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Abstract 

Currently there is a need on the market for protection around a baseball batter’s neck region. No current protection for this region exists, so the goal of this project was to develop a collar that would effectively fill this safety void. The plate design is composed of a combination of a hard plate (impact surface) and a foam liner, to absorb impact energy. High-density polyethylene (HDPE) was chosen as the hard plate material because of its ability to spread impact, relatively low density, and affordability. EVA foam was chosen for the liner because of its low water absorption, low density, and large strain capabilities. Contact Cement was chosen as the adhesive to be used to combine the HDPE and EVA materials. Contact cement was found to have a strong bonding characteristic, acceptable deformability without fracture, and low cost. 

Finite Element Analysis was utilized to model different material samples under the loading of being struck by a 100 mph baseball. These material combinations were compared based on deflection (ability to spread impact) and strain (ability to absorb impact energy). From these comparisons, it was decided that the most suitable material combination to provide protection while maintaining our weight criteria was 3/8” HDPE – 3/8” EVA foam.

The final design of the collar was constructed based on the FEA results, and the results of an ergonomic analysis. The collar was shaped to various dimensions in order to ensure fit of 99% of adult males. For the future recommendations the team has suggested that a more detailed finite element analysis be executed on the final design. Also, Impact testing should be done on the collar to measure the amount of force transferred to the player’s neck. Finally, using the FEA, Impact testing, and Ergonomics, a Prototype of the collar should be constructed and tested for fit and function on real players.
1. Introduction

The team has been following a Six Sigma approach to accomplish their task of designing a collar to protect baseball players while batting. Overall, this report includes a detailed description of the concepts and attachment designs including advantages, disadvantages, and research supporting the team’s claims. It also contains thorough description of the tool (Pugh Matrix) and procedure applied to select the solution to be implemented, as well as the analysis methods, and the final design.

The final design is much improved, stemming mainly from a combination of the preliminary designs. All the validation is provided to support the decision that this is felt to be the most adequate solution.

In addition to the final design being thoroughly defined, the report also focuses on validating the final material selection. The team conducted researched during the previous phase to come up with the best materials (EVA foam and high-density polyethylene). Previously, data had been missing as a proof of the group’s choice. This was addressed and validated for the final presentation/report.

This report also addresses the forms of attachment for the collar to the player, and the bonding method that would be used to join both materials together. The report shows the different alternatives that were considered, with both their advantages and disadvantages, but focuses on the final decision. Overall, all the aspects of the collar’s design are addressed and verified. This report encompasses the team's finalization of the design and all of it attributes.
2. Business Summary
2.1
“Wear It” Overview

Wear It, Inc. is a Tallahassee based sports company, dedicated to the development of sporting equipment for games such as football, baseball, and soccer. The company primary focus is the design of athletic protective gear that will reduce the likelihood of injury during games. As stated in the mission statement of the company, “To enhance a player’s ability on the field, by endorsing confidence through safety”, Wear It is focused in the safety of its client’s safety, and enjoyment of sports.
2.2
Sponsor Overview

This project sponsor is Mr. Gavin W. Boone, M.Ed., is a full-time employee of Sanofi U.S. specializing in diabetes care. Presently he is a part-time student enrolled in the online MBA program at Florida State University.
Gavin W. Boone, Product Inventor, played youth baseball from tee ball through junior major league play.  He has coached youth baseball for a number of years and coached as a profession fast-pitch softball for 5 years at the High School Level at A.C. Flora, and Duluth High Schools and 4 years at Holy Comforter Episcopal Middle School where he also served as the Athletic Director for the 12 sport program.  
2.3 
Project Origin
The inspiration to design a batting vest for youth baseball came after witnessing a Lincoln High School player being struck in the back of the neck/ helmet area during a freshman game. It was the second time in the same season that this player had been hit in the neck by a pitch. Seeing the concern and fear on the face of his parents and friends was the original motivation to design something to protect the neck of this and other players taking one for the team. In addition his son Graham Boone, was hit by 11 pitches during the 2013 season. That was more than the number of hits (9) Graham had in the 2013 season. 
As a father, Mr. Boone decided if the players, coaches, and officials were going to continue this pattern of encouraging the players to “wear the pitch” whether it be intentional or not, that there is a great need for protective option for batters to protect their spine, neck, ribs and back of their helmet since by turning their backs to the pitches these are areas exposed of major concern and significance.
2.4
Market Opportunity
It has become evident that sometimes coaches encourage players to turn their backs to the pitch in an effort to avoid the hit and be awarded a free base as long as their body is not extended over the strike zone; they “wear” the pitch to advance in the game. Research indicated there was an estimated 14,390 neck fractures treated at U.S. hospital emergency rooms in 2009. Of these, an estimated 2,692 were sports-related” (ibid.). These numbers show that injuries in young athletes are on the rise. It is desired by Mr. Boone that with the design of an adequate protective vest/collar the number associated to baseball injuries be decreased, and the safety of the players ensured.
3. Project Description
3.1
Define Phase

3.1.1
Project Scope

This team was assigned to develop a design for a vest that will cover and protect the ribs, spine, neck and head areas that are prone to receiving hits from the baseball when players are at the batting position. In our studies, the team will be measuring the main elements that surround the players being injured. Another focus will be on the motion of the body during game time, the type of materials being used for the vest, the design of the vest so that players will be comfortable and give exceptional performance and the life span of the vest.
3.1.2 
Objectives
During the development of the project the team focused on completing the following objectives:
a. Analyze materials to determine the best choice for protective vest.

b. Determine the ideal material for our vest, and verity it’s suitable for prototyping.

c. Analyze designs to determine best choice for protective vest.

d. Choose design for the protective vest with detailed description.

3.1.3 
Customer Requirements

The basic characteristics Mr. Boone required for the vest were for it to withstand an impact from a pitch up to 100 mph, be lightweight (under 7 pounds), easy to take on and off, and that it must not impair the movement of the players. Also, in his project proposal he indicated the desire for the product life to be between 3-5 years.

The team then developed a fish bone diagram (Appendix A) to ensure all requirements were covered. The main six factors that were taken into account where:

· The safety of players, focused on impact safety and thermal safety.
· The materials to be used for the vest, which had to comply with the weight, impact resistance and flexibility requirements.

· The quality of the vest, focused on its life span and resistance to wear.

· The ability of players to continue performing successfully, without being impaired by the collar.

· The overall cost of production, so the price to be paid by customers is reasonable, and

· The extra features provided by the vest, hence the added protection or facility to maintain. 
3.1.4
House of Quality 
The team developed a House of Quality (Appendix B) matrix to define the relationship between the customer requirements and the technical capabilities. The customer requirements, initially based on the basic needs of the customer, were expanded to cover Impact Safety, Aesthetics, Cost, Player Performance, Comfort, Functionality, Lightweight and Durability. This “What’s” provided for the basis of the matrix analysis, in order to determine the focus of the project. 
The team defined the technical requirements as Hard Material, Soft Material, Vest Size, Collar Size, Vest Shape, Collar Shape, Impact Strength, Type of Fasteners, and Stiffness. The matrix results indicated which technical requirements, were most relevant for the product/process design and optimization. This came out to be Hard Material (448.6), Vest Size (440.5) and Vest Shape (416.2). 
3.2
Measure Phase
3.2.1
Impact Analysis

