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1 Problem Formulation 

1.1 Introduction 
Section one addressed the objective of Team Enterprise’s semester project and uses a Black Box 
Model to visually illustrate the problem, solution and result of the solution.  
 

1.2 Objective 
The objective of this design project is to create an exercise equipment cart for Zane Middle 
school that will store equipment in an organized and easily accessible fashion while also 
providing a mechanism that keeps jump ropes tangle and kink free. The design will use 
appropriate technology and upcycled materials that will embody the school spirit of Zane while 
inspiring children and adults to alternative and creative methods of design.  Figure 1 illustrates a 
black box model that describes the problem analysis.  

 

 

 

1.1  
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2 Introduction to Problem analysis  
The purpose of this problem analysis is to identify the appropriate criteria necessary for the 
equipment cart project in conjunction with the client’s wants and needs. This section will address 
the constraints associated with each criterion as well as include the specifications of the project, 
considerations, criteria, usage and production volume.  

2.1 Specifications 
The specifications for this project were determined based on the needs of the client. The 
maximum dimensions for the cart are 4 ft. L x 4.5 ft. H x 2.5 ft. W. These dimensions are 
necessary in order to accommodate for storage space and maneuverability. The cart must contain 
some type of platform that will hold plastic buckets for gym equipment, mechanisms for 
preventing jump ropes from tangling, and a space suitable for carry a speaker. Additionally, the 
cart must have wheels that can traverse both indoors and outdoors.  

2.2 Considerations 
The considerations of our client’s overall establishment, including space and personal are factors 
that will influence the projects final design. The first consideration is that this project will be 
servicing 6th to 8th grade students in an active and moving environment. Therefore, the cart 
must be durable and be able to withstand constant use by hundreds of students. The height, 
weight and mobility of the cart are key considerations when designing the cart in order to 
accommodate for students of different strengths and sizes, so that any student may help move the 
cart. The time constraint of the class period is also being taken into consideration, as the removal 
and replacement of the equipment on the cart must occur within one minute, as per the client’s 
request. Lastly, the aesthetics of the cart are also being taken into consideration to reflect the 
school and surrounding Humboldt spirit to better engage and inspire the students.  

2.3 Criteria and Constraints 
The criterion clearly characterizes measurable qualifications with respect to applying constraints 

in order to meet the client’s needs. Table 1 illustrates the various criteria and constraints that 
have been voiced by the client while also ensuring that the best quality product will be built.  

 
 
Table 1: Important criteria, its description and weight of importance. The weight is ranked from 0-10, where 10 is of the 
most importance 

Weight Criteria Criteria Description 
10 Safety Must not cause any harm to any person of use 
10 Jump Rope Capability Must be able to prevent any kinkiness or tangling 

7 Accessibility Materials must be easily accessed by students and teachers for 
immediate use and placed back onto the car 
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6 Durability Must be stable and able to withstand daily usage for long 
periods of time. 

5 Mobility Cart must be easily moveable by teachers & students when 
filled with equipment 

5 Material Weight Must be able to support at least 50  ropes, buckets, and 
speakers 

5 Maintenance Quick and easy to clean/ replace P.E. equipment  
4 Aesthetic Must embody the school spirit 

 

2.4 Usage and Production Volume 

2.4.1 Usage 
This equipment cart is being built for Zane Middle School and will be used by the 6th, 7th, and 
8th grade P.E. classes. The cart will be in use Monday through Friday during all active P.E. 
classes. This cart will serve as a mobile storage unit that will allow for the easy and safe 
transportation of all necessary P.E. equipment. This cart will house various types of jump ropes, 
resistance bands, double Dutch jump ropes, strength bands and will also transport a large 
speaker.  The cart will provide an easy method of transportation and storage, while also allowing 
the students to quickly retrieve the necessary equipment needed for that day's lesson. 
Additionally, the cart will enable easy clean up and will provide a method to prevent the jump 
ropes from tangling upon return to the cart.  
 

2.4.2 Volume 
This project only requires the construction of one single equipment cart. This single cart will 
house all the necessary P.E. equipment that will be needed by the instructor and students of Zane 
Middle School. 
 

2.5  Introduction to Literature Review 
Section 2.2 is a literature review of researched topics that are of importance to Team Enterprise’s 
J-cart project. This section includes client information, topics about child development and the 
importance of exercise in relation to children. It will also cover existing P.E cart ideas, current 
jump rope technology, and potential building materials and components that could be 
incorporated into the J-cart. 
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2.5.1 Client Information 

2.5.1.1  Overview 

Catherine L. Zane Middle School (ZMS) is located in Eureka, Ca and is home to the 
largest population of 6th-8th grade in and around Humboldt County, serving over 600 students. 
The aspect that makes Zane truly special is its financial, cultural, and circumstantial diversity 
within the student population (Hammons 2019). Due to this diversity, Zane is committed to 
providing for the needs of their students in a positive and creative learning environment that is 
beneficial to the growth and success of their students.  

