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[bookmark: _Toc180687759]Chapter One: EML 4551C

1.1 [bookmark: _Toc180687760]Project Scope
1.1.1 [bookmark: _Toc180687761]Project Description 
The objective of this project is to educate and foster engagement in manufacturing engineering in K-12 schools by reducinge errors and industrializing e the results of the previous automated button pin machine built by senior design team 522. to create a manufacturing educational demo for STEM engagement that resembles a real-world engineering environment. As of 2022, the United States ranks 28th out of the 37 countries in the Organization for Economic Cooperation and Development (OECD) regarding mathematical literacy among K-12 students, and the science literacy scores have remained virtually unchanged since 2018 (Kennedy, 2024). Providing hands-on exposure to automated manufacturing engineering will entice students to pursue STEM fields at a younger age.
1.1.2 [bookmark: _Toc180687762]Key Goals 
For this project to be successful, it is essential to build upon the previous senior design team’s results to enhance the system’s reliabilitythe previous senior design team's results should be built upon to improve reliability of the system. This includes the presence of simple methods for fault resetting and reduction of user interaction. The system designed must teach the audience about the automated manufacturing process. It should showcase a simple routine that assembles a personalized button pin and aligns with a realistic automated manufacturing environment. The system must also produceproduction of a tangible item for the audience to take away after the experience to keep will maintain engagement as the systemit operates.

1.1.3 [bookmark: _Toc180687763]Markets
The aim of this project is to enhance an existing product for educational institutions ranging from grades K-12. These institutions include educators, other faculty members, and students aged 5 and up. AnotherOne market is includes after-school STEM learning clubs that aim to expose their members to information about engineering topics and basic manufacturing principles. The project can also be marketed to individuals who are looking for personal knowledge. Generally, people may want to take on hobbies involving manufacturing, and this product would be able to provide a basic understanding to this demographic. Continuing with that theme, industry-lead professional development workshops providing training and insights into the industrial automation field to attendees who are looking to advance their careers are included in this project’s markets. Lastly, companies focuseding on finding automated manufacturing solutions would take an interest in the product. The project sponsor, Rockwell Automation, provided some insight into just how manythe vast number of companies that use employ their technology when it comes to for automation. Showing Using this product off toas a brief introduction into what Rockwell can do for potential customers different companies would be very beneficial. 


1.1.4 [bookmark: _Toc180687764]Assumptions
It is to be assumed that the system will operate with some level of user input. This allows the user to proceed at their own pace and for the human machine interface (HMI) to eexplain the different steps of the manufacturing process during operation. This will also maintain a level of hands-on experience that keeps users engaged. The system will also need access to 120-volt outlets. Provided this is true, the system will be adequately powered as the current design uses two 24-voltmultiple power supplies to run the system. Another assumption is that the user does not need any prior knowledge to operate the system. The operation and setup of the system will be well documented to ensure that anyone can operate the device. This also means any fasteners or tools needed will be provided with the system. This ensures that the product can be encompassed by educational institutions with no present manufacturing or engineering curriculum. A fourth assumption is that the system will be provided ample space and level surfaces for operation. The system producesis producing a physical item that involves moving parts. Adequate space and leveling will ensure the product can be operated safely without tipping over or falling down.

1.1.5 [bookmark: _Toc180687765]Stakeholders
The product’s main stakeholder is the company Rockwell Automation, who is the primary consultant on the project. These sponsors include Rockwell engineers Cliff Rice and James Fadool, as well as Rockwell consultants Shayla George and Tajaey Young. Rockwell Automation has is providing the most investment and has the most interest in the project, as the premise of the project is a direct request from the company and the budget is primarily sourced from them. A secondary stakeholder is Dr. McConomy, who will evaluate the team’s progress and deliverables alongside the course’s teaching assistants. In addition, Dr. Ordonez is a secondary stakeholder as the faculty adviser of the team, with a vast amount of knowledge on topics required for the development of the project. 
The most notable beneficiaries of this product are teachers and students. With the success of the project, Rockwell Automation aims to send the produced manufacturing system to schools in order to educate and engage young people future STEM students in the automated manufacturing process, a topic many early elementary schools do not include in the curriculum. The teachers and students will derive new learning topics from the project, which represents their stake in the results. 
[bookmark: _Toc180687766]1.2 Customer Needs
Rockwell Automation is partnering with the FAMU-FSU College of Engineering to create a model aid that showcases the automated manufacturing process. Building off last year’s design, Cliff Rice, James Fadool, Shayla George, and Tajaey Young from Rockwell Automation are the primary advisors for this project. Rockwell Automation is the primary customer for this project as it’s being designed specifically for their use. To better understand their needs, the advisors were asked the following questions.
Table 1. Customer Needs Table
	Questions Asked
	Customer’s Response
	Interpreted Need

