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ABSTRACT 
 

 There are millions of people in the United States that for one reason or another are 

unable to use a conventional wheelbarrow or lawn cart to do yard work outdoors. The 

purpose of this design was to create a battery powered lawn cart that can be used by anyone. 

The goal was to produce a product that is affordable, easy to use, easy to store and designed 

with everyone in mind. The product will operate along with the user’s efforts to move the 

load from point A, to point B. 

 

 The process was carried out in the same manor that every other design process is. The 

goals were to survey potential customers and combine their input with the ideas of the 

designer to create at least three potential designs that would assist the customer in doing 

outdoor chores. These three designs were very conscious of the customer’s needs and 

requirements. By doing taking these requirements into consideration the design stood a better 

chance of being considered successful. Eventually, using a weighted decision method a best 

suitable design was chosen. From there all of the necessary calculations and fabrication took 

place.  

 

 Once the design and fabrication portions were complete the final step was to test the 

product and allow for potential customers to use the product and find out what they thought. 

From their input possible changes were identified and addressed. All of this led to the final 

finished product that is shown later in this report.   
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INTRODUCTION 
 

BACKGROUND 
 

 There are almost 1.7 million people living in the United States who for one reason or 

another have lost a limb (1). Of the 1.7 million amputees in the United States, many are still 

young and healthy enough to work outdoors. However, sometimes doing so may be a bit of a 

hassle. Depending on what limb was lost and where the amputation occurred can make all of 

the difference between a simple outdoor task and a tedious one. Similarly, men and women 

who have had lumpectomies and mastectomies as a result of breast cancer may also have 

trouble doing simple outdoor tasks. The reason for this is because they have had their Lymph 

nodes removed to get rid of the cancer, thus leaving them susceptible to Lymphedema. 

Lymphadema is an abnormal buildup of fluid that causes swelling, most often in the arms or 

legs. To avoid Lymphedema one of the most important things to do is to avoid over exertion 

of the affected area (2). This means no lifting, pulling, dragging or pushing heavy items.  

 

 For these millions of Americans outdoor tasks that have anything to do with moving 

lawn and garden related materials and items around the yard may seem physically 

impossible. Currently, the user’s choices for moving materials and waste around the yard are 

restricted to two main groups, which are items moved by the user’s power, or items moved 

by a machine’s power that is operated by the user. The simple answer to this question at first 

seems to be the second category is what these individuals need to use. However, a lawn cart 

that is towed behind a riding mower, all-terrain vehicle or some other means is not the 

answer at all, because this solution is expensive and requires a lot of storage space. 

Meanwhile the first category is no better because it requires the user to exert energy to 

overcome static forces, friction, and lift the majority of the load. Further investigation will 

soon show what the most common current available options are.  
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EXISTING PRODUCTS  
 

NEUTON BATTERY POWERED GARDEN CART 
 

 To begin researching products that are currently available an interview was conducted 

with Tim DeHaven who is the owner of DeHaven Home and Garden Showplace. When 

asked about what kind of lawn and garden carts were currently on the market Tim had a lot to 

say about different styles and what each is best for. He said that currently, there are hundreds 

of possible choices for the user to choose from. However, when it comes down to it the 

majority of the companies that offer lawn and garden carts all have the same basic design. He 

mentioned the difference from cart to cart is a paint job typically. When he was questioned 

about one cart that stood out from the rest he immediately spoke of the Neuton Battery 

Powered Garden Cart. He mentioned that he had not seen them available since 2008 (3).  

 

 The first possible product to be researched and analyzed will be the Neuton Battery 

Powered Garden Cart shown below in Figure 1.  

 

 
Figure 1 - Neuton Battery Powered Garden Cart 

 

 This cart falls into the second category that was previously discussed. It uses its own 

power and requires the operator to assist the cart by steering. After further investigation the 

cart used to be available to consumers but it is no longer produced. The company was bought 

out and the product was abandoned. This cart is capable of carrying 150 lbs. to 200 lbs. and 

traversing up a 20° slope. The cart is battery powered and will last 6 hours on a single charge 

(4). The product is estimated to have cost approximately $450.00 to $500.00 on average.  

 

 The product promises to be highly reliable. It is also supposed to be highly 

maneuverable and work in nice confined or slippery areas. It really doesn’t say much about 

its motor or drive system except that it has dual motors and transmissions and is also capable 

of 2 speeds. The motors and transmissions provide power to the two drive wheels that are 
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located at the front of the cart. The motors and transmissions are synced to work together to 

move the load. The rear wheel is a follower caster that provides the cart with 

maneuverability.  

 

 When looking at the Neuton cart it is obviously esthetically appealing and looks like it 

would be very manageable for anyone to operate. Where this cart falls short is with its 

materials used and the amount of weight that it is capable of moving. The product weighs 

approximately 71 lbs. which is pretty heavy for something that contains so much plastic. The 

goal for the new design is to be comparable in weight but it will contain stronger more 

durable material. Another downfall with the Neuton cart are the small wheels and the design. 

The small wheels make the bottom of the bin lower to the ground. This in return will require 

users to bend and reach down in the bottom. 

  

 Another feature that is a downside to this design is the handle configuration. From 

looking at different angles of the cart it appears that the handle and controls are set to one 

standard height which takes away all adjustability. Ergonomically it doesn’t seem like such a 

good design for people that are taller or shorter than average.   
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GORILLA DUMP CART 
 

 The next available cart is called the Gorilla Dump Cart which is pictured below in 

Figure 2 – Gorilla Dump Cart, and its main advantage is that it is capable of carrying 1,200 

lbs. It also has the ability to even dumping a load of material (5). However, there is some 

vagueness in the description for this product. It does not specify how much weight it can 

dump and with what effort the dumping action can be carried out. This cart is like most 

garden carts that will be found when carrying out research. It seems this wagon style is the 

most available style, which most likely means it is the most purchased style. This product 

ranges from $95.00 to $165.00. A cart like this is pretty much available at any big box lawn 

and garden center. These carts are proven but some customers find some little issues that they 

accept because this cart is so useful and inexpensive.  

 

 The major downside to this cart is that it is big bulky, and heavy. The spec sheet for this 

cart is available in Figure 3 - Gorilla Spec Sheet. There are however many positives about 

this cart that the spec sheet does not cover. When looking at the tires it is obvious that they 

are large and knobby, which means they probably get great traction. The larger tires raise the 

load and unload height of the cart. What would make this cart better in terms of loading and 

unloading is if the other 3 sides of the cart were removable and not just the back panel. 

Another advantage this cart has over most is the unique handle design. It takes the form of a 

basic wagon handle but at the end it has a large D handle that will allow the user to get two 

hands on the handle. It also has a feature to remove the handle and use a hitch pin system to 

hook it up to an all-terrain vehicle or lawn mower.  