2.5.1.2 Mission Statement 

The mission statement of Zane Middle School  “is to ensure that our students expand their 
knowledge and skills while enhancing their self-worth and personal responsibility within a 
nurturing environment that provides challenging learning opportunities tailored to the unique 
needs and interests of middle-level learners” (Eureka City Schools). 

2.5.1.3 Academics 

Zane has implemented a STEAM (Science, Technology, Engineering, Art, and Math) curriculum 
to bridge the gap between their students’s learning and real world experiences and skills (Zane 
Middle School 2019). This rigorous curriculum provides their students with applied skills that 
will aid them in their future pursuit of technological based work.  In addition to science and 
technological based learning, Zane also offers digital media classes, an award winning music 
program, social studies and language arts integration programs, AP courses that prepare students 
for high school, and a community displayed art program (Zane Middle School 2019). 

2.5.1.4 Extra-Curricular 

Zane middle school offers a diverse extra-curricular program to enhance their students learning. 
Athletic programs include golf, volleyball, soccer, basketball, cheerleading, track, and wrestling. 
In addition to athletics, Zane also offers and encourages their students to participate in an after 
school program. Zane offers a music program, leadership, and yearbook classes. Zane also offers 
their students with the opportunity to participate in county wide competitions like History Day, 
Geography Bee, and the Spelling Bee. Students have opportunities to be active in Spanish 
electives, school spirit weeks and school dances as well as various other lunchtime clubs (Zane 
Middle School 2019). 
 
Student participation is not only emphasized in extracurricular activities but also in P.E class. 
Students participate in a guided warm up routine before moving onto the planned activities to 
ensure proper muscle dynamic training (Montana 2019). Some of the equipment used for these 
warm ups are resistance bands, jump ropes and strength ropes. 
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2.5.1.5 Students 

Zane has the most diverse student body within Humboldt County (Hammons 2019). They serve a 
variety of students with different cultural and religious backgrounds, financial situations and 
circumstantial situations. According to representative Trevor Hammons, Zane has the potential 
to serve children of the District Attorney's office as well as many underprivileged children, some 
of whom “live in Eureka Motels” (Hammons 2019).  

2.5.1.6 School Environment 

Zane Middle School emphasizes a community based campus that is committed to providing a 
safe environment that enhances learning. Teachers are trained in restorative practices, a method 
used for reducing discipline issues and improving school climate, as well as community building 
circles that are meant to help build relationships and foster the sense of community on their 
campus (Zane Middle School 2019). Zane also teaches their students to follow four core rules: be 
safe, be respectful, be responsible and be kind. With these core values and clear communication 
of expectations from teachers, Zane is able to create a nourishing environment where students 
are able to thrive. 

2.5.1.7 School Spirit 

Zane Middle School’s teachers and student have avid school spirit. Their mascot, the Falcon, and 
their school colors, red and gold are displayed throughout the campus for all to see. School 
representative Trevor not only stresses the importance of school spirit being displayed but also 
the ‘Spirit of Humboldt’. One of the goals of Zane is to encourage school spirit while also 
fostering environmental awareness and appropriate technology to their students (Hammons 
2019). 
 

2.5.2 Children  

2.5.2.1 Overview  

Children undergo different stages of development where they can apply their set of skills and 
knowledge in different types of situations.  In order to implement and reprocess their resources, 
schools must create a positive impact on students to continue to stay motivated, inspired, 
goal-oriented and included.  

2.5.2.2 Why is PE beneficial for children?  

Zane Middle School utilizes the Common Core, an implemented educational standard to provide 
students what they are expected to know to prepare them for their future, as part of their school’s 
curriculum. This program is to ensure students are receiving an educational experience along a 
progressing pathway. This includes critical thinking, problem solving, creativity and more. 
However, one subject is not listed as a Common Core, and it is one the most vital experiences for 
developing middle schoolers: physical education (P.E.) (Zane Middle School, 2019).  
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Although, physical education is not a part of the Common Core standards, it does play a highly 
effective role in children’s lives. Physical activities benefit the children’s overall health, 
physically and mentally and can help improve academic success. Howard Taras, author of 
“Physical Activity and Student Performance at School” explains that children involved in 
physical activities are stimulated by natural endorphins that reduce stress, activating a calming 
and achievement effect, and boost their moods.  Physical activities can varies for different types 
of students, depending if they are students who want to explore individually in order to 
challenge themselves, or be included in a group where they learn how to collaborate with others 
(Taras, 2008).  

2.5.2.3 Enhancing Children’s Academic Performance 

François Trudeau and Roy J Shephard, authors of “Physical Education, School Physical 
Activity, School Sports and Academic Performance”, demonstrate different aspects of physical 
activities in school with relation to student’s academic performance. Trudeau and Shephard 
specified one of their research experiences on hyperactive impulsive children. Studies show 
P.E. helps improve classroom behavior increase their attention, as well as displaying 
improvement in reading and semantics. For students who are in sports, there is inclusiveness, 
motivation, goals, and representativeness for their school. Implementing physical activities with 
academics can help fuel their self-esteem, emotional well-being, spirituality and future 
expectations. P.E. is an all-inclusive class that invites students to be a part of the school, and 
incorporates inspiration and ambition to students who aren’t in sports too. Increasing the 
student’s wellbeing, drives them to feel connected and satisfied within their school. François 
Trudeau and Roy J Shephard, express that” such activities are likely to increase attachment to 
school and self-esteem which are indirect but important factors in academic achievement” 
(Trudeau & Shephard, 2008).  
 