	As the design is producing a physical item, how fast would you like each item produced?
	A rate of 60-90s per product would be good. Because this is a demo machine for learning, we want the process to be fast enough that it's interesting, but slow enough to watch each step. We also want a small group of people to have a product in a reasonable time frame. So 3-4 people could each have a product in about 5 minutes. 

	The product completes a cycle in a timely manner, roughly one minute. The product is slow enough to follow the process but maintains engagement.

	Once powered on, is the design expected to continuously produce items until powered off or take user input to operate on each cycle?
	1. We expect a start, stop, fault reset, and potentially a pause input.
2. If portions of the process require human intervention, you need to engineer in physical and or software safeguard.
3. If the machine can auto-cycle, producing several buttons without additional inputs between cycles, that is a bonus. In this mode, it would need to monitor material levels and stop when empty. 

	The product contains simple, useful safeguards for potential errors, as well as a start and stop input.

	What are the expected aesthetics of the project?
	1. The machine should be capable of being shipped, set up and operated by a non-technical user with no background on the machine. While we want the machine look to look clean & sharp, indicator lights go a long way towards this, but that is secondary to the physical requirement.
2. A setup guide will be required, either integrated into the machine on the operator interface or as a separate document/video. 

	The product is clearly explained for solo use by a non-technical user.

	Are there critical milestones set by Rockwell that we should be aware of?
	None yet. We will communicate them to you in advance.
	N/A

	What are some of the key goals that you would like this project to accomplish
	We would like the project to be aimed at educating K-12 students on the manufacturing process.
	The product captures key components of manufacturing and teaches students about the processes 

	What aspect of safety should our group aim to meet?

	The device should be safe for kids aged K-12. It should also not pose any risk to non-technical users when being set up and operated.
	The product poses no risk to non-technical users. 

	Based on the previous teams' design, do you want us to expand on it or go in a different direction?

	You guys should expand on the current design and do as minimal scrapping as possible. We don’t want to move backwards, think forward action only. The team last year produced a solid solution, but we’re looking for a higher level of reliable automation. If another direction is sought out for an aspect of the design run it by us for approval.
	The product expands upon the results of the previous team with a focus on automation improvement.

	Is there a specific group you would like this project to be aimed at? (K-12, College, Professional) 

	This project should be aimed at an educational setting. Work with a 1st grade teacher in mind as the operator and think of the audience as K-12 students.
	The product is simple enough for use by a young, non-technical audience.

	Would you like the final product to operate under supervision or somewhat autonomous?
	The product should be able to take user input but also complete a cycle autonomously. The buttons that currently exist and do individual steps of the process would be nice to maintain for error analysis; however, the goal is for a button to be fully produced with minimal user interaction.
	The product is operable and functions with minimal human intervention.

	What are the restraints in terms of size and weight? (Basically, are we keeping the project mobile)

	The product should be easy for anyone to assemble and disassemble so it can be moved around.
	The product is easily transported. 

	Where will this product be showcased?

	It is expected to be showcased at mainly K-12 schools, but also potentially colleges and career fairs.
	The product is understandable by all ages.

	Is there anything that you want to be incorporated into the final design? 

	Use Rockwell technology and hardware when applicable. You should focus on making the current design more reliability, more industrial, and like a real engineering environment.
	The product is reliable and realistic as a manufacturing process.

	Are there any assumptions that need to be made about the final product? 

	Anyone should be able to operate the product with relative ease and no safety threat.
	The product is safe for all ages.

	Is there any instructional component you want us to include or focus on?

	The product should focus on the manufacturing process and resemble a real-world scenario. It should operate slowly and simply enough for the K-12 audience to follow each step.
	The product resembles a realistic manufacturing environment. 