One of the main objectives of this project is that the vest must be able to withstand the impact of a baseball at 60 to 100 mph. For it, the team calculated the energy of the baseball, found to be 141.6 J for a ball traveling at 100 mph. On further calculations, the assumption of a one-dimensional system was made to simplify the analysis of the impact wave of the ball. Also, the final force applied will be modeled as a uniform constant force.
A baseball is made of three main components: leather casing, thread or wool string wrapped around core, and a rubber core. The speed of sound for leather and wool/cotton was not found through research, but the speed of sound of rubber was found to be 60 meters per second. So it was assumed that the baseball would be modeled as a solid rubber sphere. The speed of sound of a leather or wool/cotton would be much slower than that of rubber because when the material experiences a force, the particles in rubber go back to their resting position quicker than leather and wool/cotton would. The equation used to find the impact time is two times the diameter of the baseball divided by the speed of sound of rubber. The impact time equals 0.002455 seconds.  With the impact time calculated the force from the impact can be calculated.  The force that is felt is equal to the mass of the baseball times the change in velocity divided by the impact time. The force that a human or the vest/collar would feel from the baseball hitting them would be 2581 N or 580.2 lbf.  From research, it takes about a 3,300 N (741lbf) [3] force to cause a rib to be cracked. Hence, this force may not be high enough to break a rib but may still cause bruising and large amount of pain.
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Figure 1. Chart comparing force load vs. displacement. (Source: Verdejo (2003))
From this chart on Figure 1, knowing the force the ball will be under, it can be correlated to the chart.  With a force of 580.2 lb. the displacement of the baseball will be close to 0.4 inches. The displacement of 0.4 inches will also be radius of the surface area of the contact area. The radius, now the compressed surface area, can be calculated as pi times the compressed radius squared. The compressed surface area is 0.503 in2. With the surface area, stress can be calculated as 7.958 MPa, which then could be used to help find better possible materials for the vest (full calculations are presented in Appendix C).
3.2.2
Ergonomics

Since the “Wear It” vest is to be worn by a person, the interface between the human body and the vest was taken into consideration. The geometry of the vest will be determined by the form of the body part in contact with. The team considered anthropometrics of the torso, neck and head areas to provide the best fit for the body.  Also it considered the ranges of body movements into de design process, specifically the neck motions of flexion, extension, rotation, and lateral bending. 
In order to provide a more natural fit and comfort to the players, the study of the arrangement of the body’s muscles and it was found that the most significant muscles where the platisma muscle, and the trapezius muscle. These two are the biggest muscles related with neck movement as seen in Figure 2.
[image: image2.jpg]



Figure 2. Neck Muscles.(Source: http://dc443.4shared-china.com/doc/xHub17RW/preview.html)
3.2.3 
Materials

A materials analysis was performed, based off of factors like density, weight, Poisson’s ratio, and shear modulus, multiple materials were taken into account and perused over. After narrowing choices down to three possible solutions: Carbon Fiber, Silicon, and Silicon Nitride, even more factors were analyzed to ensure that the right decision was taken. Things like cost and mass per pound were taken into account, so that reasoning was provided as to why the choice was taken. In the end, the team has chosen to use Carbon Fiber as the final plate material selection. While it may be slightly more expensive than other materials, it does weigh the least and that is a major requirement for the design. Manufacturing carbon fiber plates will be easier to work than processing silicon into desired plates. The selection of Carbon Fiber as the hard plate material was discarded based on suggestions of faculty, and the decreasing strength of the material upon repeated impact.

3.3
Analyze Phase 

For the Analyze Phase, the project was adjusted by the advise of both the sponsor and advisors. It was brought to the team’s attention a specific area of the vest that is not necessarily covered by other vests that have been produced in the past: the neck. So, after analyzing the critical areas affected when playing baseball, the team developed a series of collar designs that will attempt to protect the neck.


Another adjustment that was made was regarding the selection of materials. The team initially decided to pursue the use of a carbon fiber shell with padded backing to absorb and cushion the impact of the baseball. However, it was brought to the team’s attention that the use of carbon fiber was not acceptable due to the characteristic of carbon fibers decreasing strength upon multiple impacts. 

3.3.1
Research on Material  

The analyze phase consisted in its majority on material selection, and in the research and analysis that the team conducted to support their decision of using these. 

3.3.2
Padding Foam

The team studied the general aspects of all foams in order to make a good material choice. This being said, foams can be classiﬁed into two categories based on cell structure: closed-cell and open-cell structures. The team focused on this parameter after the advice of several instructors that a closed-cell foam would work best for this type of product.  


Research conducted proved that polymeric foams have a large number of applications as shock absorbers. Their function is to minimize the kinetic energy produced by an impact. The selection of a material for a particular application is supposed to be based on the energy which it can absorb and the critical stress which the protected object/body can support. That being said, the team decided that they needed to address the force of the impact of the ball, 581 lbf [Mills, pg. 23 (2003)]. 
Recovery from deformation after impact was a key point for the team to consider. The reason is that the life span of the product is 3 years, so it is aimed to keep it functioning despite repeated compressions by the ball. Polyethylene foams show a viscoelastic recovery of the deformation after the impact and therefore the foam in multiple impacts does perform fairly well. 

So, after an extensive research about different foams’ properties, behaviors, and applications, the team selected EVA as its foam material for the protective collar. Ethylene vinyl acetate copolymer, better known simply as EVA, is a copolymer that is part of the polyolefin family, characterized by its toughness, flexibility and resistance to chemicals and abrasion [Verdejo (2003)]. 
3.3.3
Hard Plate Material
The team conducted research to find an ideal hard plate, one that will stay firm and will not deform at a large rate. Although, the plate should not be so hard that it becomes brittle and scatters after impact. 

It was decided that high-density polyethylene was a good choice. Polyethylene is a thermoplastic, which means that it can be heated to a specific temperature, and becomes pliable or moldable. The polymer chains in the polyethylene have intermolecular forces, which allow the polymer to be formed when heated. When the polymer cools, the intermolecular interaction grows stronger and do not affect the physical properties. Polyethylene is known for its large strength to density ratio. This polymer’s tensile strength ranges from 600 psi to 6,000 psi depending on the density, and for such is one of the most common types of plastics used in the world today for it is resistant to water, acids, and most solvents. 

The team decided to use the combination of the EVA foam and HDPE plates because the use of a hard polymer will allow the distribution of the impact load, while the softer, closed-cell, recoverable EVA foam will serve to absorb the impact energy of the baseball once it has been distributed by the hard plate. 

3.3.4 
Testing 

The team mentioned its desire of performing compressive experiments that would involve the measurement of the deformation suﬀered by the material to applied forces, more specifically to perform compression and impact tests. The idea behind testing is significant once the results from finite element analysis are completed. It is important that the FEA results translate into real life acceptable values for the impact test to provide information that validates the simulated results.

The desired test were not completed due to time constraints and the lack of functioning machinery, but a rough impact test was performed using modeling clay (more details regarding the test will be provided after the verify phase).
3.3.5 Collar Designs


The team developed three concept designs, the Crown Neck plate, the Arched Neck plate, and the Flat Neck plate. All three designs have a foam liner on the inside, which is the part of the collar closest to the player’s neck. The Crown Neck Plate design, as seen in Figure 3, makes an easy transition for extra EVA foam to come off the neck plate and cover the shoulders.  This would help in the corporation the collar to a protective vest.  The biggest down fall to this design is with the geometry of the crown shape it makes it hard to have an extended plate in the back for support.  
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Figure 3. Crown Neck plate with foam liner.
With the Arched Neck Plate design, Figure 4, if a ball struck the plate the impact would disperse over the whole plate.  The foam would be the buffer between the player and hard plate just in case the force is strong enough to cause the plate to push up against the player. The downfall to this neck design is the geometry of the plate.  With the plate having a C-shape, if struck by a pitch the two edges would be the only thing to come in contact with the player.  There is less surface area; so more energy and force will be concentrated in those two areas.  Also with less surface area, there will be less foam to absorb the impact.
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Figure 4. Arced neck plate with foam on edges.
And the Flat Neck Plate design, Figure 5, in which the middle section the plate it raised up, so if the ball strikes the plate the helmet could reinforce the impact.  This design gives more protection for the neck region. The extended piece of polyethylene on the back is for protection and support.  The plate would protect part of the spine that starts to run down into the back.  The extension also helps support the collar system from falling over and makes it easier to connect to a protective vest.
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Figure 5. Flat neck plate with foam liner.
3.4
Design Phase

This design phase directs the team into finalizing the design for the protective “Wear It” collar prototype. The team now focused on the optimization of Mr. Boone initial design with a decision matrix, Pugh Matrix, to determine who to improve the three concepts developed.
3.4.1
Pugh Matrix

The criteria chosen for the Pugh matrix resemble the customer requirements that were used in the House of Quality. The criteria is: cost, adjustability, level of comfort, ease of maintenance, safety, aesthetics, lightweight, durability, player performance, and functionality. 