2.5.3 Importance of Exercise 

2.5.3.1 Overview 

 Warming up before and stretching after engaging in physical activity is incredibly 
important regardless of how young or athletic the person is. Studies have proven that the more 
you do something the more likely you are to generate a habit. Teaching children to develop 
beneficial habits such as warming up, at a young age is incredibly important because it can 
increase their performance as well as their recovery, and reduce the occurrence of injury. 

2.5.3.2 The Traditional Flexibility Centered Warm-up 

Flexibility is defined as the range of motion in a joint or group of joints or the ability to move 
joints effectively through a complete range of motion. Stretching is the method involved as 
relaxing and elongating the muscle to its full length. Static stretch consists of applying a required 
force to extend the desired muscle. However, research has shown that static stretching prior to 
physical activity can reduce the force production in your movements. They are still an important 
part of exercising and improving overall health, yet it is best performed after physical activity. 
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2.5.3.3 Functional Strategies to Improve the Warm-up 

 An alternative way to improve warm-up routines is to incorporate an activity that involves 
dynamic, movement lasting 4–15 minutes (Swanson 2006). The warm-up process should not to 
be viewed as a separate activity than the actual physical activity; instead it should be considered 
an integral part that contributes to the development of body control, core strength, agility, and 
running mechanics. 
  

2.5.3.4 Improving Flexibility and Promoting Recovery 

 Establishing adequate flexibility is essential for athletic performance and lifelong health-related 
fitness. Static stretching has been shown to be a more effective method of enhancing long-term 
soft tissue adaptations when performed after physical activity (Swanson 2006). Static stretches 
performed after workouts or competitions has also been shown to improve recovery and may 
even shorten rehabilitation time for those with injuries by positively influencing blood flow to 
damaged tissue and encouraging proper collagen fiber alignment during the repair and 
remodeling phases (Swanson 2006). 
  

2.5.3.5 Increased Performance 

 Engaging in more functional approached warm-up movements are beneficial and designed to 
develop sport-specific skills and physical attributes. Performing moderate-intensity, 
movement-based routines allow participants to raze their internal body temperature to the degree 
necessary for practice or competition. An active warm-up that increases the athlete’s core 
temperature will improve performance by improving range of motion, producing a higher 
oxygen uptake, lowering lactate accumulations, increasing muscle pH, improving the speed and 
force of muscle contractions, and increasing the speed of transmission of nerve impulses 
(Swanson 2006). 
  

2.5.4 Existing P.E. Cart Designs 

2.5.4.1 Overview 

With the growth in physical development and activities such as team and individual sports, 
physical education in schools and recreational activities; a need for mobile, organized storage 
carts has developed in order to properly store and quickly access proper equipment. To meet this 
need, several cart designs have been made. 
 

2.5.4.2 Champion Sports Equipment Cart 

Champion Sports, one of the leading athletic gear production and distribution companies, 
designed and produced an equipment cart made from PVC that is measured at 49”L x 19”W x 
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56”H and 25 pounds; it has wheels of 3” diameter ball bearing swivel casters. The cart is able to 
hold up to 32 basketballs, 40 soccer balls, or 40 playground balls, 48 hoops, and up to 150 jump 
ropes. This cart designs includes spots for the jump ropes to freely hang, preventing any kinking. 
This can be seen in Figure 2. 

 
Figure 2: Champion Sports Equipment Cart 

 
 
  

2.5.4.3 Champion Sports Back Ease Storage Cart 

In addition to their other equipment cart in Figure 2, Champion Sports also produces a basket 
style storage cart. The cart is   “a raised open top cart designed to store equipment at an easy to 
reach height. Storage potential is maximized with convenient storage underneath the basket. This 
cart features tough powder-coated steel tubing that resists nicks and rust, and has large 
heavy-duty casters for easy movement” (sportsfacilitiesgroup.com). The dimensions of the cart 
are 43"L x 30"W x 45"H. The Champion Sports Back Ease Storage Cart is shown in Figure 3. 
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Figure 3: Champion Sports Back Ease Storage Cart 

 

2.5.4.4   Haul Master Polypropylene Industrial Cart 

Haul Master produces a service cart featuring large upper and lower trays (3 inches deep) to 
allow for the storage of more material. This service cart is made of a lightweight, 
industrial-strength polypropylene that won’t rust or chip. This lightweight utility cart can handle 
up to 500 lbs. of material. The cart as a whole is 44’’ L x 25 -½’’ W x 33- ¼’’ H, and 51.80 lbs. 
It includes the two large storage trays, tool storage, hardware bins and cup holder; as well as 4 
smooth rolling 5 in. casters. The Haul Master Cart is depicted below in Figure 4.  
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Figure 4:  Haul Master Service Cart 

2.5.5 Exercise Equipment 

2.5.5.1 Overview 

Jump ropes are the major components of Zane Middle School’s P.E program. This section 
describes what jump ropes are, their use and the different type of jump ropes often implemented 
in exercise program.  