 

 
Figure 2 - Gorilla Dump Cart 

 

 
Figure 3 – Gorilla Spec Sheet 
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FARM-TUFF NURSERY WAGON 
 

 Another interview was conducted with a man named Gabe Lehman. Gabe has been a 

long time Lawn and Garden/Nursery manager at The Anderson’s General Store (Ohio store 

front for agricultural supplier). When asked what all of the different Anderson stores use in 

their outdoor nurseries he spoke of a plain wagon style garden cart. He said specifically they 

use the Farm-Tuff Wagon because it is a product they sell in the store. He said the price point 

of the cart and its reliability are the biggest advantages of this cart (6). 

 

 After some research it was found that this style of garden cart is widely available in 

many outdoor lawn and garden stores because it is a flatbed wagon style garden cart. This 

cart is made by multiple companies with the same basic features. When looking at the cart in 

Figure 4 – Farm-Tuff Nursery Wagon, one will see that this cart really is very basic. 

However it can be found in use at most nurseries because of the fact that it is a flat bed style 

with no sides and it is able to hold 1,000 lbs (7). The cart has average size tires (10 inches) 

and a reasonable load and unload height (14 inches). This cart is plain and basic but it is very 

reliable because it is made from steel, sheet metal, and aluminum. The cart does a good job 

weathering the elements because it has a thick powder coating to protect the steel and 

aluminum. This cart retails on the internet for $89.00 to $120.00, and ones just like this can 

be purchased at most big box store garden centers for $99.99. The appeal of this cart is the 

capacity and the price. For a customer trying to carry a load of loose bulk mulch, or stone this 

cart is impractical. This specific cart pictured is called a Farm-Tuff Nursery Wagon. The full 

spec sheet can be found on the next page in Figure 5 – Farm-Tuff Specs. The size of this cart 

is also very reasonable because it is fairly lightweight. It is very manageable to handle and 

move around when not loaded up. This cart is longer and narrower than the Gorilla Dump 

Cart.  

 

 
Figure 4 - Farm-Tuff Nursery Wagon 
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Figure 5 – Farm-Tuff Specs
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LITTLE GIANT FLATBED CART 
 

 The final cart style that is being researched for this project is a low to the ground pull 

flatbed cart as pictured below in Figure 6. This product is something that many people would 

actually use while shopping at the garden center or throughout the big box stores. While this 

may not seem practical for use outside it is typically used in garden centers with paved 

walkways due to the fact that it has such a large load capacity. According to Little Giant their 

product has a 2400 lb. capacity (8). The handle is at an appropriate height for many users, 

however the cart sits very low to the ground so the load and unload height will be lower as 

well. The flatbed cart also has polyurethane coated casters that allow the cart to roll very 

easily on smooth surfaces. It contains two swivel casters back by the handle and two fixed 

casters at the front end. This allows for the user to either push or pull the cart, however, it is 

typically easier to pull the cart in terms of steering and maneuverability. This cart retails for 

$299.00, so while it is not practical for yard work there is a connection and possible use for a 

cart like this. This cart is called the Little Giant Heavy Duty Flatbed Cart.   

 

 
Figure 6 - Little Giant Flatbed Cart 
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EXISTING PRODUCTS SUMMARY 
 

 These 4 carts are examples of the 4 styles of lawn carts on the market and available for 

the most part to customers to use when it comes to outdoor work. Garden carts and wagons 

are an item like lawn mowers these days. One company comes up with a simple basic design 

and then licenses the design to all companies on the market so there are many common 

elements. For the most part the only real differences that can be found when you search 

garden carts will be the esthetics. There are a few minor design differences between carts but 

these 4 carts cover the basic design and some upgraded features. These features will be taken 

into consideration when coming up with a new lawn and garden cart to be used around the 

consumer’s yard.   
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COMPONENT RESEARCH  
 

TRANSAXLE DC MOTOR 
 

 A company by the name of Imperial Electric which is a subsidiary of Kinetek is based 

out of Akron, Ohio. They specialize in producing custom application AC and DC motors and 

drives. Their products are used in a wide variety of industrial applications from floor 

scrubbers to commercial food equipment. A base design that they build off of is called the 

Model 318 Standard Duty Transaxle. It features a 24V, 0.75 hp DC motor that operates in 

both directions (with proper controller) and it has magnetic E-brakes built into the motors for 

additional safety (9). This motor seems like it would be a very potential motor for use in the 

design of this cart.  

 

 

 
Figure 7 - Model 318 Transaxle Motor 
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TELCO MOTION WHEELCHAIR GEAR MOTOR 
 

 Telco Motion is a brand name for the motor and drive division of Telco Intercontinental 

Corporation. They are a major supplier of electric motors to the mobility industry especially 

for heavy duty wheelchairs. Their motors are designed for heavier loads than most motors on 

electric wheelchairs or scooters. They have load ranges that go from 280 lbs. to 1000 lbs. The 

motor being researched for this product is the GZD082-30. It is a 24V motor that is capable 

of moving loads up to 600 lbs. It operates at 3 amps and approximately 4200 rpm (10).  

 

 
Figure 8 - Wheelchair Gear Motor 
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JAZZY ELITE HD POWER WHEELCHAIR 
 

 This power wheelchair incorporates so many pieces that would really work well in the 

design of a garden cart. The frame of this wheelchair is designed to the hold the weight of the 

components plus 450 lbs. to 500 lbs. (the passenger). The frame on this wheelchair could 

easily be made more robust by simply using stronger materials. The controller used on this 

wheelchair is a Penny & Giles 60 amp signals controller that is capable of adjustability 

through computer programming. When paired with a joystick controller and two DC motors 

this product will allow for flawless power control to the motors that allow for seamless 

turning and maneuverability. The Jazzy Elite HD is capable of achieving 4 mph with a load 

while going up a 6° incline (11).  

 

 

 
Figure 9 - Jazzy Elite HD
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CUSTOMER FEEDBACK, FEATURES AND OBJECTIVES  
 

SURVEY ANALYSIS  
 

 The design team came up with a two part survey that would ask possible customers to 

rank identified customer features in terms of importance. The ranking would go from 1 to 5, 

1 being low importance and 5 being high importance. All of the numbers in between would 

fall into rankings accordingly. The customer also had an opportunity to answer “not 

applicable” if they felt the feature did not pertain to the design. All together 31 total customer 

surveys were handed out and filled out by the following groups of consumers: customers at 

garden centers, people with medical issues described in the background portion and people 

who would possibly want to own a power driven garden cart. This survey is considered to be 

statistically valid considering more than 30 consumers were surveyed and their thoughts were 

recorded accurately. Table 1 below shows a chart that is an overview of the average results 

from the survey. The full survey, final results and frequencies of each feature can be found in 

Appendix B.  