The information was gathered over the span of roughly two weeks with multiple forms of communication between the senior design team and the Rockwell sponsors. A set of initial, broad questions were verbally asked during a weekly cadence Microsoft Teams meeting. This allowed a longer list of questions to be generated from the first vague direction. The senior design team then communicated through email with the Rockwell employees to present the final list of questions included above. The Rockwell replies were directly copied and assessed to derive proper interpreted needs. These needs are positively phrased, expressed in the form of a product function, and follow the specificity of the initial Rockwell answers. The customer statements and interpreted needs allow the design team to ensure that realistic goals are set, and the customer is satisfied.

1.2 [bookmark: _Toc180687767]Functional Decomposition
Functional decomposition was performed to break down the complex system into smaller, more manageable subfunctions. This was done to clarify the overall objective and requirements of the product by isolating individual parts and analyzing their interactions. To enhance understanding of the system, a visual model was produced in the form of a hierarchal display and a cross-reference table was generated. 

1.2.1 Data Generation
Multiple sources were used to generate the data necessary to complete functional decomposition, the main one being the project sponsors. Throughout a series of meetings and emails with Rockwell Automation, customer needs were communicated, which the design team interpreted into engineering needs. These needs directed the functional decomposition, alongside analysis on the current state of the product. To obtain a better understanding of how the product is currently operating, the previous design team who worked on the project was contacted. The catalog of information obtained shaped the system and allowed it to be broken down into functions and subfunctions.
1.2.2 Graphic Introduction
A hierarchal flowchart, shown in Figure 1, was generated based on the selected functions and subfunctions. This was done to visualize the relationships between the functions and subfunctions. The system is labelled at the top with main functions connected beneath it. These main functions branch further down into more detailed subfunctions. With the system being an automated manufacturing device for STEM engagement, four main functions were derived: Manufacture, Educate, Control, and Support. These were further simplified into subfunctions, as displayed in Figure 1.  
[image: A diagram of a company

Description automatically generated]
Figure 1. Functional Decomposition Hierarchy Chart

Table 2 shows the produced cross reference table from the identified functions and subfunctions. The four main functions are displayed in row 1, and the subfunctions are listed in column 1. An “X” is placed in the corresponding column if the subfunction relates to the main function. This provides a visual representation of the influence the functions have on each other. 
Table 2. Function Cross Reference Table
	
	Manufacture
	Educate
	Control
	Support

	Receive button pin materials
	X
	
	
	

	Assembles button pin
	X
	
	
	

	Output button pin
	X
	
	
	

	Engage user
	
	X
	
	

	Displays manufacturing process slow enough to follow
	X
	X
	
	

	Resembles realistic manufacturing process
	X
	X
	
	

	Actuates upon user input
	X
	X
	X
	

	Receives sensor information
	
	
	X
	

	Operates by given computer data
	X
	
	X
	

	Halts in response to error or user override
	
	X
	X
	

	Stops upon completion
	X
	X
	X
	

	Maintains rigidity
	
	
	
	X

	Aligns materials accurately
	
	
	X
	X

	Assembles with ease
	
	
	
	X


2 
The primary purpose of the product is to educate K-12 students on an automated manufacturing process. The main functions were identified with this in mind, as well as a focus on improving the current state of the product. Rockwell emphasized the importance of fail-safe measures in the product, and the design team identified potential safety issues to properly generate the functional decomposition. One of the largest safety issues was noted as the Support, making it one of the main functions. The four main functions work together to achieve the customer needs in the final system. The Educate function is achieved through viewing the manufacturing process, which is automated but includes Control measures for the user to operate in case of failure. The product is intended to be assembled, disassembled, and transported with ease. The above functions and subfunctions ensure a safe, successful project based on the interpreted customer needs. 