1.2.1.1 Jump Ropes 

 Jump ropes are lengths of rope used for jumping by swinging it over the head and under the feet. 
Jump ropes can be used as a toy for children to play with. They can also be used for 
cardiovascular training or by athletes to increase their internal core temperature prior to engaging 
in physical activity. There are a wide variety of jump ropes that vary in rope material, length, 
thicknesses, and handle choice. 
 

2.5.5.1.1 ELITE Pro Freestyle Rope 

Summary: An excellent all around jump rope with long handles for a strong hold, an easy length 
adjustment system and a slower PVC cord that can be used both indoors and outdoors. 
Specs: 

● Weight: 4.8 oz. 

● Handles: 8" handles made of unbreakable plastic polymer and low profile handle grip 
tape (so the handles don't slip when you sweat). Comes in a variety of color combos. 
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● Rope: Solid core PVC rope that is durable on both indoor and outdoor surfaces (Hopkins 
2018). 

2.5.5.1.2 Boxer's Training Rope 2.0 

Summary: Heavy duty PVC rope that can be used on any surface. Because the rope is attached to 
the handles at a 90 degree angle its fast (great for double unders), but it won't do intricate 
crossing moves as well. 
Specs: 

● Weight: 6 oz. 

● Handles: Unbreakable plastic polymer handles attach to PVC cord at 90 degrees for 
increased efficiency and speed. Snap lock system for easy resizing and rope replacement. 

● Rope: Heavier solid core 5mm PVC cord (10' length) that can take a beating on any 
surface (Hopkins 2018). 

2.5.5.1.3 Heavy Beaded Fitness Rope 

Summary: A long handle rope with heavy 2" thick walled beads for a more intense workout. An 
excellent all-around fitness rope that is popular because the weight of the beads slows the rope 
down, improving feedback and enabling a more consistent rhythm. 
Specs: 

● Weight: 6.4 oz. 

● Handles: Unbreakable plastic polymer long handles with foam grips. The long handles 
with foam grips make for a comfortable, slip-free hold when you sweat and make it easier 
to work in freestyle moves like criss crosses. 

Rope: Comes at 9' 6" length. Resizing take a couple steps, but is not hard. The heavy beads make 
it ultra-durable for use on concrete or any other rough surface (Hopkins 2018). 

2.5.6 Building Materials 

2.5.6.1 Overview 

The following section analyzes various types of building materials that may be appropriate to the 
construction and design of the Team Enterprise Equipment Cart. In the following sections the 
pros and cons, cost analysis, structural variables, and sustainability will be addressed for each 
type of material being considered. 
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2.5.6.2 Natural Materials 

2.5.6.2.1 Pine (Pinus Sylvestris) 

Pine is a family of woods that are grown in temperate climates. Most commonly used in the 
timber industry for their range of structural properties such as strength and workability. These 
woods have a strength threshold between 24-43 lbs./ cubic ft. Common application of pine 
include light to medium construction, boat building, furniture and telephone poles. The cost is 
moderately priced and it is considered a sustainable option with proper forest management 
(Lefteri 2014).  

2.5.6.2.2 European Beech (Fagus sylvatica) 

European Beech is a medium density wood that is regarded for its straight grain, high strength, 
good workability and its good finish. It is commonly used to for chair making and can be easily 
carved. It has a strength threshold of 45 lbs. /ft3 and is more expensive than other timbers. It can 
be sustainable with low use. The Cons of European Beech is that it can warp and split and is 
visually unattractive.  

2.5.6.2.3 Bamboo 

Bamboo is the fastest growing plant in the world with many species that vary from woody plants 
to herbaceous plants. It is lightweight, flexible, elastics and has a high strength threshold, 
between 18-25 lbs. /ft3 (Suhaily at al). It is used in wall paneling, floor tiles, papermaking, 
lumber and home building. It has a low cost and is extremely sustainable with proper 
management (Lefteri 2014). 

2.5.6.3 Commodity Polymers 

2.5.6.3.1 PET (polyethylene Terephthalate, aka polythene) 

PET, the largest recycled plastic on the market is a versatile material that is chemically resistant, 
dimensionally stable, tough and durable. The cost of PET is $2/kg. It is commonly used in 
household cleaning bottles, credit cards, clothing, car panels and bowling pins. Sustainability 
wise, it is highly recyclable (Lefteri 2014). 

2.5.7 Hooks and Hangers  

2.5.7.1 Overview  

In order to keep the equipment cart organized in a fashionable way, hooks and hangers are 
analyzed in order to determine whether their abilities can be incorporated into the design 
process.  

2.5.7.2 Swag Hook  

Swag hooks are easy installations that be used on hollow or solid walls, hang plants or other 
things from the ceiling. These decorative hooks can also hold up to 30 lbs.  
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2.3.6 Screw Hooks Screw hooks are easy to install, where you can use a drill to screw in the 
screw hook. These hooks are designed to hang plants, clothesline, and signs, but its 
applicability can vary. Most screw hooks are made out of steel, and can hold up to medium 
to heavy weights. See figure 5. 

