4in - 24in long 1 EA Ackerman Steel ANSI/AISC - 3/4 - 24 $12.00 $12.00

ANSI/AISC - 3/4 - 30 Round Bar 5/8in - 30in long 1 EA Ackerman Steel ANSI/AISC - 3/4 - 30 $10.00 $10.00

D01001 Base Plate 1 EA Welage Corp n/a $64.60 $64.60

D01002 Motor Mount 1 EA Welage Corp n/a $63.25 $63.25

D01003 Wheel 2 EA Uline n/a $24.95 $49.90

D01004 Wheel Mount 2 EA Welage Corp n/a $24.00 $48.00

D01005 Handle Mount 2 EA Welage Corp n/a $15.75 $31.50

D01006 Motor Mount Brace 2 EA Welage Corp n/a $8.50 $17.00

D02001 Lift Plate 1 EA Welage Corp n/a $185.00 $185.00

D02002 Pulley 1 EA Superwinch n/a $0.00 $0.00

D03001 LT2000 Winch with wire and hook 1 EA Superwinch 1220210 $70.14 $70.14

D03002 Battery, 12V 1 EA Interstate 71805K13 $55.00 $55.00

D03003 Battery Charger 1 EA Interstate 76025K12 $75.00 $75.00

NPN Wiring supplies 1 $39.95 $39.95

NPN Hardware NA

Total $795.09
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APPENDIX G – SHOP DRAWINGS 
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