[bookmark: _Toc180687768]1.2.3	Connection to Systems
The main objectives of the project are to reduce errors and industrialize the results of the previous design team. This includes an increase in reliability and reduction of user interaction. If priority is placed on the Manufacture function, the product may lack in the objective of reducing errors. As the product exists with a current design that emphasizes manufacturing, priority will be placed on Control instead. This will allow the process to be as safe and reliable as possible, with a reduction in user errors. The project objectives will be met, as the focus is on improvement of the current system and not design of a new system.
1.2.4 Smart Integration
Many of the functions and subfunctions generated will influence each other to varying degrees. Three of the major functions, Manufacture, Educate, and Control, highly interact with each other. As the product operates, it manufactures a button pin. As the given subfunctions are met, the user will follow the process with ease and gain exposure to a realistic manufacturing environment. The Manufacture and Control subfunctions work together to Educate the audience. The Support function influences the Manufacture function, as the product must maintain stability to successfully complete the manufacturing process. 
1.2.5 Actions and Outcomes
To satisfy all customer needs, the device must Educate the audience by showing them the manufacturing process and ensuring they are fully engaged during the presentation. It should Manufacture an object by taking in button pin materials, manipulating them, and outputting a fully functioning button pin. This process needs to Control the system by using a fully automated control system that starts, stops, pauses, and fault resets as needed. It will rely on sensors to gather data, analyze it, and send instructions to output devices to manipulate the button pin materials. Before outputting the final product, the device should inspect its quality and discard any that do not meet standards. Throughout these operations, the structure must Support all its components, reinforcing and ensuring stability whether stationary or while being moved.
1.2.6 Function Resolution
The product must manufacture a button pin for STEM engagement in K-12 schools. There are many functions and subfunctions that contribute to the success of the project; however, the smallest is actuating upon user input. The simple press of a button is a brief, but vital step as it initiates the entire manufacturing and education process. 
[bookmark: _Toc180687769]1.4 Target Summary
[bookmark: _Toc180687770]1.4.1 	Functions and Targets/Metrics
The previously outlined functional decomposition was performed to identify four major subsystems with 14 functions that must be accomplished to achieve the key goals of the project. The four main subsystems of the “Rockwell Automation Manufacturing for STEM Engagement” system are Manufacture, Educate, Control, and Support. The 14 functions generated fit into one or more of the four subsystem categories. To determine the success of the identified functions, specific values were set for the design criteria to meet. The targets are numerical values to quantify the success of each function, followed by the metric, which is the physical quantity being described by applied to the target. The validation method for each target is also outlined below.
[bookmark: _Toc180687771]1.4.2	Method of Validation
The project aims to educate and engage students in manufacturing engineering through an automated demonstration. To ensure the system’s success, the performance must be thoroughly validated. This will be done using a variety of testing methods that are outlined below and applied strategically to each target and metric. The testing methods used to verify each specific target are noted in later sections.
Performance testing will be used to assess the capabilities of the system specifically regarding speed, stability, and accuracy. This involves a variety of targeted techniques including load testing, which evaluates how the system behaves under the expected load of the linear actuator. It is also vital to employ stress testing that will push the system beyond its specified limit to ensure it can handle potential extreme conditions and recover from failures related to them. This may include excess force and improper user interaction. Endurance testing will assess degradation of the system over time, as it should be built from industrial hardened devices that withstand the effects of time.
Many derived targets and metrics relate to time and require the use of production speed testing. This will quantity how long a manufacturing step or process takes under typical and peak load conditions. It ensures that the system can handle user requests efficiently. 
One of the most integral methods of validation is safety testing. Given the young, non-technical audience, it is important that the device is as finger safe as possible. Functional safety testing will be used to evaluate the automated steps in the system, and mechanical safety testing will assess the design for any hazards in physical components, like sharp edges or structural integrity. Similarly, it is important to evaluate how user-friendly the system is in general. This includes testing the level of automation and requirement of user interaction through usability testing.
Several tools will be used to measure our targets and metrics. A timer will be used to measure any time-related functions. A load cell will be used for functions where the amount of force applied needs to be determined. A rep counter will be used for functions that need tracking of physical quantities. A protractor will be used for functions where angles need to be measured. A ruler will be used for functions where distance needs to be measured. Lastly, a scale will be used for functions where weight needs to be measured,

[bookmark: _Toc180687772]1.4.3	Derivation of Targets and Metrics
For each function generated in functional decomposition, the corresponding targets and metrics were set through extensive research and discussion among the design team. A few other necessary functions were also determined and are listed at the bottom of Table NUMBER in Appendix NUMBER. A thorough explanation of each target and metric is given in later sections. 
The manufacture subsystem had three functions, all of which had targets set based on the materials included in a typical button pin set (Amazon, 2020). It was noted that when determining a press fit force, the equation below should be used (Savvy Calculator, 2023).