 

 
Table 1 - Customer Survey Results 

Product Feature Average 

Safe  4.5 

Low cost 4.5 

Durable 4.4 

Powerful 4.3 

Easy to use 4.0 

Easy to load/unload 4.0 

Easy to maneuver 3.8 

Easy to assemble 3.7 

Appropriately sized 3.5 
 

 

 Above you can see a table that contains each specific product feature that was chosen by 

the design team to be considered as important to customers. When looking at the results it is 

obvious what criteria the design must meet to be considered a successful solution to the 

problem statement. The feature most valued by customers is safety and the feature least 

valued is the size. By looking at the results it is obvious that every customer surveyed in 

some way values every feature because there are zero “Not Applicable” responses. The next 

portion of the survey asked customers about their current satisfaction of what is currently 

available but only if they owned one. The results to this portion of the survey are below in 

Table 2 – Current Customer Satisfaction. 
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Table 2 - Current Customer Satisfaction 

Product Feature Average 

Low cost 4.5 

Appropriately sized 4.2 

Safe  4.1 

Easy to use 3.6 

Easy to load/unload 3.2 

Durable 3.2 

Powerful 2.8 

Easy to assemble 2.5 

Easy to maneuver 2.4 
 

 

 From looking at the current customer satisfaction it is apparent that what the customers 

value most is the low cost. This will possibly be tough criteria for the new design to meet 

considering it will be power driven versus a manual cart. That being said, the design team 

can always design the new product to be cost efficient and effective. While the final product 

may not be $100 cheap it can still be considered to be affordable and reasonable for what it 

accomplishes. There were 7 customers who did not even own a garden cart currently and 

when asked why the typical answer was something along the lines of they were too big and 

bulky or they weren’t worth the money spent because they didn’t last.  

 

 The final portion of the survey was a question that asked what the potential customer 

would be willing to spend on a power driven garden cart. The results to this portion of the 

survey are below in Table 3 – Customer Defined Pricing.  

 
Table 3 - Customer Defined Pricing 

$100 - $150 $150 - $200 $200 - $250 $250 - $300 $300 - $350 $350 - $400 

3 6 7 11 3 1 
 

 It appears that the majority of the customers who would potentially purchase this cart 

would be most likely to purchase it if the price was between $250 and $300. That being said 

if the price was less than $250 the 11 customers would still probably be interested because 

they would be saving money.  
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CUSTOMER FEATURES & IMPORTANCE WEIGHTS 
 

 The results of the survey allowed for a quality function deployment analysis to be done. 

Some people may know these diagrams as a house of quality. Essentially, these surveys and 

the QFD have defined what the most important features are to the customers and what weight 

should be assigned to the feature in terms of importance for design success. In this exercise 

the design team would decide if there was a strong, moderate, weak or no correlation, 

between customer product features and engineering characteristics chosen to evaluate the 

design. The results to this activity are shown below in Table 4- Customer Features and 

Importance Weights.  

 
Table 4 - Customer Features and Importance Weights 

 
 

 

 By looking at each feature, and the highlighted blue columns one can see what the 

average importance to the customers surveyed was and how that turned into a percentage or 

weight for the project objectives. The second column is the customer’s current satisfaction 

with any kind of garden cart that they use. The QFD carried out by the design team does not 

show that safety is most important to the customer because the relative percent that it carries 

is only 11% but that is because the design team decided that being powerful, durable, easy to 

maneuver, and easy to load/unload were a little more important. That being said, the design 

team still values the safety of its customers and anyone using the final product but this cart 

will be pretty safe no matter what it looks like or how it functions. The design team would 

never produce a product that was not safe for its customers to use.  

 

 The designer’s multiplier is used by the design team to increase the importance weight 

of a feature that the customer’s might have overlooked. The design team looks at three sets of 

satisfaction when it comes to the customers and each feature. They evaluate the customer’s 
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desired satisfaction, the current satisfaction and finally the design team’s planned customer 

satisfaction with the new product. For this design the team chose to give a multiplier greater 

than 1.0 to every feature except cost and durability. The team felt it was necessary to really 

exceed customer expectations to achieve a successful design. For instance the desired 

customer satisfaction for the power feature is on average 4.3 out of 5.0 however the team 

used a 1.2 multiplier to hopefully achieve a target satisfaction of 5.0 out of 5.0. The reason 

for doing this is because the team wants customers to feel like this product is powerful 

enough for any application that is within safety limits of the cart (payload limit). The team 

used the multiplier in other places to exceed customer expectations and make this the best 

and only garden cart that customers will need to buy. 
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ENGINEERING CHARACTERISTICS 
 

 Below in Table 5 are the engineering characteristics that the design team decided would 

be important to this design. The relative weights for these characteristics came from the QFD 

exercise where the team decided the amount of correlation between characteristic and 

feature. The characteristics identified to measure the design were size, payload weight, 

material selection, assembly time, finishes and coatings, horsepower, e-stop braking, single 

hand operation, and finally shape. All of these characteristics are important but according to 

the numbers above the most important ones are the size of the cart, the amount of weight it 

can transport, horsepower and the material it is made of (durable and strong). From looking 

at just those characteristics one can conclude that the design team wants to build an 

appropriately sized, durable and powerful garden cart that is capable of doing more with less 

user effort. 

 
Table 5 - Engineering Characteristics and Importance Weights 
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PRODUCT FEATURES AND OBJECTIVES 
 

 The results from the QFD are used to find a relative percent for what each customer 

product feature means to the overall design. The results are organized by weight from highest 

to lowest and called the product objectives.  
  

 The following is a list of product objectives that will later serve as a guide for the project 

to determine if the design criteria were met and it was a successful design.  
 

 

1. Powerful    (16%) 

a. The final design and product will have enough power among other things to 

safely move the payload on 20% grade which will allow the user to traverse 

small hills found in modern landscape design.  

b. The garden cart will have a rigid frame that will allow for a payload in the 250 

to 300 lb. range ensuring that the customer can move everything they need 

easily. 

 

2. Durable    (12%) 

a. The cart will be made of weather resistant materials to withstand anything and 

everything mother nature will do to it if left outside. 

i. Powder coated steel or aluminum 

ii. Stainless steel nuts, bolts and washer assemblies 

iii. Heavy duty ABS plastic  

b. Due to the cost of this cart most likely being more expensive than 

conventional carts the materials and cart will need to have a life cycle of at 

least 10 years. 

 

3. Easy to maneuver    (12%)   

a. The cart should be easy to maneuver using its forward and reverse power 

control, which will be easily accessible on the control panel. 

b. The steering system should be able to achieve zero turn radius for turning on a 

dime.  