The team felt appropriate to use the original design provided by the sponsor as the datum for the Pugh matrix. Mr. Boone's design was originally of both, the vest and the collar. However, for the purpose of building this matrix, the team considered only the collar piece and not the entire vest. The three concepts shown in the top of the matrix correspond to the three designs the team came up with. These are: (1) the crown-like shape, (2) arched shaped, and (3) flat neck shape. For explanation purposes, let's refer to each concept by its number (1, 2 or 3).
Table 1. Pugh Matrix.
	Evaluation Matrix
	 
	CONCEPTS

	CRITERIA
	Importance Rating
	Mr. Boone's Design
	Crown-like shape
	Arched shape
	Flat neck shape

	Cost
	6
	DATUM
	S
	+
	+

	Adjustability
	9
	
	S
	-
	S

	Level of Comfort
	7
	
	-
	-
	-

	Ease of Maintenance
	4
	
	+
	+
	+

	Safety
	10
	
	S
	-
	+

	Aesthetics
	7
	
	S
	-
	-

	Lightweight
	9
	
	+
	+
	+

	Durability
	6
	
	S
	-
	+

	Player Performance
	9
	
	+
	-
	S

	Functionality
	8
	
	S
	-
	+

	 
	 
	 
	 
	 
	 

	Sum of Positives
	DATUM


	3
	3
	6

	Sum of Negatives
	
	1
	7
	2

	Sum of Sames
	
	6
	0
	2

	Weighted Sum of Positives
	
	22
	19
	43

	Weighted Sum of Negatives
	
	7
	56
	14

	Total
	
	15
	-37
	29


The Pugh Matrix indicated that the Flat Neck Plate design was the most optimal improvement to the original collar design. Based on the lower cost to manufacture by the simpler shape, and increased safety factor because it raises up in the middle section of the neck with the purpose that if the ball strikes the plate, the impact could be reinforced by the helmet.
3.4.2
Materials Structure 
The main set-up of the team’s collar is going to be the hard polyethylene on the outside, with the EVA foam attached using some kind of resin or glue on the inside. The team understands that it is not always possible to achieve maximum comfort ability while being active in sporting events, but with this collar design, it will be as close to ideal as possible.
3.4.2.1 Joining the Materials 
The team tried to make the decision on what to use as a possible connecting link between the HDPE and the EVA foam. The team wanted some kind of attachment with a long lifespan that would not wear after uses. Looking for different alternatives, the team considered the possibility of using mechanical fasteners to screw the two materials together, however the team realized that the comfort factors would be decreased. Another option that the team considered was double sided tape, although the adhesive in the tape is not something that lasts, it only provides a secure bond for approximately one month, and it must be constantly replaced.  A third option was the concept of welding the two materials together but the EVA foam and HDPE are unfortunately not similar in their composition and welding was no longer a viable option for the collar.

When it came to liquid adhesives, there were a couple more options that the team considered, including epoxy, silicones, hot melts, and contact cement. Specifically for epoxies, they contain a kind of resin, as well as a hardener, and usually have very good strength as a whole. Though, the big issue with epoxies is that they are brittle in fracture. Although epoxy resin is strong, using it represents a higher probability of fracture. Silicone adhesives are definitely known for their high temperature resistances, as well as their flexibility after application. They are extremely durable; however, their attachment to materials is average at best. One example is hot melts, but the bond that is created by a hot melt is not very strong. The final option was using contact cement. It can be applied on multiple materials and surfaces, including HDPE and EVA.
After effectively and thoroughly analyzing all of the options, the team came to the conclusion that contact cement was the best option for material attachment. It provides the stronger bond between HDPE and EVA foam. In addition, the contact cement will maintain a rubber-like characteristic even after it has dried. This will allow the contact cement to stay intact and retain its adhesion characteristics even under impact and flexing of the collar. 
3.4.2.2
Collar Attachment 
The attachment of the collar to the vest/body was next to be considered. It was pointless to put effort and work into designing an amazing collar and then people not being able to use it because the collar fell off by impact. Sewing was the original idea, it consisted on a simple nylon pocket that will secure and tightly hold the collar inside. Then, when the user gets the product, he would have to sew it into the neck line of the vest he already owns.

The team then considered using snaps but it represented the same weak support as sewing. Velcro was also considered for providing a strong bond. However, still the collar may fall out from the vest, if the impact of the ball is too strong.

The team seemed to be unable to find a viable solution. They decided to quit the idea of having an external way of attachment, such as snaps and Velcro, and instead modify the design of the collar so it will be able to support by itself. The team added what they called a shoulder pad to it, as seen in Figure 6. The idea was for this additional pad to allow the user to put on the collar, and then wear their vest on top of it. That way, it was going to be secured over the player’s shoulders by the vest without the need of another attachment. However, the team then realized that, still, the piece could possibly move out of its position with high impacts and injure the player.
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Figure 6. Collar with the Added Shoulder Pad.
The team decided the best option was to devise a new, improved collar to be attached directly to the player’s body and not a vest. So, that is how the straps arrangement came to be considered, based from a karting collar as seen in Figure 7 and the idea of the shoulder pad. Straps will allow the player to put the collar directly over his shoulders and then secure it to his body by strapping it onto his chest.
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Figure 7. EVS karting neck support. (Source: www.evs-sports.com)
3.5
Verify Phase
3.5.1
House of Quality
The House of Quality technical requirements where redefined to better fit the new scope of the project, the team was only to focus on the collar and not the entire vest. The “How’s” became Plate Thickness, Padding Thickness, Collar Size, Collar Shape, Wear Ability, Flexibility, and Weight. The matrix results indicated which technical requirements, were most relevant for the product/process design and optimization. This came out to be Plate Thickness (4786.2), Padding Thickness (500.0) and Collar Weight (651.7). 
3.5.2
Finite Element Analysis

The two major criteria that were evaluated in the FEA models were maximum deflection and strain. Deflection is the distance a material deforms in the direction of the applied load, and was used as criteria to compare the various material combinations. Essentially, a material that exhibits less deflection does a more adequate job of spreading the impact load over a larger region, therefore reducing the pressure on the backside of the material (in this case, against the neck). Strain is the measure of a materials change in length as it is deformed by impact. As an object deforms from impact, energy is stored in the molecular lattice in the form of strain energy. Because of this, it can be concluded, that a material with higher strain during impact has absorbed more of the impact energy, than that of a material with lower strain (for the same applied load). An example of the visual representation of deflection and strain can be seen below in Figure 8.
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Figure 8. Visual Representation of Deflection and Strain

One of the biggest challenges in the FEA modeling is producing a model that mimics real life to an acceptable level. For instance, it is impossible to perfectly mimic a baseball impacting a collar wrapped around a persons’ neck, however, the model can be set up in a fashion that closely resembles impact using a pre-determined force, and a test sample of known dimensions, geometries, and properties. 

3.5.2.1 Setup

A number of assumptions were made in order to model the collar in a manner that would be most easily analyzed using finite element methods. The first assumption was the fact that the combinations of materials were modeled as flat plates (2” x 4”). This allowed for the simplification of the finite element analysis, turning the model into a stationary 3D platform. Second the model was constructed to what the team determined was the worst case scenario. This is the case when the player’s neck is large enough to touch the collar. Because of this, as the collar deforms, the players neck experiences the same deformation. For this average player whose neck does not touch the collar, this would not be the case. Finally, the model was constructed as a layer of four materials all with their own unique properties. The combination of these different materials can be seen below in Figure 9.
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Figure 9. Material combination used in FEA

The FEA tests were run with combinations of HDPE and EVA foam at 3/4” overall thickness. There were five material combinations that were analyzed at 3/4” total thickness. In earlier analysis, the combination of 1/4” and 1/2" overall thickness were tested to see if thinner (lighter) combinations would be suitable to withstand the applied forces and protect the batter. It was found that these combinations were prone to experience failure, plastic deformation, or extreme deflection. These results are not suitable for our safety standard, so for the final testing these thinner material combinations were discarded. 