The linear force required to successfully produce a button pin is roughly 150lbs, which allowed the assembly target to be set. 
The educate subsystem had its function targets set based on an existing button maker distributed by Tecre (Tecre, 2015). All versions of this button maker allow for around 200 buttons to be produced per hour. This equates to roughly 20 seconds to produce one button. The design team determined that this was a good reference, but too low of a time to also accomplish the educate functions. For that reason, the target was set at 60-90s with at least 4 automated steps that display update messages to the user. 
All functions under control were evaluated based on the current sensors in use and typical Rockwell sensor to determine a response time of under 100ms required. The failure and error rates were set to ensure customer satisfaction. 
The support targets and metrics were derived in communication with Rockwell Automation to understand who they want to market the product to and how it will be transported. The outside functions were found to be necessary for the success of the project based on sponsor needs as well, and the engineers in communication with the design team directed the specific values of the targets.
[bookmark: _Toc180687773]1.4.4	Manufacture Targets and Metrics  
The manufacture subsystem is a vital part of the overall system. Manufacturing is defined as the process of turning raw materials into finished goods. One of the key goals of this project is to teach an audience about the manufacturing process. This subsystem holds all functions related to producing a button pin. The subsystem has three primary functions: receiving raw button pin materials, assembling the button pin, and outputting the completed pin to the user. By going through each function, the audience will gain a better understanding of the critical steps in the manufacturing process. To ensure the manufacture subsystem is effective, targets and metrics were identified for each function
To produce a button pin, the system must first receive the raw materials. The metric chosen for this function is the number of pieces received, with four pieces being the target value. The target value was derived from the number of required materials to make a completed button. This function will ensure that all necessary materials are accounted for before the manufacturing process begins. The metric will be tested by how many pieces of each material are detected by the system before manufacturing starts. To validate the data, team members will conduct counts of the physical quantities and compare them to values output by the system. 
The following function in the subsystem is to assemble the button pin with the given raw materials. To form a button, these materials must be pressed together. The metric identified for this function is the amount of linear force applied during the pressing process. The target value for this function is at least 150 pounds of force. This will ensure that all the components are securely combined to prevent faulty or damaged buttons. Load testing will be performed, and the metric will be tested through multiple test runs of the pressing process. It will be validated by hand calculations and load cell measurements taken during these runs by the design team.
The last function of the subsystem is to output the completed button to the user. The identified metric for this function is the time taken for the completed button to be transferred from the pressing stage to the safe zone. The target range for this metric for this step is 0-20 seconds. This ensures that the user receives their button promptly and observes the result of the manufacturing process. This metric will be tested through production speed testing with multiple system test runs and validated by measuring the amount of time it takes for each run, with adjustments when necessary.
[bookmark: _Toc180687774]1.4.5	Educate Targets and Metrics 
The educate subsystem was previously identified as an integral component of the system’s success with three corresponding functions. A key goal of the project is user engagement and interaction, meaning it is important that the system functions at a pace quick enough to hold attention, but slow enough to follow each manufacturing step. The system needs to engage the user, while resembling a realistic manufacturing process and adequately displaying it to the audience. 
To ensure the user is engaged, the production rate was selected as the metric evaluated. This is the time taken to complete one personalized button pin. A target of 60-90s was set, as the product should not take much longer than one minute to avoid redirection of the young audience’s attention. This metric will be tested with production speed testing by completing a series of button pins on the machine and recording the time from the first user interaction to the output of the final product. To validate the data, the test engineer will conduct the testing with an additional team member acting as the operator.
For the system to resemble a realistic manufacturing process, usability testing will be employed. The metric for evaluation is the quantity of automated steps. The target was set at a minimum of four automated steps including the reception of raw materials, assembly of the top components, assembly of the button top to the button back, and outputting of the final product. To validate the data, the test engineer will record the number of manufacturing steps that are completed automatically and confirm the results with the design team.
The system must display the manufacturing process to the user, meaning that it is visually appealing and easy to understand. The chosen metric is the quantity of update messages displayed to the user through the human machine interface (HMI). This will be validated by the test engineer through usability testing done with several different people acting as the operator, including members of the design team and sponsors as well as non-technical users. 
[bookmark: _Toc180687775]1.4.6	Control Targets and Metrics
The control subsystem is designed to manage the system's responses to both user interactions and internal automated processes through coding. For our design to operate effectively, the code must accurately execute inputs to automate the manufacturing process. Each of the following functions are vital for the overall control and efficiency of the system, ensuring it operates effectively within its designed parameters.
The first key function is actuating upon user input, which ensures that any user commands are executed within one second. This rapid response is crucial for maintaining user trust and operational efficiency, allowing the system to remain interactive and responsive. The target was set at less than 1s and will use internal performance testing imbedded in the code to print the total time from interaction with the user to execution of a step. This will be done multiple times, and the values will be recorded and validated by the test engineer. 