 
Figure 5: Screw in Metal Hooks 

 

2.5.8 Overview Wheel type and Size 

2.5.8.1  
Wheels are important to the mobility of any kind of cart that serves to transport materials. The most 
common type of wheel on a movable cart is a caster, described below. Size is important for how hard the 
cart needs to be pushed and the type of ground it can travel across.  

2.5.8.2 Caster Wheels 

A common wheel design among carts is the caster wheel. A caster is a wheeled device typically 
mounted to a larger object that enables relatively easy rolling movement of the object. There are 
two main types of caster wheels: swivel and rigid. The swivel casters allow for a full range of 
circular movement of the wheel underneath the item, whereas rigid casters do not change 
direction. 

2.5.8.3 Swivel Caster 

Swivel casters are wheels that allow an object to be able to move in all directions. This type of 
castor is most commonly used in shopping carts. Typically, 2 swivel castors will be attached to 
the front of the object to allow for easy turning, but can be put on front and back to allow for 
movement in 360 degrees. Figure 6 illustrates a common Swivel Caster. 
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Figure 6: Swivel Castor that allows 360 movements. 

 
 

1.2.1.2 Rigid Caster 

Unlike swivel casters, “Rigid casters have only forward and backward motion…rigid casters are 
mounted to a stationary plate, restraining it from any 360 degree motion. A rigid caster can be 
used on items that only need to move in straight lines. In these instances a rigid caster can even 
be helpful in keeping the item on track. Rigid casters may also be used in addition with swivel 
casters to create a cart that could both turn and steer in a straight line. See Figure 7 below for 
Rigid Caster. 

 
Figure 7: Rigid Caster that allows movement in the forward and backward direction. 
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1.2.1.3 Wheel size 

In regards to wheel size, David S. Wein researched and analyzed the effects of different wheel 
sizes and concluded the following: “by doubling radius of the wheel, push and pull force will 
decrease by half. Increasing the diameter of a wheel can be an effective measure in reducing the 
force needed to move a cart… Irrespective of the floor surface (carpet or concrete), pull force 
decreased when wheel diameter was increased. However, push and pull force is greater with 
larger wheels when swivel wheels are not aligned in the direction of travel.” Wheels larger in 
size are able to move over bumps, holes, and other items on the floor more smoothly and 
effectively than smaller wheels. Larger wheels would allow for a more relaxed and typically 
easier movement. 
 
 

3 Search For Alternative Solutions 

3.1 Introduction: 
In this section we will be exploring and brainstorming different ideas on how to construct the 
equipment cart. We will be looking at different mechanisms to solve the issue of jump ropes 
kinking, and innovating an easier way to remove and clean up gym equipment.  
 

3.2 Brainstorming 
To best begin the designing process of the cart, brainstorming sessions were implemented to 
compare ideas that could best solve the client’s main problem of tangles jump ropes. Through the 
brainstorming sessions, it was determined that the best way to prevent the tangling of the ropes 
would be to create a device that would attach to the cart and hold jump ropes in place. Ideas 
includes a wind up wheel that would wind groups of ropes into secure positions,  a v shape 
mechanism that student could hang the ropes on and slots that would hold jump ropes by the 
handles.  In order to keep the jump ropes held tightly while on a cart, the idea of implementing 
inverted hooks on the bottom of the cart was brought up. These sessions also addressed issues of 
safety regarding the hook placement, space and shelving implementation that would hold the 
additional exercise equipment that will be used by the students. During the brainstorm sessions, 
the wheel type and size was taken into consideration to best create a multi surface cart.  The 
sessions also included the type of material to build the cart out of. Some suggestions included 
bamboo rods and plywood’s, up scaled and/or recycled plastic, reused wood and a pre-bought 
cart.  
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3.3 Alternatives: 
Seven alternative designs were created for Team Enterprise’s equipment cart. Each design was 
created to address the specifications that were provided in a different way. They have different 
wheels, different sizes, and different mechanisms to prevent the jump ropes from tangling while 
making it easy for the kids to grab the equipment and replace. 
 

3.3.1 Hose Reel: 
A hose reel design is an alternative option to store and prevent jump ropes from kinking on the 
equipment cart. The reels would be placed on each side of the cart where it includes arms that 
latch onto both ends. These arms allow the reel to be held stationary and still allowing there to be 
free movement while turning. A handle will be attached to one side of the reel that allows the 
reel to turn providing easy an access and storage of ropes. To ensure that the ropes do not 
overlap and tangle with one another, there are little hooks that one hooks the handle of the jump 
rope too, followed by turning the reel for the kink/tangle free storage of the jump ropes. When 
retrieving the jump ropes students can simply grab the unhooked handle of the jump rope and 
pull to unwind and use it. Refer to Figure 8 below for visual representation. 
 

 
Figure 8: Hose Reel alternative that allows the winding up of jump ropes. 