 

4. Easy to load/unload    (12%) 

a. The cart’s load height should be no greater than 33 inches (with sides up) to 

ensure reduced lifting and bending requirement.  

 

5. Easy to assemble    (12%)  

a. The only required actions will be for the customer to put the tires on axle 

assembly, and assembly of the hand control unit. 

i. Maximum of 10 steps to achieve a final assembly. 

ii. Requires only Phillips head screw driver,  ¼” wrench, & pliers 

b. The final assembly should be quick. It should take the average person less 

than 20 minutes.  
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6. Safe    (11%) 

a. To ensure nothing can get caught or tangled in the drive mechanism it will be 

covered or shielded. 

b. The product will use an E-stop brake for when not under power or in use.  

c. All warnings and labels will be clearly marked like load limits of 250 – 300 

lbs. will be posted somewhere easy for the user to see.  

d. The cart will contain attachable sides that can be used to secure any load 

 

7. Easy to use    (10%) 

a. Since this cart is mainly designed for those who need added convenience to 

their garden cart, the controls will be mounted on the handle assembly for one 

handed operation.  

b. The cart will contain variable height hand controls for users from 4’10 to 6’2. 

Adjustability is the biggest key for this to work for anyone and everyone. 

 

8. Low Cost    (8%) 

a. As identified by the customer surveys the garden cart should cost less than 

$400 at retailers. 

 

9. Appropriately sized    (6%)  

a. The design is intended to be compact and convenient to take in and out of 

storage so it should be less than 30 inches wide to fit through doorways. 

b. Once again the payload max should be 300 lbs. and it should contain 

approximately 5.5 cubic feet of storage space with the sides on.  

 

 After defining the objectives and the importance weights the next thing will be to come 

up with a project schedule and budget. These will be used to keep the project focused, on 

time, and on budget so as to not fall behind and not overspend.  
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CONCEPT GENERATION AND SELECTION  
 

3 WHEEL RECTANGULAR FRAME DESIGN 
 

 The first concept in Figure 10 will be called the 3 Wheel Rectangular Frame Design. The 

main idea for this design was derived from the operation of a fork lift truck. When the design 

is observed it is obvious that the cart operates with 2 fixed wheels in the front and one swivel 

wheel in the back of the cart. The idea behind the 3 wheel design is to allow for easy 

maneuvering. The swivel caster will allow for the cart to be very easy to use in tight spaces. 

The front two wheels will both be driven by a single motor, and differential. This design is 

29.5 inches wide and 36 inches long (excludes the length and angle of handle). This design is 

the largest design possible to stay within the limits of the project. An important factor for this 

garden cart is the size and the bin, on this design it would be approximately 9 cubic feet. To 

find a power source and motor capable of moving that much material around would be pretty 

difficult to do. The sides of this bin are designed to remain fixed together at all times, causing 

the user to lift up and over the sides. The frame is designed to be mainly square tubing, along 

with some rectangular and round tubing for the handle bars. The ground clearance on this 

design is only 4.5 inches because of the battery and motor box mounted in the front. The tires 

used for this design are 3, 10 inch flat free tires. Finally the handle bars on this design are at a 

fixed height and angle. The height of the handle bars will always be 35 inches. While that 

height is reasonable for many people it is not adjustable at all.  

 

 

 
Figure 10 - 3 Wheel Rectangular Frame Design 
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4 WHEEL SINGLE BEAM FRAME DESIGN 
 

 This frame is based off the Jazzy Elite HD’s frame. The major support in this frame is a 

single beam through the middle of the frame. The beam in the Jazzy is a 2” x 1” x 0.065” 

rectangular steel tube. However, the new more robust design consists of 2” x 1.25” x 0.125” 

AISI 4340 Normalized steel rectangular tubing. The yield strength on this tubing is 142 ksi 

and the ultimate strength is 161 ksi. This will prove to be more than enough to hold the 

forces that will be applied to the frame. In Figure 11 it is apparent to see the larger center 

beam that will carry the majority of the load along with the 0.375” steel plate gusset. This 

design utilizes a 5.63 cubic foot hopper that will feature 4 sides (not shown for better lower 

frame viewing), three of which are removable. It will also have 2, 10 inch tires in the front 

that will be connected to the drive motors, and it will have 2, 6 inch swivel tires in the rear 

that will allow for easy turning. The total length of the cart from rear wheels to end of the 

hopper will be approximately 35 inches, and it will be 26 inches wide from front tire to front 

tire. The motors on this design will be mounted directly to the front wheels on the mounting 

brackets that can be seen. The batteries will be placed on the longest portion of the single 

beam in a battery box. This design should allow for a reasonable amount of material to be 

handled easily. There is no handle bar on this design because the user will hold the control 

device in their hand and walk next to the cart. This cart is mainly rectangular tubing, sheet 

metal and steel plate.  

 

 

 
Figure 11 - 4 Wheel Single Beam Design
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4 WHEEL A FRAME DESIGN 
 

 In Figure 12 below the 4 Wheel A Frame Design is shown. From a first look it is easy to 

see that this design is very appealing to the eyes. This design contains 4 wheels so it might be 

more stable than the first design. The 2 wheels in the back of the cart are 8 inch smooth 

swivel tires used for steering and maneuvering, while the 2 front tires are 13 inch flat free 

tires. The dimensions for this cart are noticeably narrower than the other 2 designs. The bin 

on this cart is 22 inches wide and 30 inches long with sides that are 14 inches tall. Like the 

previous design this cart also contains the 3 removable panel sides. This cart is capable of 

carrying approximately 5.35 cubic feet of material. This cart also contains a place in the 

undercarriage for the battery, motor, and differential while still allowing for almost 8 inches 

of ground clearance. The battery is not as easily accessible as it is in the first design but it is 

still fairly easy to get to. This design also contains easily adjustable handle bars. The height is 

adjusted by simply turning the black knobs on the side. This is a no tool required adjustment 

that ranges from 30 inches to 46 inches. This frame contains far less material than the first 

design but more than the second design. It has an efficient use of materials which include 

rectangular and round tubing.  