The receiving sensor information function is responsible for the collection and initial processing of data from various sensors. This data is crucial for the subsequent decision-making processes, with a target to complete this task in less than 100 milliseconds. This swift response allows the system to adapt quickly to changing conditions and maintain a high level of performance accuracy. The performance testing will be done identically to the previous function and involve internal code to print the reaction time.
The third function, operates by given computer data, focuses on how well the system adheres to the predefined algorithms and commands. The system aims to have a failure rate of less than 2 percent in executing these commands, ensuring reliability in the automated decisions it makes. The test engineer will conduct stress testing to push the system beyond typical conditions and ensure this does not cause failure.
Another critical function is halting in response to error or user override, where the system needs to safely and efficiently pause operations. The mean time between errors should be less than 10 minutes, reflecting the system’s ability to run smoothly over prolonged periods without significant issues. Performance testing will allow an internal counter to mark each known failure and save the data for the test engineer.
Lastly, the stopping upon completion function ensures that the system can cease all operations within 30 seconds of completing a task or detecting a critical operational error. This capability is vital for preventing unnecessary resource use and ensuring the system's longevity.
[bookmark: _Toc180687776]1.4.7	Support Targets and Metrics
The support subsystem is another critical component of the success of our overall system, and it will utilize three corresponding functions. The primary focus of the design team is making the system safer and ensuring it produces a good button pin. The system must be able to meet certain safety metrics while also being easily transportable and accurate in creating this product.
The first function is that the device maintains its rigidity. To prioritize safety as previously mentioned, the design team narrowed its focus on the reduction of the frame deflection angle. This angle is what was decided to be the metric of the function, and the target range that it will fall into will be less than 3°. After identifying this issue in the initial testing of the device, it was decided that to make the system safer for children, the deflection angle that the device would undergo due to the linear actuator would need to be constrained. This will be load tested by attempting to find the lowest force that must be applied by the linear actuator that may reduce the deflection angle. 
The second support function is that the device will align the materials accurately. This function will ensure that the materials used to assemble the button pin can make a product that is as close to perfect as possible. The metric to be used for this function is the conveyor belt’s position accuracy. The conveyor belt in this system is immensely crucial to the product. It moves the materials across the system and is responsible for putting the pieces directly underneath the linear actuator so that the pin may be pressed down upon. The target range for this metric must be small to have the most accurate placement possible for the product, which has been outlined as a range between 0 and 3 millimeters. This will be performance tested through a series of trials beginning with the conveyor belt at various locations. 
Lastly, the device will be able to be assembled with ease. The company sponsor, Rockwell Automation, wants the device to be able to be easily transported from location to location to increase the educational reach of the device. The metric to be used for this specific function is the time spent unpacking and setting up the device, and the target attempted to be accomplished is under 30min. The product in general is aimed to be assembled and disassembled by a user that is not an engineer and has no technical background. Usability testing will be employed to repeatedly test how quickly the device can be put together using a specific set of instructions. 
[bookmark: _Toc180687777]1.4.8	Targets and Metrics Outside of Functions
In addition to functions within the manufacture, educate, control, and support subsystems, three outside functions were identified to ensure the system meets its key goals. These functions include storage for the button pin materials, system longevity, and ease of transport. Each of these functions contributes to the reliability and usability of the system. Targets and metrics have been established for these functions so that practical needs are met, and the system can operate efficiently.
The first additional function is the storage of the button pin materials. This function ensures that the raw materials are stored securely and readily available when the manufacturing process starts. The metric identified for this function is the number of pieces that can be stored. The target range for this metric is 10-15 pieces for each material. This ensures that the system can operate and complete multiple buttons before needing a restock of materials. The metric will be tested by the number of pieces that can be stored without causing a delay in the manufacturing process. Test runs of the system will validate the metric to determine how long the system can operate before needing a restock.
The following function is the overall longevity of the system. This ensures that the system can operate reliably over extended periods of time with minimal maintenance. The metric identified for this function is its service life. The target for this metric is that the system should last at least ten years before requiring major maintenance. This means that the system will remain durable and functional with minimal breakdowns. The metric will use endurance testing with continuous runs of the system and will be validated by stress tests to assess wear and tear over time. The individual components will also be analyzed to ensure they are adequately industrially hardened.
The last function is the ease of transportation. The system is expected to travel globally, and this function will ensure that it can be moved efficiently from different locations. The metric for this function is weight. The target for this metric is to be less than 30 pounds. This ensures that anyone can move the system without it being too heavy. Mechanical safety testing will be performed by a variety of individuals moving the system to various locations in the College of Engineering, and the results will be validated by fatigue levels.