To constrain the material, an approach was taken to mimic the real world application of the collar under impact. In order to do this, model was constrained along the bottom edge of the hard plate, and against the backside of the bone. This was done to mimic the effect of the hard plate being attached to the shoulders, and the bone in the neck acting as a stationary object. This can be seen in Figure 10, marked by the red X’s. 

Also seen in Figure 10, is the applied load of 5000 psi over a surface area of 0.50 in2. This represents the load applied to a surface by a 100 mph baseball, and is what was used to analyze our materials reaction to a theoretical baseball impact at 100 mph.
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Figure 10. Physical Setup of FEA model with applied load.

3.5.2.2
Results

Table 2, shows the results of the finite element analysis on our five material combinations. Currently, the National Institute of Justice (NIJ) admits a maximum backface signature (rear deflection) of 1.73” in a bulletproof vest, so this standard was used as a comparison to the deflections experienced by our material combinations. Table 2 shows the comparison among the different material combinations in regard to maximum deflection, maximum strain, and their relation to the current NIJ standard for bulletproof vests.

Table 2. Results of finite element analysis

	Thickness (in)
HDPE      EVA
	Maximum Deflection (in)
	% of NIJ Standard
	Maximum Strain (in)

	1/8
	5/8
	1.60
	92.5
	94.2

	1/4
	1/2
	1.10
	63.6
	72.3

	3/8
	3/8
	0.49
	28.3
	32.3

	1/2
	1/4
	0.26
	15.0
	17.2

	5/8
	1/8
	0.15
	8.7
	9.8


Also, a simple force analysis was conducted to estimate the forces transferred from the impact surface of the collar, to the rear where the player’s neck would be located. As shown below, the acceptable level of shear force on the neck determined from vehicle impact testing is 697 lbf (3100 N). 
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Using the assumption of a hard plate impact surface, it was determined that the force transferred through the collar is 625 lbf (based on a 5000 psi impact load). This means that the force transferred through the hard plate (neglecting the foam energy absorption) is acceptable at 89%.6 of the standard. With addition of the foam energy absorbing capabilities, the level of force actually transferred to the player’s neck would be significantly less.

3.5.2.3
Analysis

From Table 5, a very large range of results can be seen within the ¾” total thickness combinations. A few key trends should be noted however. As the thickness of the HDPE plate was increased, the material exhibited a drastic decrease in the deflection. This makes sense, because as the thickness of the hard material increases, the impact of the ball will have less effect on the deformation of the material. However, also with an increase in the thickness of the HDPE (and therefore a decrease in the thickness of the EVA foam) the maximum strain of the material decreased. Agreeably, the combinations with thicker EVA foam exhibit much higher deflection, but also much higher strain values of strain. 

The simple force analysis shows that using the assumption of a hard flat plate, our hard plate reduces the force transferred from the baseball to the player to an acceptable level of 89.6% of the current standard. Also, the simple analysis does not take into consideration the addition of energy absorbing foam on the backside of the hard plate. The addition of energy absorbing foam would reduce the total energy transferred from the ball to the player through the collar, therefore reducing the force on the player’s neck significantly more than shown by the simple force analysis.


3.5.2.4
Selection

It was decided that the 3/8” HDPE – 3/8” EVA material combination was most suitable for the protection collar based on its balance of maximum deflection and maximum strain. The maximum deflection of this material combination was 0.49” (28.3% of NIJ standard) proving its relative ability to spread the impact force over the rear surface of the plate. A less localized force on the rear surface characterizes the lower level of deflection. This material combination also exhibited an adequate level of maximum strain, which is correlated to relative energy absorption. Although this material combination does not have the lowest deflection, or the highest energy absorption (strain) it was chosen based on its balance of the two characteristics. As stated before, as a material combination that excels in one characteristic does so with a matched decrease in the other characteristic.

Another attribute to note is that the collar was modeled under worst-case impact, when the collar is touching the player’s neck. The average adult male will have a 1/2” gap between the collar and the neck, so even under impact/deflection, the collar will likely not even touch the player’s neck.
3.5.3
Clay Impact Test 


In order to give a visual representation of the effectiveness of the collar on protecting the neck region, a series of simple impact tests were done using clay impact as the surface being analyzed after impact. The impact test was done by placing various clay surface samples along a hard surface, with varying levels of protection.  An arrow with a golf ball affixed to the tip of the shaft was then shot from a compound bow into the clay samples. The arrow was chronographed at 170 ft/sec giving it a kinetic energy of approximately 84 Joules (Equivalent to a 76.5 mph baseball). The arrow/golf ball combination can be seen in Figure 11.
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Figure 11. Test projectile

The levels of protection provided to the clay surface were No protection, 1/2” EVA foam, 1/4” HDPE plate, and a combination of the EVA and HDPE. These combinations can be seen in Figure 12 and 13. 

Figure 14 shows the comparison of the clay impact sample after impact with no protection, and under the protection of the combination material sample. It can be seen that there is a drastic difference in the response of these two samples. With no protection, the impact causes erratic deformation of the clay sample. With the material combination, the impact causes little deflection, and a very uniform impact surface. From the clay impact test, it can be concluded that the use of the protection collar by a player would lead to a significant decrease in the damage done by impact from a high velocity baseball.
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Figure 12. Clay impact sample with no material.
[image: image18.png]


[image: image19.png]


[image: image20.jpg]



Figure 13. From left to right, Clay impact samples with EVA foam only, Hard Plate only, and EVE/Plate combination.
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Figure 14. Relative comparison of impact damage with and without Collar material combination.
3.5.4 Collar Ergonomics
The nature of the “wear it” project requires that a person wear the collar. This means that the interface between the human body and the collar be taken into consideration. The dimension of the head, neck, and shoulders determine the final geometry of the collar. In previous reports, the team considered the shape and position of the muscles in the neck area, but did not consider the actual dimensions of the body. In addition, the total weight of the collar is considered based on the comfort of the players with the current helmet options.
3.5.4.1
Dimensions
The geometry of the collar design is based upon the anthropometrics of the head. Some of the measurements relevant to the collar based on the 99th percentile of the male population in inches [7] are:
· The maximum head breadth measured above the ears is 6.5”. This measurement relates to the minimum diameter for the collar so players can pass it through their head.
· The measurement from the tip of the chin to the back of the head is 8.2”. This measurement relates to the lateral distance of the collar to provide complete protection for the jaw.
· The total neck height is proportional to the height measured from the top of the head to the base of the nose, which is 6.6”. This measurement relates to the height of the collar on the back of the head.
· The difference of height from the back and front of the neck is proportional to the height from the base of the nose to the tip of the chin, which is 3.4”. This measurement relates to the height of the collar nearest to the chin.
In Table 3, the girth of certain parts of the body are presented, based on mature men clothing sizes, according to the American Society for Testing and Materials [2]. The “girth” is the measurement of the average thickness of such areas. By knowing the thickness at the base of the neck and the mid-neck the team can determine the angle in which the vest would be “molded” to provide an accurate fit, without suffocating the player with the collar. Also, since the difference in thickness is taken into consideration, a more natural appearance can be given to the final prototype by a natural curve on the neck.
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Table 3. Standard Tables of Body Measurements for Mature Men. (Source: ASTM)
	Girth Measurements (inches)
	Sizes

	
	

	
	34
	36
	38
	40
	42
	44

	Head Girth
	215/8
	22
	223/8
	22¾
	231/8
	23½

	Neck Base Girth
	151/8
	155/8
	161/8
	165/8
	171/8
	175/8

	Mid-­‐Neck Girth
	14¼
	14¾
	15¼
	15¾
	16¼
	16¾

	Shoulder Girth
	423/8
	435/8
	447/8
	461/8
	477/8
	495/8

	Chest/Bust Girth
	34
	36
	38
	40
	42
	44


The team will use all the geometries provided to design a final prototype for testing. For our business case, the dimensions of the collar will be specified to provide the best fit for every age group.
3.5.4.2
Weight
One of the main customer requirements was that the collar be lightweight. However there is no standard metric for protective gear that indicates which the optimal weight should be. The team look into several helmets worn by the Major League Baseball (MLB) players. The top providers for baseball helmet are Rawlings, Nike, Easton, Mizuno, and All-Star. Every helmet has a different weight, but the lattes model of the Rawlings helmets provided useful information. The S100 Pro weights 22 ounces and some players complained that it was a heavier helmet.
Based on the reviews on the Rawling’s helmet the team determined that the collar’s total weight should not be higher than the 50% of the helmet, a total of 11 ounces. If players are not comfortable with a heavier helmet, they would not be pleased with a neck guard, collar, which represents an added weight during the game.
3.6
Final Collar Design

The final design for the “Wear It” Collar was develop using “Creo” software for 3D design. 
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Figure 15. Final Collar Design

Each feature of the collar will be detailed with the corresponding dimensions, they can also be found in Table 8:

· The collar goes around the neck of the player with an inner diameter of 7.5 inches as seen in Figure 16. This represents that any adult men can wear the collar, since the diameter value was defined from the dimension of the 99th of mature men head breadth. 