 

 
Figure 12- 4 Wheel A Frame Design 
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WEIGHTED DECISION MATRIX 
 

 

Table 6 - Weighted Decision Matrix 

  

3 Wheel Rectang. 

Frame 

4 Wheel  

Single Beam 

4 Wheel  

A-Frame 

Design Criteria Weight Rating Rating Rating Score Rating Score 

Appropriate Size 0.24 3 0.73 5 1.22 5 1.22 

Payload Weight 0.22 4 0.89 4 0.89 4 0.89 

Horsepower  0.13 4 0.53 4 0.53 4 0.53 

Shape 0.12 3 0.35 5 0.58 4 0.47 

Material Selection 0.09 4 0.36 4 0.36 4 0.36 

E-Stop Braking 0.07 4 0.28 4 0.28 4 0.28 

Single Hand 

Operation 0.06 3 0.17 5 0.29 4 0.23 

Assembly Time 0.04 3 0.12 5 0.20 4 0.16 

Finishes & 

Coatings 0.02 4 0.09 4 0.09 4 0.09 

Total Score 1.00 

 

3.54 

 

4.46 

 

4.24 

Rank 
  

3 
 

1 
 

2 

 

 

 When using the weighted decision method the design that is most likely to be successful 

is design number 2, which is the 4 Wheel Single Beam Design. Using the engineering 

characteristics listed above as the weighted criteria it is obvious that many things will be 

constant for each design. However the biggest decision factors that weren’t constant were the 

size and shape. The payload weight of each design exceeded the 300 lb limit set in the 

product specifications, so it was set as a constant for all designs. Also all designs took into 

consideration a minimum of a 200W motor so the horsepower for each design would be the 

same. Design number 2 has the most compact size while still meeting requirements and it has 

an appealing, easy to use shape that gives an overall score of 4.46 which is better than the 

other two designs. 
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ASSEMBLY SPECIFICS 
 

 In Figure 13 it is now easier to see an essentials only view of the frame for the chosen 

design. The design is simple and clean. It will require 2 inch by 1.25 inch rectangular AISI 

4340 tubing with a side wall that is 1/8 inch thick. This tubing will be used for the main beam 

that runs throughout. The center post that carries a big portion of the load will be made from 

2.5 inch by 0.125 inch wall steel pipe. The top plate is 0.25 inch low carbon steel plate that 

will support the hopper. The design will also require 14 gauge sheet metal for the battery box 

and the hopper. The bin will be outlined with A500 2 inch by 1 inch rectangular steel tubing 

that has 1/16 inch thick wall. The entire cart frame will be welded together using a stick 

welding technique. Some mechanical fasteners will be used to secure the top to the frame of 

the hopper and also to attach the motors to the front brackets. All 4 tires and bearings will be 

purchased as off the shelf items. The cart will be powered by 2, 24 volt rechargeable batteries 

that are connected to the Penny & Giles 60 amp signal controller, which is connected to 2, 

Telco motors that operate at 4200 rpm and 3 amps.  

 

 
Figure 13 - Single Beam Frame Only 

 

 

 Below in Figure 14 is a drawing of the cart (without sides) that contains the dimensions 

of the final accepted design. The final dimensions are 35.3 inches long and 20 inches tall.  

 

 

 
Figure 14 - Dimensioned Cart
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CALCULATIONS 
 

 The most important calculation for this design is going to be the stresses in the center 

post. The current frame design is used in a mobility chair that is designed to hold the weight 

of the components plus almost 500 lbs. The mobility chair without a load weighs 149 lbs. 

The frame designed above with components should weigh approximately 128 lbs. and it is 

made from more robust materials so the shear and bending in the frame is not going to be an 

issue. The biggest issue that could arise is the stress on the center post when a load is applied 

to the outer most edge of the hopper. This will cause the bottom of the post to be in both 

compression and tension. These combined stresses are the reason that the post has been 

inserted in a hole around the gusset.  

  

𝐶𝑒𝑛𝑡𝑒𝑟 𝑃𝑜𝑠𝑡 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑡𝑟𝑒𝑠𝑠 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The equations and calculations used below are based off of the free body diagrams 

shown in Figure 15.  
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Figure 15 - Free Body Diagram of Post & Hopper Top 
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 By using those equations the combined stress in the post was calculated. Since it was a 

design problem the safety factor (N) was set to 12 for impact loading. The final values for the 

calculations were that the force (F) was set to 450 lbs. This was used because I wanted to 

overshoot the actual intended load. I came to 450 lbs. because with the dimensions of the 

hopper set that is how much sand would fit in that volume of space. The cross sectional area 

(A) of the post was found to be 0.897 in
2
. From those values the axial compressive stresses 

(𝜎𝑎) in the pipe were found to be 501.67 psi. After that set of calculations the next step was 

to find the bending stresses (𝜎𝑏) on the post. To accomplish this the moment (M) was found 

using the force and the distance it is applied from the center of the post (X). By setting F = 

450 lbs. and X = 14.50 inches, M = 6525 in lbs. The next value required to find the bending 

stress was to find c and I. The c in this problem is simply 1.25 inches and the I value was 

equal to 0.6369 in
4
. These values then made 𝜎𝑏= to 12806.17 psi. After that was found the 

combined stress 𝜎𝑐  was found to be 13307.8 psi.  

 

 Once the combined stress was found it was used with the safety factor of 12 to find the 

ultimate strength necessary for the post not to fail. The ultimate strength was found to be 

approximately 160,000 psi. The suitable material for this was AISI 4340 Normalized steel 

pipe.  

 

 

 The majority of the time the load will be evenly distributed over the top of the hopper 

and in the 250 lb. to 300 lb. range if properly used. However, should an overloading 

condition ever occur that is on the outermost edge the post will be able to handle the 

compressive and tensile stresses. 
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COMPONENT SELECTION 
 

 Components were selected based on availability and price. All of the necessary 

components were easy to get because they were stock items at all of the necessary supply 

facilities. Some materials were over purchased just simply due to minimum costs and length 

requirements.  

 

 
Table 7- Bill of Purchased Materials 

Bill of Purchased Materials 

Material Qty. 

2" x 1.25" x 0.125" AISI 4340 Rectangular Steel Tubing 18' 

2” x 1” x 0.065” A500 Rectangular Steel Tubing 10' 

14 Gauge Steel Sheet Metal 4' x 8' 

0.25” Low Carbon Steel Plate 2’ x 2’ 

0.375” Low Carbon Steel Plate 2’ x 2’ 

0.75” x 0.75” Steel Tubing 16’ 

1” x 0.065” Wall Round Tubing 4’ 

10" Pneumatic Tire on Wheel 2 

6" Marathon Flat Free Tire on Wheel 2 

4.5” Mower Deck Wheel 2 

Telco Power Wheelchair Gear Motor 2 

Penny & Giles 60 Amp Signals Controller 1 

Sail 24 Volt Rechargeable Battery 2 

Recharging System 1 

Power Wiring Harness 2 

Penny & Giles Joystick Controller 1 

Razor Scooter Suspension Spring 4 

E6010 3/32” Welding Rods 1 

Rustoleum Truck Bed Liner Spray Can 3 

Miscellaneous Hardware   
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FABRICATION 
 

PICTURES OF PROGRESS 
 

 The fabrication of the base was completed in 1 day by a friend who was helping, so 

unfortunately there are no in process pictures. There are only fully welded pictures, and then 

pictures from assembly of components. The entire base was welded using 3/32” E6010 

welding rods.  