3.3.2 Rubber Horn/Hook Holder: 
As an alternative solution for storing and preventing kinking jump ropes on the equipment cart, a 
rubber horn would be located right in front of the handle for pushing the cart. The handle must 
be a horizontal bar that goes across the top edge of the cart. The rubber hooks are located directly 
in front of the handle (where one’s knuckles face) which comes straight up like horns about 4 to 
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5 inches in height to allow for all jump ropes to fit. These hooks have a rubber outer coating to 
avoid any possible risk of injury. The jump ropes drape over the hooks and lay parallel with the 
cart’s handle, hanging off opposite sides of the cart. Refer to Figure 9 below for visual 
representation. 

    
Figure 9: Rubber Horn/Hook Holder 

 
 

3.3.3 Stereo Hood Ornament: 
An alternative solution to moving the stereo/speaker that is used by the P.E. class, are large 
hooks located on the very front of the cart for the speaker to hang on. These hooks are perfectly 
aligned with the handles of the speaker so that it may effortlessly be set on the hooks for easeful 
storage and movement. The hooks are made to hold a substantial amount of weight on them, and 
are drilled into studs which are located directly behind to ensure the security of the speaker while 
hanging from them. These hooks on the front allow for the speaker to be moved with the P.E. 
equipment as a whole and not have to be carried separately by hand, and can be simply stored 
together. Refer to Figure 10 below for visual representation.  
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Figure 10: Stereo Hood Ornament 

 

3.3.4 Three Shelf Equipment Cart 
The Three shelf equipment cart, illustrated in Figure 11, is a design for optimal storage space. 
The cart dimensions are 4.5 H x 4.5L x 2ft W. The first shelf will be 6” above the ground, the 
second shelf will be 2 ft. above the first, and the top shelf will be 2 ft. above the second. On each 
side of the top shelf, there will be two 4.5 ft. 2x4 pieces of wood with 25 divots carved on each 
one. The purpose of the divots is to hold the jump ropes securely and prevent them from tangling 
with each other. The outer frame of this design is made from bamboo shoots and each shelf is 
made from bamboo plywood. The wheels are generic swivel casters with a 5 inch diameter. 
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Figure 11: Three Shelf Equipment Cart 

 

3.3.5 Triangular Jump Rope Holder 
The Triangular Jump Rope Holder is a design that optimizes the accessibility of equipment. The 
Triangular rack will be on each side of the cart with 25 divots carved into each one allowing the 
jump rope to hang towards the center of the cart. The outside edges remain open for accessing 
the other exercise equipment. The frame and shelves are made from recycled wood such as 
plywood and scrap building material. The wheels are 8” in diameter and made from rubber with 
tread in order to navigate both indoors and outdoors.  
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Figure 12: Triangular Jump Rope Holder 

3.3.6   Upscale Cart 
 
The Upscale cart is a generic, store bought cart with jump rope holding additions added to it. The 
frame is made from PET plastic and the dimension of the frame are 3H x 4L x 2W (ft.). The 
jump rope holder addition will be made from recycled plastic, span the length of the cart and add 
an additional 6” to the height of the total cart.  There will be 25 divots on each side to hold a total 
of 50 jump ropes, tangle free and easily accessible. The wheels are plastic and are connected 
with swivel castors. The plastic of the cart makes it lightweight and easy to push, while the jump 
rope attachment can be easily replaced onto a different cart.  
 

 
Figure 13: "Upscale Cart" 

 

4  Decision Phase 

4.1 Introduction 
Section four will discuss the process behind the decision process by which team Enterprise was 
able establish a final design. The alternative solutions proposed in section 3 will are compared to 
the criteria established for this project in section 2 using a Delphi chart. The purpose of the 
Delphi chart was to set weights for each of the criteria and apply these values to each alternative 
solution to establish a scoring system. The alternative solution with the highest score is the 
solution that team Enterprise decided to build. 
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4.2 Criteria Definition 
This section lists the eight main criteria components of the equipment cart. The criteria includes, 
safety, jump rope, accessibility, durability, mobility, material weighs, maintenance and 
aesthetics. In depth description of each of these criteria are described below.  
 

4.2.1 Criteria 
Safety: Must be a safe design that minimizes any chance of bodily harm to students and faculty.  
 
Storage Capability: Must be able to store up to 50 personal jump ropes, large ropes, exercise 
bands, resistance band and a speaker. The main emphasis is the jump rope storage system that 
prevents the ropes from tangling and kinking while also maintaining ease of removal and 
replacement.  
 
Accessibility: Materials must be easily accessed by students and teachers for immediate use and 
quick clean up. 
 
Durability: Must be sturdy and able to withstand daily use by middle schoolers.  
  
Mobility: The cart must be easily moveable by teachers and students when loaded with 
equipment.  
 
Material Weight: The cart must support all of the P.E equipment being used.  
 
Maintenance: The cart must be easy to clean and maintain and require minimal yearly repairs.  
 
Aesthetics: The cart must embody the school spirit of Zane Middle School.  
 
 
 
Table 2: Table of each criterion and their respective weight in terms of importance to overall project. The weight is from 
0-10, 10 being of the most important 

Weight (0-10 High) Criteria 

10 Safety 
10 Jump Rope Capability 
7 Accessibility 
6 Durability 
5 Mobility 
5 Material Weight 
5 Maintenance 
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4 Aesthetic 

 
 

4.3 Solutions 
Section 4.3 lists all possible solutions that could meet the criteria described in section 4.2. 
Specific details of each of the listed alternatives can be found in section 3.  