· The shoulder supports, called wings, provide the collar with a point of support so the player does not feel the entire collar directly restraining motion, with a width of 2.5” (Figure 16). Also they provide for the connection with the strap arrangement. These wings have a 30° angle from the horizontal to conform to the upper chest form as seen in Figure 18.

· On the center of the back of the collar there is a vertical piece that extends over 1.5” over the collar and 2” underneath it, as seen in Figure 17. These extensions provide for better protection, the top piece aids when the ball hits the bottom of the helmet and the bottom piece helps the collar remain in an upward position and also to secure the back strap to the collar. They also count with a 30° angle from the vertical to allow the extension motion, tilting the head backwards as seen in Figure 18.

· On both wings and the bottom extension there are two slots for the straps to pass through (Figure 16 and 17). The width of this opening is 1.25” that allow that straps of 1” fit a clearance of 0.125” on each side. 

· The height of the collar at the level of the chin is 1”, allowing players to rotate their head to the sides without being injured/impede by the collar. 
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Figure 16. Top view dimensions of the collar.
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Figure 17. Front view dimensions of the collar.
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Figure 18. Side view of the collar in a human model.
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Figure 19. Collar dimensions.
Table 4. Final Collar dimensions.

	Description
	Value (in.)

	A
	Back Height
	2.25

	B
	Back/Top Height
	1.50

	C
	Back/From Height
	2.0

	D
	Front Height
	1.00

	E
	Total Back Height
	5.75

	F
	Back Piece Width
	2.50

	G
	Shoulder Piece Length
	2.50

	H
	Shoulder Piece Width
	1.50

	I
	Collar Diameter
	7.50

	J
	Strap Hole Width
	1.25

	K
	Strap Hole Height
	0.125


4.
Market Examination 

When examining the market to which “Wear It” will be introduced, we studied every single aspect we considered relevant. These were:

· Player Habits – what do baseball players do currently; how they play?
· Market segment – the size of the baseball market.

· Player Profile – who is the target market? 

· Research and Studies – data and numbers to validate the need of a batting protective equipment of this type.

· Market Share – what the current market is for this type of product to see whether it would succeed or not.  

· Sales Volume and Goals – estimated number of units that could be possibly sold. 

4.1 
Player Habits

Nowadays, there is a trend in baseball in which players are being instructed to take a pitch for the team because every time this happens, players are allowed to get to first base; hence, increasing their chance to score. The statistics for NCAA baseball for 2013 are showing that there is a very strong correlation between the numbers of HBP (hit by pitches) each team had, and the team’s win – loss record. For NCAA divisions 1-3, those teams that had the highest HBP, were also usually the teams that had very high winning percentages, whereas the teams with the lowest number of HBP, had the lowest winning percentages with a few exceptions.
4.2
Target Market/Market Segment 

There are 500,000 Americans playing baseball. There are 14,988 teams and 455,414 participants in high school baseball alone (Howdeshell). The target market of “Wear It” is not only high school students, but also players in college, major leagues, and junior major leagues. They are all the targets of “Wear It” based on the increasing prevalence of HBP (hit by pitches) and the increase velocity of the ball being pitched. 

This product is especially made for those players that are being instructed to turn away from the pitch in “an attempt” to avoid being hit by the pitch, and in doing so exposing their unprotected neck, spine, and the back of their helmet. This trend seems to be most prevalent in the more competitive baseball leagues with championships, all-stars, etc., with balls speeding at 60-100 mph. Those players hit in the back of their heads seem more inclined to suffer a concussion from a blow of a pitch than those hit in the anterior portion, according to the research study “Analysis of Baseball-to-Helmet Impacts in Major League Baseball” (Athiviraham). 

4.3
Player Profile

The player profile for “Wear It” can be classified into two main categories. The first category includes youth baseball players. That is, teens and high-school players ranging from ages 13-18 that play mainly for fun and at school. The second is made up of players in college and major leagues. Players in this second category are mainly adults ranging from ages 18-45. Regardless of these age differences, all the users of “Wear It” have something in common: they are seeking to protect their neck region, which is at risk of getting hit by a baseball pitch.    

4.4
Research and Studies 

Research shows that from 1987-1996 the overall injury rate for baseball was 1.69 injuries per 1,000 participants per season, totaling 29,038 injuries. This included 13 boys that died playing little league baseball (Science Blog). The leading three injuries for batters, in general, were contusions 46%, fractures 29.7 %, and sprains 6.4% (ibid). 

“Catastrophic injuries are rare; yet, most occur when players are struck in the head or chest with a ball or bat. On average 3 to 4 players (under the age of 15) die each year from baseball-related injuries. As small as this number is, however, baseball still has the highest fatality rate among all common youth sports” (Barton). “While the sport may seem safe then, that is little comfort for the parents of children who have been catastrophically injured or died” (R&B Law).
Statistics reported by the National Spinal Cord Injury Statistical Center at the University of Alabama at Birmingham are shown in Table 5. See that for ages 0-15 players have the highest probability (23.9%) of being injured. Second, from 16-30 years old, there is a 14.4% chance of being injured, which is also high. And lastly, from ages 31-45, the probability is 6.9%. These numbers assert that, indeed, these age ranges are the ones at which more spinal cord injuries occur, confirming that there is indeed a desperate need for a protective batting collar like “Wear It”. 
Table 5. Sports-related SCI by age at time of injury. (Source: NSCISC)
	Ages 0-15: 23.9 percent

	Ages 16-30: 14.4 percent

	Ages 31-45: 6.9 percent

	Ages 46-60: 3.8 percent

	Ages 61-75: 2.2 percent

	Ages 76-98: 0.6 percent


4.5
Market Share 

The sporting goods market as whole and the market for baseball equipment are multi-billion and multi-million dollar markets respectively. “The U.S. market for sports protective equipment was worth $1.8 billion in 2012. The market is projected to increase to nearly $1.9 billion in 2013 and $2.1 billion in 2018, a CAGR of 2.6% between 2013 and 2018” (PR Newswire). 

Older sports, like baseball, are experiencing low to moderate market growth when compared to others. According to the article “The Fastest Growing Sport In America Is...” the fastest growing sports in America are: lacrosse, MMA (mixed martial arts), in-line skating, and pickleball (Sandler). However, the over-all size of the baseball market and its volume of participants indicates that it could be receptive to a new product entry, particularly to one such as “Wear It”, which offers such an important potential benefit.

4.6
Sales Volume and Goals

To estimate sales volumes, the sale of helmets was studied and analyzed first. Consider, for instance, that each high school team currently has at least 6 batting helmets. These helmets range from $12 to $60 (Epic Sports). The helmets needed by these high school teams amounts to 89,928 batting helmets with a median price of $36. This places the value of the batting helmets in use at approximately $3.24 million dollars for the U.S. high schools alone. 