 

 
Figure 16 - Motor Installed 

 

 From Figure 16 it is clear to see that the left front motor and suspension springs have 

been installed. If you look closely in the picture you can also the locking mechanism for the 

drive of the motor. It is the gray handle on the right side of the picture. Currently it is in the 

free spin or unlocked position. The motor is bolted to the bracket with 3, 5/8” bolts and nuts.  

 

 
Figure 17 - Semi Assembled Base Cart 
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 In Figure 17, the Penny & Giles signal controller is being wired up to the motors and the 

batteries. If you look at the front end of the cart you will notice the two round bars that stick 

out of the front portion of the suspension springs. These bars were added after the initial 

design along with the suspension springs. These were part of an attempt to keep the cart from 

tipping forward when going down a hill or over bumps. The final assembly picture will have 

2 mower deck wheels attached to the tip bars. In Figure 17 the center post was not yet welded 

to the base plate for the hopper. However, if you look below at Figure 18, you will see both 

of the mower deck wheels and the base plate attached.  

 

 
Figure 18 - Fully Assembled Base Cart 

 

 

 
Figure 19 - Hopper Fabrication 

 

 Figure 19 shows the hopper being fabricated. In the picture 2 of the sides are attached in 

place by being slid into their slots. The slot system is the removable side system that was 

chosen for the final design. 3 of the sides will be removable while the 4
th

 is welded for 

support. The hopper was fabricated using power shears to cut the sheet metal, cut-off wheels 
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on a grinder to cut the steel and finally it was a combination of mig and stick welding. When 

mig welding 0.030” steel core wire was used and when the frame was stick welded it was 

done using 3/32” E6010 welding rods.  

 

 
Figure 20 - Finished Cart 

 

 Figure 20 is the finished product with one of the sides removed for easy viewing. The 

entire cart was coated twice with Rustoleum Spray Bed Liner. This gave the cart a durable, 

weather resistant finish that was affordable and practical. By applying two coats the 

protection will be fairly thick. Figure 20 also shows the joystick controller hung over the 

back side.   
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TESTING 
 

FINAL RESULTS 
 

 The main ways this design was tested were loading conditions, weld inspection, power, 

and safety. To begin the cart was load tested with approximately 310 lbs. after initial 

fabrication was complete. This testing was very crude because it was done spur of the 

moment out of excitement. However, the cart did hold as you can see in Figure 21 below.  

 

 
Figure 21 - Initial Load Testing 

 

 As you can see this was a very crude static load testing. However, it was a moment of 

relief because the welds held and there was no visible bending. Later in the week proper 

static load testing was carried out. In Figure 22 multiple things were being tested. The load in 

the cart was 350 lbs. (7, 50 lb. bags of sand), it was stopped on an incline of approximately 

15% grade (8.5°), and it was later driven the rest of the way up the incline at a speed close to 

3 mph. The safety portion of the testing is when the cart was stopped and the E-brakes were 

engaged on the incline for a few minutes.  

 

 
Figure 22 - Multiple Testing 
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 For the welding inspection a special instrument was used that would identify cracks in 

the welds. The instrument was a MagnaFlux yoke kit that used the dry inspection method 

with non-fluorescent particles. This process is known as Magnetic Particle Inspection. By 

passing a current perpendicular to the weld it becomes magnetized which attracts the 

particles to any cracks. The particles will pile up around the welds if they contain cracks. In 

Figure 23 you can see the fabricator testing the base plate that was welded together before 

being welded to the hopper. The MPI process was carried out twice on the cart. Once when 

the cart was initially welded and once after the cart was tested.  

 

 
Figure 23 – MPI 

  

 The testing for the power was the only test that I would consider to be inconclusive. 

Currently, no 20% grade hills have been found that are public property. Everything is either 

way over 20% or 15% like the one used. That being said I feel that the cart performed well 

enough while being overloaded on the 15% that it could definitely perform as expected on a 

20% grade. 
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SCHEDULE AND BUDGET 
 

 The important dates are shown in Table 8 below. There were a few things that held up 

progress along the way. The 3-D modeling took a little longer than expected because I 

modeled all 3 concepts and I also had to measure the frame of the Jazzy Elite HD and 

compare it to the engineering drawing of the frame. In terms of the past due in fabrication 

and assembly I had some issues with one of the motors that I had. Initially, I bought a used 

motor which ended up seizing up with the E-brake engaged. That motor ended up being a 

complete loss which required me to purchase a third motor for the project causing me to run 

a little behind. This in turn pushed my testing back a little bit. However, you might notice 

that I made up some of those days behind when it came to the testing portion. I went from 

five days behind to two days behind.  

 

 
Table 8 - Schedule 

Task Date Due Date Done 

Proof of design to advisor 10/23/2012 10/23/2012 

Concept sketches 10/23/2012 10/23/2012 

3-D modeling 11/13/2012 11/19/2012 

Design Calculations 11/27/2012 11/27/2012 

Design freeze 12/12/2012 12/12/2012 

Material purchasing 12/21/2012 12/20/2012 

Fabrication & assembly 3/24/2013 3/29/2013 

Testing 4/1/2013 4/3/2013 

Final report 4/24/2013 4/24/2013  

 

 

 This project had a good budget to begin with; however, in the end I exceeded the budget. 

The biggest reason for that was because I had to buy three motors instead of two and they 

were slightly overpriced in the first place. Realistically if I would have bought two good 

motors in the first place I would have stayed within my budget. The second place that I went 

over the budget is the battery category. I didn’t take into consideration that I would have a 

core charge to pay since I had no battery to turn in. One thing that helped me make up some 

of the money I overspent was the fact that a friend did the fabrication work on the base cart 

for free. I was also able to find a charger for almost a third of what I budgeted. Below in 

Table 9 you can see exactly what was spent on each main category of the build. All of the 

values have been rounded for convenience.  
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Table 9 - Budget and Expenses 

Required Material Amount Planned Actual Amount 

Drivetrain & Motor $225.00  $510.00  

Hopper $130.00  $68.00  

Controls Assembly $110.00  $85.00  

Frame $95.00  $75.00  

Batteries $80.00  $95.00  

Charger $70.00  $25.00  

Wiring Harnesses $55.00  $30.00  

Paint & Coatings $45.00  $19.00  

Hardware $40.00  $15.00  

Total Project: $850.00  $922.00  

 

 If this battery powered cart were to actually be produced I think it is very reasonable to 

think that with some minor adjustments in the design and material selection it could be 

produced for approximately $350.00. I have to figure that I would be able to strike up 

partnerships with companies like Penny & Giles and Telco. Further investigation and testing 

could possibly show that I wouldn’t need so much welding done on the frame, maybe the 

product could have more mechanical fasteners.  