[bookmark: _Toc180687778]1.4.9	Summary of Critical Targets and Metrics
Upon completion of the targets and metrics catalog, the design team evaluated the results to extract the most critical ones, which are displayed in Table NUMBER below.
	Table 3. Critical Targets and Metrics

	Subsystem
	Function
	Metric
	Target
	Unit

	Manufacture
	Assembles Pin Button
	Linear Force Applied
	150 < x
	pounds (lbs)

	Educate
	Engage User
	Production Rate
	60 < x < 90
	seconds(s)

	Control
	Receives Sensor Information
	Response Time
	x < 100
	milliseconds (ms)

	
	Operates by Given Computer Data
	Failure Rate
	x < 2
	percent (%)



To achieve success of the project, a button pin should be properly assembled for the user to keep. The completion of a personalized item for the user to take away is critical in ensuring the audience is engaged and more likely to retain aspects of the demonstration. Thus, the first critical target is applying a linear force of at least 150lbs. The button materials cannot be properly sealed together unless this force is applied, making it a critical metric in achieving all key goals of the project. 
As previously mentioned, the physical result of the process is intended to maintain engagement and spark interest in the audience. Another critical target in ensuring this occurs is assembling the pin button in 60-90s. With this metric, the process is continuous and iterative like a typical industrial manufacturing process. The time is also short enough for the young audience to avoid boredom. 
To successfully control the process, the system should receive all sensor information in less than 100ms. This allows the system to react quickly to any errors that may arise and begin correcting them. It also enables the user to have better control when operating the optimized process. 
Finally, the system must operate by the given computer data. This is critical as it is the foundation of success in the project and what controls all manufacturing steps. The target of less than a 2% failure rate must be met to call the process optimized by the design team’s standards. 
[bookmark: _Toc180687779]1.5 Concept Generation
[bookmark: _Toc180671257][bookmark: _Toc180687780]1.5.1	Introduction
Engineering design ideation employs a variety of techniques, each focused on outputting a wide variety of ideas. For successful concept generation, the design team must have a developed understanding of the problem. In producing the ideas presented below, the design team considered that a physical version of the system already exists. The problem areas were identified, and key goals were recalled to generate a list of 100 improved design ideas. One ideation technique used was biomimicry. The biological characteristics of living organisms were analyzed to inspire a mechanical design concept containing similar features (Institute, n.d.). The solutions seen in nature have developed over centuries for optimized existence and survival and can be translated into manmade designs. The design team used biomimicry to generate ideas involving a honeycomb frame structure, an octopus-style pressing technique, and gecko-like gripping strategies, among others. 
Another main ideation tactic used was a morphological chart, displayed in Table 7. The problem was broken down into the key functions and features of storage, movement, alignment, pressing, and ejection. Possible solutions were listed under each of these functions, and unique concepts were generated by following a combination of one item in each column. This allowed for a comprehensive exploration of possible solutions and creative combinations. 
Crap shoot and forced analogy are other ideation techniques that were employed by the design team less extensively. Many ideas were inspired through a conversation with the project sponsor on the significant flaws present and alternative operation techniques. 
[bookmark: _Toc180671258][bookmark: _Toc180687781]1.5.2	Three High Fidelity Concepts
Upon evaluation of the key goals and customer needs, along with the generated targets and metrics, the design team was able to select the three high fidelity concepts that had the best potential for success and satisfaction. The table below narrates the justification for selecting each design and specifies the attributes of the concept.
Table 4. High Fidelity Concepts
	Concept 
Number
	Selection
	Description