Given this information, Mr. Gavin Boone made an assumption that each team would also need at least 6 “Wear It” protective batting collars. These teams include: American Legion (with more than 5K teams), Babe Ruth (with 56K teams), Pony, Dizzy Dean, Khoury, USSSA, NEBAS, Wheel House, and U.S. Amateur Leagues (Wikipedia, List of Organized Baseball Leagues). These leagues help compose the 500,000 referenced earlier playing the game of baseball. If it is assumed that only half of the 500,000 players adopts this new piece of safety equipment, then it can be assumed that those 250,000 players would make up 15,625 teams (16 player average). Recalling that each team would need a minimum of 6 “Wear It” collars, the total estimated units that will be sold is: 15,625 teams x 6 collars per team = 93,750 units. So, the goal for sales volume has been estimated to be 93,750 units, in the United States alone. 

5.
Competitive Analysis

5.1
Direct Competitors 

There are none in this specific product category, which increases the probability of success of this project.
5.2
Indirect Competitors 

No organization or company has thought of inventing such a product like “Wear It” for the baseball world. However, there are many types of vest created for the players that protect other similar areas. For example, consider 'COOPER Batting Vest', a rather simple vest made out of “foam and poly core with a VELCRO brand hook-and-loop closure and an adjustable rear web strap” for a price of $39.95 (Flag House). 


Figure 20. COOPER Batting Vest. (Source: Flag House)
Another option is the 'Batting Vest BV-1530 by Adams OS', a one size fits all protection device “designed for youth baseball/softball players that aids the frontal chest and rib cage region of the player” for $49.99 (Diamond Sport Gear). 
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Figure 21. Batting Vest BV-1530 by Adams OS. (Source: Diamond Sport Gear)
However, the most popular baseball protective vest is the 'Evoshield Baseball Heart Guard’. It is “a custom-forming chest/rib protector with DSP technology that is ergonomically designed to follow the rib line and the back rib cage to allow natural athletic movement, and is made of a thin, lightweight composite material, covered in a breathable mesh top and a soft polymer backing” (Baseball Plus Store). Precisely, this product does not protect the neck, parts of the spine, or the back of the helmet; whereas, “Wear It” does protect them. Also, this product would need to be worn during the whole game and could add weight and heat during the fielding portion of the game. This vest is the most expensive of all the options, at a price of $89.99. 
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Figure 22. Evoshield Vest. (Source: Baseball Plus Store)
The Easton® Youth Torso-Tection Shell is also available. It does not offer neck or back protection, it is more of a chest protection garment and a protective compression fit shirt. It is made with a Bio-Dri® Fabric to keep the player dry and comfortable. Lightweight padding on the chest and sides provide protection and allow for full mobility. This shirt is a washer and dryer friendly, and could be purchased for $44.99 (Dick’s Sporting Goods).
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Figure 23. Easton® Youth Torso-Tection Shell (Source: Dick’s Sporting Goods).

Other products that may be considered competition for “Wear It” are elbow guards. For instance, EvoSheild’s Batter’s Elbow Guard, that sells for $ 39.99. Offering advanced custom-molding protective technology, EvoShield introduced the A120 Elbow Guard, an ultra-thin and lightweight elbow protective garment. It offers critical at-bat protection and a personalized fit to softball and baseball players alike, with a sleek design that won’t interfere with the players’ swing (ibid.). 
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Figure 24. EvoSheild’s Batter’s Elbow Guard. (Source: Dick’s Sporting Goods).
5.3
Competitive Advantage

This “Wear It” protective batting collar product will be the first of its kind to the baseball market. The product will not conceal the players’ name, number or the team colors. The product will not significantly interfere with the player swings. The product will be lightweight. The product may be removed or left on while the batter becomes a base runner. The product will reduce the pain of being struck by a pitch and the risk of death or paralysis if struck in the side and/ or back of the neck. The product could also reduce blows to the back of the batter’s helmet and therefore the likelihood of concussions when there is a pitch head high. 

Whereas other safety devices such as mouth guards, safety glasses, and helmets with face shields have been recommended by physicians, dentist, and safety advocacy groups for years with little success of scale adoption, this product will allow the player to turn away from the pitch to protect themselves without having to wear other devices that may obscure their vision, be uncomfortable, or look odd. Therefore, this will give it a chance to succeed, as did the batting helmet first worn in 1897 by New Giants catcher Roger Bresnahan (Epic Sports, Inc.). 
6.
Marketing Plan

6.1
Products and Service Offering


The “Wear It” protective batting collar will be a patented product as it is promoted to potential manufacturers for purchase. 

6.2
Marketing Strategy 

The marketing strategy will be to use a combination of targeted media and public relations executions to stimulate direct sales to/for the end users of our product. Since the product and its application are new, the task is one of education. For this reason, Mr. Gavin Boone, being the inventor, sales professional, former coach/athletic director, and a player-safety advocate, will be offering his services as a Marketing Consultant for the product launch. 

6.3
Branding and Promotions Plan

The protective batting collar, “Wear It”, has an immediate message to the target audience.  Traditional media advertising such as a product’s website, exhibits, television and radio interviews, newspaper and magazine articles, and public speeches will all be ongoing parts of the marketing plan for this project. All these will create public awareness of the need to protect youth baseball players from unnecessary pain, suffering, and loss of life (or quality of life). This, indeed, is the main mission of this product commercialization. As an incentive, each contributor to the promotion of “Wear It” will receive a unit for a player of their choice.

The plan is also getting individual or corporate sponsorships. These will help provide any team or league with the product for no charge to the players. In addition to individual promotion and sales, there will be an ongoing effort to sell the product to a manufacturer/ marketer of sporting goods. This will be done in order to speed the distribution of the collar, and hence, the protection to all baseball players. 

6.4
Distribution Plan
The idea for distribution is to find a buyer, with an already established distribution channel, that would be interested in buying the product concept. This would help speed the introduction and access of the product to the baseball community, and potentially save lives and prevent significant injuries sooner. This will be a comparably better alternative than having a Third Party Manufacturer do the work because this will require a capital investor. In essence, a search will be conducted to find those who presently have broad reach in the internet sale of protective baseball equipment and those that have store front distribution capabilities. Companies that could be potential buyers are: Atec, Champro, Easton, Rawlings, Schutt, Wilson, Evoshield, and WSI. 

6.5
Test Market

The Market Test Pilot Program will be held at the Leon County, Florida high school baseball leagues. Public schools to be included are: Chiles, Godby, Leon, Lincoln, Rickards, Florida A&M, and Florida State University. On the other hand, private high schools include: Maclay, NFC, John Paul II and Seven Hills Academy.

As of 2013, there were 25 teams in this specific area, with an average of 16 players per team (Maxpreps.com). Doing the math, it means there are approximately 400 baseball players. However, Mr. Gavin Boone estimates each team would only need approximately 6 “Wear It” collars. This brings a total of 150 units (minimum) if each team decides to participate in the introduction of the product and orders the minimum number required per team. 

7.
Operations Plan

7.1
Key Operational Processes

As mentioned earlier, there will be an ongoing effort to secure a buyer for the product/ prototype/patent. This will imply having a manufacturer for the product that will be in charge of coordinating the production and distribution of “Wear It”. The buyer will have to meet the objectives of the vision statement and make an equitable offer based on the market potential for the product. This alternative, as mentioned before, is a more appealing distribution plan than having a third party manufacturer because it won’t require starting/finding a manufacturing plant and a method for distribution of the product, nor an initial investment. However, a manufacturing option for mass distribution will be explored if the national purchaser is not found before the spring 2015 baseball season. Regardless of which process ends up taking place, a patent needs to be completed. 

7.2
Patent Completion 

Now that the Senior Design Team has completed the “Proof of Concept” at the FAMU-FSU College of Engineering, the next step is a Patent Completion. Assistance from Bill Hollimon, a patent attorney at Hollimon P.A, will be enlisted if Florida State University is still involved and helping with the $8K to 10K patent research and patent completion process. The timeline on this process will be very important as there is a one year from the provisional patent submission date which is July 2013. 