● Hose Reel 
● Rubber Horn/Hook 
● Stereo Hood Ornament 
● Tank Cart 
● 3 Shelf 
● Triangular Rack Cart 
● Upscale Cart 

 

4.4 Decision Process 
The decision to choose an alternative was based on a Delphi Chart, shown in figure 13 below. A 

Delphi chart ranks each alternative based upon how well it met the criteria. The alternative 
solutions were scored between 0-50, 50 being high, for each criterion. The scores were 
then multiplied by the criteria weights and the total scores were added up.  

 
Figure 13: A Delphi chart showing the scores and weights of each alternative in relation to the 
specified criteria. The most bottom row shows the final scores of each alternative.  
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4.5 Final Decision Justification 
The final decisions for the equipment cart was based on the scores of the Delphi chart in figure 
13 above, client input and group consensus and compromise. Scores for each alternative were 
multiplied by the weight of the criterion and the total score for each cart was calculated.  
From the Delphi scores, the group decided on the “Upscale Cart” for jump rope capability, 
durability and ease of maintenance. This pre-bought cart already has great mobility and handling, 
is durable and has adequate space for all the exercise equipment.   The jump rope holding 
mechanism will be added to the top and held in place by a simple latching mechanism and 
inverted hooks at the bottom of the cart. The cart is simple yet meets all the qualifications from 
the client.  
 

5 Specification of Solution 
Section five compiles the results of Team Enterprise’s final decision based upon section 4.  This 
section delivers a thorough description of the final solution, the ‘upscale’ cart, including figures 
of the cart and its components. The cost will be analyzed based on human hours contributed to 
the design, construction, and maintenance, as well as the retail cost of the materials. . Instructions 
are included on how to implement the equipment cart and use it, as well as a discussion of the 
results of the final product. 

5.1 Description Solution 
The P.E. equipment cart base is a pre-bought polypropylene plastic cart that measures 45 inches 
in length, 36 inches in height and 24 inches in width. It features a lower shelving unit for 
equipment storage, as well as a top shelf for additional storage. The space between the shelves 
allows for easy access and storage of supplies. It is equipped to two front swiveling casters and 
two back rigid casters to provide mobility similar to that of a shopping cart.  
 
The cart’s jump rope holding mechanism is s an original Team Enterprise design. It is composed 
two pressurized pieces of hood with the dimensions of 35” L x 12” H x 2” W. Each piece of 
wood has 25 “teeth” carved 1” into the top of board. These pieces of wood are designed to store 
jump ropes in the crevasses in between each “tooth “and are held in place by inverted hooks at 
the bottom side edges of the cart.  They are attached lengthwise to each side of the cart with 2” 
screws and L-brackets.  
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Figure 14: Google Sketch up drawing of the Equipment Cart and its dimensions. 

 
Figure 15: 2D CAD drawing illustrating the dimensions of the cart 
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Figure 16: The final cart design. 

 
 

 
 

Figure 17: AutoCAD drawing of the notch board and its dimensions (left) and the final notch board (right). 
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5.2 COSTS 
Section 5.2 provides an analysis on the material cost to build the equipment cart, the human hour’s 
implements and the predicted cost of maintenance in terms of materials and hours. 
 

5.2.1 MATERIAL COST 
The construction of the equipment cart required the following material: polypropylene cart, 

lumber, screws, bolts, hooks and spray paint. Table 3 below shows the material, its retail cost, the 
purchase price and the source 
 
 
Table 3: A Cost breakdown for materials purchased for the P.E cart, including its retail cost, purchase price and source. 

Material Retail Cost Purchase 
Price 

Source 

1 Polypropylene Cart $129.99    0.00 Harbor Freight 
Tools 

1 10 ft. x 1ft x 2” 
piece of Pine Wood 

$ 80.00    0.00 Arcata Lumber 
Yard 

Screws and Bolts $ 20.00    0.00 Harbor Freight 
Tools 

Screw in hooks $ 14.95 $14.95 Ace Hardware 

6 Cans of Spray Paint $ 40.00 $40.00 Ace Hardware 

TOTAL $284.94 $54.95  
 
 
 

5.2.2 Human Hours 
A total of 180 human hours were used in the design and construction of the P.E cart. These hours 

were dispersed between analyzing the problem, prototyping, the decision phase and construction. Figure 
18 illustrates the hours spent in a pie chart 
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5.2.3 Maintenance Cost 
The materials associated with the maintenance of the cart include Kraylon Spray paint and WD40. It is 
projected that these products will not be needed until one year after the implementation of the cart. Table 
4 below shows the product, time the maintenance procedure will take, the estimated cost and direction on 
how to address the maintenance procedure.  
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Table 4: A breakdown of the materials, time, cost, frequency and procedures to maintain the equipment cart. It is 
estimated that after one year, these procedures should be used. 