 

 



Power Driven Garden Cart James Kirk 

34 

CONCLUSION & RECOMMENDATIONS 
 

 As you can see this project was a great learning process and really allowed for me to 

understand the design process and how important every step is. Overall, I would say that I 

have a successful product. While I wasn’t able to find a 20% grade to test on I was able to 

find a 15% grade incline to test on. To compensate for the decrease in incline I overloaded 

the cart with 350 lbs. of sand bags. The results were good and what I would consider 

acceptable because the speed was just under 3 mph. The way I know that is because I 

measured the distance traveled and recorded the time and did a simple calculation to get 2.9 

mph. The final product was able to completely remove one of the product objectives which 

was an adjustable handle bar. By using the joystick controller I was able to get rid of the 

handle bar all together. This allows for the user to set the controller on the ground next to the 

them if they are in the flower beds they can move the cart without getting up.  

 

 If I were to continue improving my design there are a few changes that I would make. 

Instead of having insertable sides with latches I would change them to hinged sides. This will 

keep debris from falling down into the slots and clogging them. The next thing I would do is 

to lighten my hopper. Currently, I feel the hopper is too heavy. I could possibly test new 

designs and lighter material. Finally, I feel that I would change the tires for something just a 

little bigger in the front and back. I would also ensure that they have a more aggressive tread 

pattern.  
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Interview with nursery/lawn and garden owner & expert: Tim DeHaven of DeHaven 

Home and Garden Showplace.  775 Shawnee Road Lima, Ohio 45805.  09/07/12.  

Tim has 45+ years in the nursery/lawn and garden industry.  Owns two different garden 

centers (Lima & Findlay). Family owned and operated since 1953. A+ Better Business 

Bureau rating since May 1991. Nationally ranked as 67
th

 best garden center in U.S. A.  

Information acquired: Knew of one such design that sounded similar called the Neuton 

Garden Cart but he has not heard anything since 2008. Thinks they are focusing on 

lawnmowers and trimmers now but not sure.  

For the item to be useful it would need to be battery powered so that it would be desirable 

to an older crowd (“older consumers do not like to mess with gasoline or mixed fuel”).  

However, battery would have to be powerful enough to last and work the majority of the 

day. Will require more reliable and durable battery power than what most products 

contain today.  

Would seriously consider a product like this not only as a product line he would carry but 

also as a product he and his employees would use.  

He mentioned that I learn from the mistakes of most garden cart manufacturers. Most 

carts are big bulky and not maneuverable. Many carts that contain removable or 

collapsible sides are preferred but tend to have too high of loading and unloading height.  

Finally he said that he and his staff would gladly test and review and product that I was to 

come out with.  

 

 
Interview with Gabe Lehman, nursery/lawn and garden manager for The Andersons 

General Store (Columbus). 7000 Bent Tree Blvd. Columbus, Ohio 43235. 09/08/2012. 

Gabe has been with The Andersons now for 15+ years and the majority and department 

and assistant store manager. He has a good working relationship with his lawn and garden 

equipment suppliers as they have been working together now for many years.  

Information acquired: In terms of most garden carts “they are typically suited for the 

younger more durable bodied crowd” A lot of people with back and shoulder problems 

find garden carts and wheelbarrows cumbersome so they tend to not use them or maybe 

even hire out most work. 

By far the most popular cart he has seen is the Gorilla 2-in-1 wagon style cart and the 

plastic dump cart. However most people buying these appear to be in good shape with 

able bodies and ages would probably range 25 – 45 years old most of the time.  

These carts are bulky, heavy, and can be hard to maneuver when loaded.  

In terms of power it needs to be battery because people will not buy a gas engine product; 

many would consider it too much hassle.  

As a previous manager for sporting goods & toys too he recommended that it might not 

be a bad idea to pursue an accessory that would be aftermarket and convert any garden 

cart to power driven wagon for grandparents to take grandchildren for walks.   
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Neuton Electric Garden Cart 

 

 
 

 

Neuton has decided 

to stop producing 

these carts 

 

Cart says 200 lbs and 

150 lbs uphill but 

customers say 

otherwise so it must 

be underpowered.  

 

Requires user to lift 

all the way over the 

lip of the bin.  

New design to have 

possible flat bed with 

snap on sides. 

 

Does not allow for 

any dumping feature. 

Dumping feature 

sounds desirable.  

 

Packing says it ships 

71 lbs which seems 

heavy for this much 

plastic. 

 

 

 

 

 

 

http://www.drpower.com/prdSell.aspx?p1Name=ClearanceProdu

cts&Name=CEC_Garden_Cart 
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Gorilla 1,200 lb. Capacity 2-in-1 Dump Cart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This cart is oversized 

and way too big for 

the average home 

lawn & garden 

enthusiast.  

 

This cart is heavy 

and bulky and 

difficult to handle 

and operate for older 

or special case 

consumers. 

 

An ideal design 

would be much 

smaller but would 

still allow for a 

reasonable load 

capacity.  

 

Once again as is a 

very common 

problem the load and 

unload height is way 

too high.  

 

With a heavy load in 

the bed too much 

force is required to 

dump the load and 

overcome static 

forces necessary to 

move the cart. 

 

 

 

 

 

 

 

 

http://tricamindustries.com/products/lawn-and-garden-

carts/gorilla-carts/ 

Accessed September 28, 2012 
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Farm-Tuff Nursery Wagon 1000 lbs. Capacity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Realistically how 

many people will 

really utilize the cart 

with a 1000 lb. load? 

What does it take to 

overcome the static 

forces on a 1000 lb. 

load? Does it require 

ideal rolling 

conditions on paved 

surfaces?  

 

A major downside to 

this cart is that it 

simply only provides 

the user with a 

flatbed style of cart. 

No detachable sides 

or anything like that 

to store bulk 

material like dirt, 

sand or mulch.  

 

Steering on these 

look a little weak. 

According to 

customer reviews 

the steering yoke 

bolts tend to come 

undone and get lost, 

or they simply shear 

off, or you break the 

linkages.  

 

 

 

 

 

 

 

 

 

 

 

 

http://www.northerntool.com/shop/tools/product_477_477 

Accessed September 26, 2012 
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Little Giant Heavy Duty Flatbed Platform Cart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The wheels are very 

small and have no 

treads so they 

probably will not do 

well off of 

pavement.  

 

The cart alone 

weighs almost 100 

lbs. So, it is way too 

heavy. 

 

The cart itself is a 

little big for 

someone looking to 

do common outdoor 

work in the flower 

beds.  