7.3
Licensing the Product for Commercialization

According to the Sloan Brothers, inventors and licensing advisors, “getting a company to license your invention from you is far from a simple task. The fact is, the rate of inventors who successfully license their invention is very low—much less than 10%. Tenacity, preparation, and professionalism must become your hallmarks” (Sloan). 

If “Wear It” is licensed, the main benefits will be receiving royalties on the sales of the product and having a lot more time to tend to other activities, while the product becomes a reality more quickly, and perhaps saving more lives.  

Here are some import steps in order to successfully approach licensing the protective batting collar “Wear It”: 

1. Become an expert in the field of this market knowing the competition, the potential market size, the projected demand for the product, and the competitive advantages of “Wear it” for all of the stakeholders involved.

2. Be credible and explain the significant threats to the uptake of the product in the various market segments (middle school, high school, college, professional leagues).

3. The presentation needs to be professional, including market research data, competitive analysis, patent status, and extent of the patent coverage. Having a letter for the patent attorney that summarizes the search results and pertinent product claims is also necessary. It must include specifications, drawings, prototypes, testimonials, and demonstrations of the features and their value-added implications. 

4. Be sure to sign appropriate confidentiality agreements with targeted corporations. 

5. Be sure that the patent attorney is involved in reviewing all the agreements that are issued by the potential licensee to ensure proper protection and that the protocol are being followed to protect the intellectual property.

6. Check to see that the potential licensee has the manufacturing and distribution capabilities needed for the project to be successful for full implementation and distribution in the U.S. and/or internationally. Be able to show the company how the product may compliment or complete their current product lines.

7. Always start at the companies’ licensing office by getting a case file opened while attending to the company’s confidentiality procedures.

8. Find a product champion within the company who will try to pull on the idea while pushing for the deal to take place.

9. Learn from rejections by asking why and apply the learning to the next opportunity.

10. Having multiple potential licensees will improve the odds of the product being licensed and perhaps give needed leverage during negotiations with competing companies.

Here is a list of major baseball equipment manufacturers that produce protective equipment, where “Wear It” may be a complementary product for a line extension: Evoshield, Champro, Easton, Rawlings, Schutt, Wilson, Atec, and WSI, the first being the type of company Mr. Gavin Boone really looks to align with. Evoshield specializes in non-traditional protective equipment, especially for baseball players, and have their products being utilized in the college and major league ranks, as well. 
If this plan doesn’t work, other option for advancing the project would be to use a website such as http://www.ideabuyer.com/patentsforsale/ to advertise and sell the completed project to investors looking to purchase patented inventions/products. This site states that: “One great way to sell your patent is to list it for sale on a patent listing marketplace such as ours. These are websites where inventors list their patents for other inventors or companies to look at and potentially buy” (Idea Buyer).  

8.
Management Team

8.1
Structure and Organization

Mr. Gavin Boone is the inventor and creator of “Wear It”, a protective baseball collar. He, with the help and guidance of a group of dedicated and passionate professionals, including sculptors, professors, and lawyers among others, devised this great product that will protect hundreds of baseball players. The concept of this product came to life, and will continue to develop, thanks to the effort of the following people mentioned ahead.   

8.2
Key Team Members & Roles

· Gavin W. Boone – Inventor and Project Manager of “Wear It”. He is a part-time MBA student at Florida State University. 

· Michael Jernigan – Sculptor. Helped complete the original drawings for the provisional patent and business plan inclusion.

· Dr. Tim Holcomb – Jim Moran Assistant Professor of Management and Entrepreneurship. Provided guidance for the product commercialization and network connections for the proper steps for the process.

· Bill Hollimon – Patent Attorney, MBA. Will be arranging a discussion with John Fraser regarding a partnership in the development of the device that would help advance the product and penetrate the market within a year.

· Dr. Okenwa Okoli – Chair of the Industrial and Manufacturing Engineering Department at the FSU-FAMU College of Engineering. Reviewed the product concept and educated the inventor on the options the university could offer to proof the concept for potential commercialization.

· John Fraser – Assistant VP for Research & Economic Development at the FSU Office of Research / Executive Director of the FSU Office of Commercialization. Will facilitate the drafting of an agreement between FSU and Mr. Gavin Boone and/or the “Wear It” company, if needed to be formed.
· Gabe Hanway – Venture capital solicitor and investor. Is interested in leaving behind a positive legacy of his presence and has a keen interest in growing profits. Also, a professional photographer who if invested in the project could be a part of the Marketing team by assisting with both finding investors and by setting up photo shoots and media sessions.

· Doug Wright – Owner/Operator of CopyRight Copies. Will coordinate the design of the “Wear It” banners which will go along with the product, as well as on the official website. 

9.
Potential Problems and Solutions 

9.1
SWOT Analysis 

As with any new product or service that is about to enter the market, a SWOT analysis was made for “Wear It” in order to determine what its possibilities were. 

Strengths

· “Wear It” will be the first piece of safety equipment that protects the neck, spine, and back of the helmet when a batter turns to avoid being hit by a pitch.

· “Wear It” will allow the referee and fans to still be able to see the name and number of the batter while it is being worn over the standard uniform.

Weaknesses
· It does not protect the face, elbow, or lower portion of the body.

· Other protective equipment such as vests have never been successfully adopted at any level, so there will be resistance to changing the game and/or the equipment for the game. There have not been many significant advances in baseball in decades, if not a century.

Opportunities

· Reducing baseball-related injuries in athletes.

· Enforcement of the batting vest by standard baseball rules. “The best safety record in baseball is held by certain local leagues whose leaders have had the courage to require recommended safety equipment” (Reed).
· “Professional and college baseball leagues should also adopt these safety recommendations. That would all but eliminate youth resistance” (ibid.).
Threats
· Players and baseball organizations continuing to ignore the risk of baseball injuries, and not wanting to see the protective advantages that “Wear It” has to offer. “Youth leagues apparently figure it's hard to sue them, so they will continue to ignore the injuries” (Reed). 

· Players’ fear of being ridiculed by others.

· Parents’ fear of retaliation by coaches and/or league officials if they unilaterally adopt the safety recommendations by having their child wear the recommended safety equipment. They fear that, as a result, their child will not: be chosen for the higher level teams, be assigned a good position, start in games, or make all-stars.
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Figure 25. SWOT Analysis.
10.
Financial Plan

10.1
Costs 

Costs per unit were calculated as following:

· EVA foam ………………...  $3.50 

· HDPE ……………………..  $9.50

· Contact Cement ……..…....  $3.00

· Straps & Buckle…………… $5.00
· TOTAL COST ……..……..  $21.00 + manufacturing/labor costs ≈ $35.00
Total material costs summed up to $21, and there is room left for possible manufacturing or labor costs to up to $14. Hence, the total cost per unit was finally estimated to $35. The prices for the EVA foam and the HDPE, were calculated based on the size of the collar (24 in x 12 in), the size of the material sheets, and their price. For instance, the EVA foam bought by the team comes in 40 in x 80 in sheets, and costs $30. Doing the math, you could get materials for 9 collars out of one sheet, which estimates the material for one collar at $3.50. For the HDPE, sheets come in 24 in x 48 in sheets, and their price is $37.68. Hence, from one sheet you could make 4 collars, and the price per collar would be $9.50. The prices for contact cement and for the straps & buckles were estimated based on research, bringing total cost to $21 dollars. This accounts only for material cost, so we left room for other costs like manufacturing or labor costs, assuming a total cost of $35.

10.2
Pricing 

Regarding pricing, this values seem reasonable:

· Cost per unit: $21 + manufacturing/labor costs ≈ $35  

· Price per unit: $55 

· Gross Margin per unit: $20 

· Potential Profit: $1,875,000

Estimated profit was generated based on the goal sales volume that was mentioned previously, 93,750 pieces. If all these units are sold by $55, there will be a gross margin of $20 per unit. This number, times the numbers of units, estimates an amount of $1,875,000 in sales profit. The question that will be answered next is if the cost per unit was calculated properly because it is only an estimate and does not include the cost of manufacturing, distribution, and marketing that will be necessary to achieve this big hairy audacious goal.