Maintenanc
e  

Time Cost Frequency Procedure 

Kraylon 
Spray Point 

10-30 
minutes 

$ 6.99/ 
bottle 

0-1 time per year Touch up paint at 
signs of flaking.  

WD-40 5 
minutes 

$ 3.00/ 
bottle 

1 per 3 years Grease castors with 
WD-40 if wheels 
stick or have trouble 
turning.  

TOTAL 15-35 
minutes/
year 

$9.99/ 
year  

Once per year 
after first signs 
of deterioration. 
(est. 1 year) 

 

 
 

5.3 PROTOTYPING 
Several prototypes were made in order to finalize the P.E equipment design. These prototypes include 
mini cardboard carts and life size designs.  

5.3.1 Mini cart 
The first prototype was made from cardboard, bendaroos, bottle caps and glue. The purpose of this 
prototype was to try brainstorming ideas for the jump rope holding mechanism. This prototype has 
notches cut out of cardboard sheets that hold bendaroo ‘ropes’ in place. Figure 19 shows a picture of this 
mini prototype. 
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Figure 19: Mini prototypes made from cardboard and bottle caps. 

5.3.2 Life size prototypes 
 A life size version of the mini prototype was implemented by using an old polypropylene 
 Plastic cart, scrap wood and jump ropes. The boards had notches cut into the using a skill saw and place 
on top of the cart. Two separate notch boards were prototypes to experiment on the effectiveness of each. 
The two notch boards are show in figures () below 
 

 
Figure 20: The (left) design is a horizontal notch board designed to hold multiple jump ropes in each notch. The (right) 
design is the same type of notch board, but made to hold only one jump rope per notch. Each notch corresponds to a hook 
placed on the bottom. 
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5.4 Results of prototyping 
 
The prototyping process consisted entirely of different styles of the notch board. This notch board design 
was consistently favored due to its ability to hold jump ropes. The multi rope board was discarded due to 
tangling between ropes attached to the same hook. It was realized that students may grip jump rope 
handles from two separate ropes and result in tangling. The single rope notch board was effective and 
implemented into the final design that is displayed in figure 21 below. 

 
 Figure 21: Notch board holding jump ropes (Left) and the overall design of the board (right). 

5.5 Implementation Instructions 
To properly place the jump ropes onto the mechanism, one simply folds the jump rope in half 
and hooks the bottom most part of the rope onto the hooks on the bottom shelf. Then, holding 
both handles in one hand, extend the jump rope vertical until it is taught and place the two part of 
the rope into the corresponding notch. This design enables the jump ropes to be held and stored 
without tangling and prevents kinking,  allowing for the jump ropes to stay in better shape and 
last longer. The cart is simple yet meets all the qualifications from the client.  
 
 
The students when replacing the jump ropes onto the equipment cart will fold the ropes in half 
and then hang the ropes around each peg. The notch board design is intended to allow for the 
students to easily access the jump ropes if they are to be used in that day’s activities. It also will 
prevent the jump ropes from tangling and causing kinks which will allow for easier use, save 
time, and increase the lifespan and maintain the integrity of the ropes. 
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This process can be broken down into five easy steps. 

1. Remove the jump rope by grabbing a set of handles from the top of the notch board and 
pull towards yourself.  

2. To replace the jump rope, first fold the jump rope in half, so that the two handles are 
together. 

3. Place the bottom of the folded rope onto a hook at the bottom of the cart. 
4. Stretch the ropes tightly upward and place into the corresponding notch. 
5. Pull tight 

 
 

5.6 RESULTS 
The objective of this design project was to create an exercise equipment cart for Zane Middle 
school that will store equipment in an organized and easily accessible fashion while also 
providing a mechanism that keeps jump ropes tangle and kink free. Zane’s current system stores 
their jump ropes in large buckets which often tangle jump ropes together. 

Before the implementation of Team Enterprises’ equipment cart, it took students and average of 
1.2 minutes to retrieve and untangle jump ropes before beginning their exercises.  In order to 
transport their equipment, it took 4-5 students to carry the equipment to its proper destination. 
The P.E class is held six times per day, five days per week and forty weeks per year and there is 
on average forty students per class.  Over the course of the school year that is 960 hours per 
school year spent on untangling jump ropes and about 6000 students (accumulated) used to 
transport the equipment. 

 

After the implementation of the cart, it takes about 0.2 minutes to remove the jump ropes and 
begin exercising and only 1 student or faculty to transport the equipment. These results average 
to 160 hours per year spent untangling jump ropes and only 1200 students/ year used to transport 
the equipment.  

The time saved untangling jump ropes before and after the implementation of the cart is 
approximately 800 hours per year, and the human power saved are approximately 4800 students 
per year.  On weekly bases, that is 20 hours saved and 120 students saved untangling and 
transporting equipment.  

Due to the implementation of a device that keeps jump ropes tangle free, it is also projected to 
save Zane Middle School at least $10 per year in jump rope replacements.  
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6.2 APPENDIX-B 

6.2.1 Brainstorming Documents 
A brainstorming session was held in order to determine possible solutions to the problem being 
asked. Figure () shows the notes taken during this process.  
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