 

The struggle of 

pulling and 

maneuvering this 

cart around the yard 

would be more 

troublesome than it 

is worth.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.handtrucks.com/carts/platform-

carts/littlegiantheavydutyplatformcart.cfm 

Accessed September 28, 2012 
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Imperial Electric Transaxle With DC Motor 

 

 

 

 

 
 

 

Great design for axle 

lengths under 25 

inches.  

 

Includes hubs press 

fit onto power shaft. 

 

Motor sizes and 

capabilities are 

endless.  

Range from 200 lb. 

loads to 2000 lb. 

axle loads.  

 

0.75 to 1.0 hp. 

36V & 24V  

 

2,000 hr brush life 

 

48 lbs. total 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://imperialelectric.com/products/model_318_standard_duty 
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Telco Motion Power Wheelchair Gear Motor 

 

 
 

 

 

 

 

Requires 1 motor per 

wheel.  

 

Available option for 

wheel flanges that 

bolt on. 

 

Motor sizes and 

capabilities are 

endless with ranges 

from 150 W to 1300 

Watts.  

 

Range from 280 lb. 

loads to 1000 lb. 

axle loads.  

 

24V & 3 Amps 

 

Company offers 

motor review and 

right sizing services. 

 

21 lbs. total 

 

 

 

 

 

 

 

 

 

 

http://www.telcointercon.com/Power-Wheelchair-Drive-

Gearmotor-id89.html 



 

Appendix A8   

 

Jazzy Elite HD Power Wheelchair  

 

 
 

 

 

 

 

Contains 

rechargeable battery 

system with life up 

to 4 hours.  

 

Penny & Giles 60 

Amp signals 

controller.  

 

P&G joystick 

controller. 

 

Payload up to 500 

lbs.  

 

Max speed 4 mph 

 

Battery charger in 

controller 

 

 

 

 

 

 

 

 

 

http://www.pridemobility.com/jazzy/jazzyelitehd.asp 

Source: Pictures taken when purchased 
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APPENDIX B – CUSTOMER SURVEY AND RESULTS 
 

POWER DRIVEN GARDEN CART CUSTOMER SURVEY 

 In today’s society there are some people that for various reasons have trouble pushing or 

pulling a lawn or garden cart once they have been loaded with heavy items. This issue affects 

many people of many different age ranges and abilities. This survey goes with a proposal for a 

Power Driven Lawn Cart that would be easy for anyone to use. If you don’t mind giving your 

input it would be greatly appreciated.  

 

How important is each feature to you for the design of the Power Driven Lawn Cart?  

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

Product Feature 1 2 3 4 5 N/A Average 

Safe  0 0 4 8 19 0 4.5 

Low Cost 0 0 3 10 18 0 4.5 

Durable 0 0 5 8 18 0 4.4 

Powerful 0 0 5 11 15 0 4.3 

Easy to Use 0 0 8 15 8 0 4.0 

Easy to load/unload 0 0 10 12 9 0 4.0 

Easy to maneuver 0 2 5 21 3 0 3.8 

Easy to assemble 0 2 9 15 5 0 3.7 

Appropriately Sized 0 2 14 12 3 0 3.5 

  

If you currently own and use a lawn cart of some kind how satisfied are you with it?   

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

 

Product Feature 1 2 3 4 5 N/A Average 

Low Cost 0 0 4 4 16 7 4.5 

Appropriately Sized 0 1 4 8 11 7 4.2 

Safe  0 2 3 10 9 7 4.1 

Easy to Use 0 3 8 9 4 7 3.6 

Easy to load/unload 2 4 8 7 3 7 3.2 

Durable 2 5 6 9 2 7 3.2 

Powerful 2 3 7 4 0 15 2.8 

Easy to assemble 5 7 7 4 1 7 2.5 

Easy to maneuver 6 8 7 1 2 7 2.4 

 

How much would you be willing to spend for a Power Driven Lawn Cart? 

  

$100 - $150 $150 - $200 $200 - $250 $250 - $300 $300 - $350 $350 - $400 

3 6 7 11 3 1 

   

Thank you for your time and your assistance.



 

Appendix C1 

 

APPENDIX C – QUALITY FUNCTION DEPLOYMENT ANALYSIS 
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APPENDIX D – PROJECT OBJECTIVES 
 

1. Powerful    (16%) 

a. Enough power to safely move payload on 20% grade 

b. Payload in the 250 to 300 lb. range 

 

2. Durable    (12%) 

a. Made of weather resistant materials 

i. Powder coated steel or aluminum 

ii. Stainless steel nuts, bolts and washer assemblies 

iii. Heavy duty ABS plastic  

b. Materials life cycle of at least 10 years 

 

3. Easy to maneuver    (12%)   

a. Forward and reverse power control 

b. Zero turn radius 

 

4. Easy to load/unload    (12%) 

a. Load height should be no greater than 33 inches (with sides on) 

 

5. Easy to assemble    (12%)  

a. Only required to put tires on axle assembly, and hand control assembly 

i. Maximum of 10 steps 

ii. Requires only Phillips head screw driver,  ¼” wrench, & pliers 

b. Quick assembly in under 20 minutes 

 

6. Safe    (11%) 

a. Drive mechanism will be covered or shielded 

b. E-stop brake for when not under power 

c. Load limits of 250 – 300 lbs. clearly posted  

d. Attachable sides that secure the load 

e. Tie down slots on the side for larger items 

 

7. Easy to use    (10%) 

a. Controls mounted on the handle assembly for one handed operation 

b. Variable height hand controls for users from 4’10 to 6’2 

 

8. Low Cost    (8%) 

a. Should cost less than $400 at retailers 

 

9. Appropriately sized    (6%)  

a. Should be less than 30 inches wide to fit through doorways 

b. Payload max of 300 lbs. and 5.5 cubic feet 
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APPENDIX E – SCHEDULE  
 

 

Task Date Due Date Done 

Proof of design to advisor 10/23/2012 10/23/2012 

Concept sketches 10/23/2012 10/23/2012 

3-D modeling 11/13/2012 11/19/2012 

Design Calculations 11/27/2012 11/27/2012 

Design freeze 12/12/2012 12/12/2012 

Material purchasing 12/21/2012 12/20/2012 

Fabrication & assembly 3/24/2013 3/29/2013 

Testing 4/1/2013 4/3/2013 

Final report 4/24/2013 4/24/2013  
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APPENDIX F – BUDGET 
 

 

Required Material Amount Planned Actual Amount 

Drivetrain & Motor $225.00  $510.00  

Hopper $130.00  $68.00  

Controls Assembly $110.00  $85.00  

Frame $95.00  $75.00  

Batteries $80.00  $95.00  

Charger $70.00  $25.00  

Wiring Harnesses $55.00  $30.00  

Paint & Coatings $45.00  $19.00  

Hardware $40.00  $15.00  

Total Project: $850.00  $922.00  

 