10.3
Profit Model

The main element in the revenue model is to determine both the actual cost to produce the protective batting collars at various production levels, and the price it will be sold to customers. Again, these are estimates shown previously for planning purposes only that will be later determined and finalized after future tests are done. Price setting will be an important step for the introduction of this product, and recommendations from the Marketing Department at Florida State University will be carefully considered, as well. The price point for individual buyers would be based on surveys conducted with stakeholders and comparatives to other protective devices, such as batting helmets, elbow pads, shin guards, and athletic supporter/cups that are presently being marketed to protect baseball players. 

In the end, the plan is to have the “Wear It” protective batting collar available to local leagues, schools, and in sporting goods stores, as well as on a product website for delivery via third party delivery.
10.4
Patent Cost 

According to the U.S. Patent and Trademark Office, there are four basic fees required to get a patent (“Patents - How much does it cost to get a patent?”):

· The first is the filing fee, which is a non-refundable fee whether or not the patent ends up being granted. Basically, this is the cost to have the invention examined by the U.S. Patent and Trademark Office. 
· Then comes the issue fee, which is paid only if the application is allowed.
· The third type of fees are maintenance fees, which are paid at 3 1/2, 7 1/2, and 11 1/2 years after the patent is granted to maintain the legal protection. 

· Lastly, attorney fees, for all the paperwork that needs to be done.  

Patent fees vary depending on the type of patent application that is submitted. For a Design Patent, the type required for “Wear It”, fees on year 0 were estimated to be $19,090 ≈ $20,000 (“Current Fee Schedule”): 

· Application filing fee: $1,090

· Issue fee: $10,000 

· Maintenance fees: $980 (every 3 ½, 7 1/2, and 11 1/2 years) 

· Attorney fees: $8,000 

10.5
Economic Models
Two economic models were made, considering that the collar will get patented. It is not in the sponsor’s plan to carry the total risk on making such a big initial investment, but rather seeks sponsors that will purchase the patent rights or assist him with the manufacturing by licensing the patent of the product. 
10.5.1

Option 1

Option 1 consists of patenting the protective collar and then selling the entire patent to someone that may be interested. The inventor will basically sell his idea, and he will no longer be the owner. Economically speaking, just to obtain the patent, it will cost the sponsor around $20,000. This price includes the basic utility patent application filing, utility patent search fee, patent issue fees, and any attorney fees that may be necessary. Then, the sponsor will have an option to sale the patent for an estimated value of $300,000 to a company. In that way, he will be receive a one-time profit if $280,000.
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Figure 26. Economic model Option 1. 

10.5.2

Option 2 

Option 2 also consists of getting the patent for the product, but the difference is that the sponsor will keep the patent and instead license it out to multiple companies that may be interested in producing the collar. As in Option 1, the sponsor will still need to pay the estimated $20,000 in year 0 in order to patent it. Additionally, he will need to pay maintenance fees, paid at 3 1/2, 7 1/2, and 11 1/2 years after the patent is granted, in order to "maintain" the legal protection granted by the patent. This option differs from the first that he will still own the patent and whenever he license it, he will get a profit which amount will depend on the type of agreement/contract they come up with. 
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Figure 27. Economic model Option 2.
11.
Future Work 

As far as future plans for the Wear It Protective Collar, the team realizes that a lot more work is to be done in order to successfully market the collar and make it available to the customer. Over the past year, the group has done a lot of work with analysis, selection, and testing in order to bring Mr. Boone a satisfying product that he can take to the next step. First off, the team believes that a more detailed Finite Element Analysis (FEA), needs to be conducted on the collar. The analysis that has already been completed was done based on a flat plate of the sample, not on the curved plate that the final design actually incorporates. This is mainly due to the time constraints that the team experienced, and the difficulty that comes with modeling the collar in further analysis. If this project is given to a Senior Design team in the future, or even if Mr. Boone decides to put together his own group to finalize the product, the FEA needs to be conducted based on a curved sample of the collar. The team worked on the modeling in the program CREO, a simplified version for FEA, but in order to be completely accurate and detailed with this analysis, a program should be run in ANSIS or COMSOL. These two programs would be a stronger representation of the results the team is looking to obtain, further justifying the idea that a collar is needed for baseball players.


Another aspect for the future of the Wear It protective collar plans is to institute more impact testing on a sample. The team was able to give a visual representation with the clay impact test to the advisors during the presentation phase that showed the effects done on the sample material, in 4 different aspects: with no protection, just EVA foam protection, only HDPE protection, and then a combination of the two. While this method proved to be useful and helped the advisors understand the effects the collar would have, a testing system that is more repeatable will definitely be desired in the long run. Earlier in the semester, the team was trying to use the MTS-850 table top compression tester that is located in HPMI, but unfortunately it was not functional. For the team in the future, the idea is that this machine would be able to be used, and valuable testing and results would come from it. This machine allows the team to see, with numerical representation, what the absorption energy and deformation of the sample actually looks like. With these values, the group can determine if thicknesses chosen for each material is suitable, and whether or not the collar that the team has prepared is ready for certain speeds of impacts. 


One thing that the team was not able to do this semester, is to create a prototype of the final collar design. There were a couple reasons for this occurrence; the main one being that the team was without a large budget, making it impossible to buy materials in bulk. The analysis and justification that the team went through was so extensive and time consuming that a prototype was just not in the cards for completion. Once more testing and analysis is done on the collar and material, as explained above, a prototype will be ready to be prepared. Whether this is done by the team, by a machine shop that is given the dimensions of the design, or by a separate company that takes the reigns from Mr. Boone, a prototype is extremely necessary in order to understand the marketing and production aspect of the collar. Once this is done, the team will be able to show it to prospective buyers, explain the benefits that the collar brings, and even the possibility to place it on real players to evaluate how they feel when wearing the collar. The prototype creation will allow for the team to do further testing on a player’s mobility while the collar is being worn, by testing the collar on certain subject of different ages. With the testing of mobility and fit, the design can be finalized and then produced on a larger scale for Mr. Boone. Once that occurs, the Wear It protective collar can be put into use for baseball players everywhere, making the game safer for everybody involved.
12.
Conclusion

In conclusion, the Wear It protective collar provides a significant advantage in terms of both safety and mobility, over any other product that is currently out and available today. As said earlier, there is currently no protective guard for the neck region, nothing at all, giving the team’s collar a significant chance to make an entry into the market. This would allow the product to become immediately successful if marketed to the right people, specifically young children and young adults. 


After significant analysis and research that the team performed, it was determined that the collar easily meets the standard set forth by the National Institute of Justice (NIJ), which says that bulletproof vests allow a maximum deflection of 1.73”. As can be seen from the tables throughout the presentation, the projected thicknesses the team chose, 3/8” for each material, falls significantly under the appropriate NIJ value. This statement just clarifies the idea that the collar the team has created is indeed an acceptable product for the customer to use in the future. The team also did sample calculations on acceptable shear force on the neck, for example from a car crash, and found an accepted value of 697 pounds-force. Assuming that the dynamic calculations and assumptions are applicable, after further analysis we determined that with the collar being worn, and only with high density polyethylene hard plate, the new value is 625 pounds-force. It is seen that the value is considerably lower than the standard that is widely accepted, and this is just with the HDPE plate, it will continue to lower once the EVA foam is inserted into the process. 


Overall, the team has made great progress throughout this past year in creating a protective collar that will be suitable for players of all ages. With this collar, players will continue to be protected on the field, while not compromising the athletic ability and mobility the player possesses. With a more detailed analysis completed, and a longer testing process implemented, the collar can be finalized by the team in the future, which will result in production and sales, eventually ending in significant profit for the Wear It protective collar team.
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Appendix C

Weight of baseball
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Radius of baseball
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Velocity of baseball
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Weight of human
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Impact energy of baseball
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Assumptions

1-Dimensional

Elastic

Uniform

Constant Force

Speed of Rubber
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Cannot find the speed of sound for leather or wool/cotton, so it’s assumed that the baseball is just a rubber ball.

Impact force of baseball
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Compression radius of baseball displaces about 0.4 inches with an approximate load of 600 lbf.
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