	77
	This design was selected for its ability to reasonably and successfully achieve the previously generated key goals and customer needs. The triangular-based support frame would include diagonal bars for support to counteract the current instability. The shock-absorbent surrounding of the linear actuator mount would work to reduce misalignment from vibrations. The user-controlled claw is an effective way to keep the user engaged while automating the entire production process.
	Button pin maker with a triangular-based support frame and linear actuator mounted with shock-absorbent material that includes a user-controlled claw to pick up and dispense the final product in an engaging manner. 

	3
	This design was selected for its ability to reasonably and successfully achieve the previously generated key goals and customer needs. The gravity fed storage system allows automation of dispensing raw materials without the requirement of excessive power. The alignment of the design will be guided with visual marks for the user to follow. The user-controlled claw is an effective way to keep the user engaged while automating the entire production process.
	Button pin system that uses a gravity fed storage system to move raw materials, visual marks for alignment, linear actuator for press, and a user-controlled claw for moving the completed button. Generated using a morphological chart.

	85
	This design was selected for its ability to reasonably and successfully achieve the previously generated key goals and customer needs. The interface educates the user on the manufacturing process as the system operates. The user-controlled claw is an effective way to keep the user engaged while automating the entire production process.
	Button pin maker with an interface to convey the current manufacturing step to the user and user-controlled claw to pick up the final product.
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[bookmark: _Toc180687782]1.5.3 Five Medium Fidelity Concepts
The five medium fidelity concepts were selected for their good potential to meet the key goals and customer needs. They were ranked lower than the high-fidelity concepts but were still agreed to hold great promise.
Table 5. Medium Fidelity Concepts
	Concept 
Number
	Selection
	Description

	48
	This design was selected for its potential to reasonably and successfully achieve the previously generated key goals and customer needs. The interface for customizing the button keeps the user engaged and ensures the design it sealed to the button top properly aligned.
	Button pin maker that includes a touchscreen interface for users to select button color, graphic, and add text before printing their design.

	51
	This design was selected for its potential to reasonably and successfully achieve the previously generated key goals and customer needs. The puzzle characteristic builds engagement with the young audience and allows for easier storage.
	Button pin maker that contains puzzle style metal pieces, to be easily broken down for storage

	78
	This design was selected for its potential to reasonably and successfully achieve the previously generated key goals and customer needs. The user-controlled claw is an effective way to keep the user engaged while automating the entire production process. The dual axis conveyor belt allows the manufacturing process to move beyond a simple, straight line.
	Button pin maker with user-controlled claw and a dual axis conveyor belt.

	90
	This design was selected for its potential to reasonably and successfully achieve the previously generated key goals and customer needs. The heat shrinkable mylar ensures the design is properly sealed to the button top. The load sensor allows the linear actuator to perform real-time adjustment and enhance the safety of the system.
	Button pin maker with heat shrinkable mylar and a load sensor beneath the frame to detect uneven pressure distribution during the actuator pressing process and adjust the actuator’s position in real-time

	95
	This design was selected for its potential to reasonably and successfully achieve the previously generated key goals and customer needs. The collapsible frame is something that was pointed out by the stakeholders, as the end goal is to have something that can be easily transported from location to location.  The touchscreen will be effective in engaging the audience and being able to describe each step in the manufacturing process. The vacuum-based arm will be an improvement over the current design because it will allow for a more effective extraction of button pins. 
	Button pin maker that includes easily collapsible frame and touchscreen interface for status display and a vacuum based arm for extraction and dispensing



Table 6. Full List of Concepts
	Concept 
Number
	Description

	1
	A button maker system that uses an automated feeder storage system, that utilizes a conveyor to move raw materials, visual marks for alignment, Linear Actuator for pressing and a magnet to move the completed button. Generated using a morphological chart.

	2
	Button pin system that uses a gravity fed storage system that utilizes conveyors to move raw materials, visual marks for alignment, linear actuator for pressing, and a magnet to move the completed button. Generated using a morphological chart.

	3
	Button pin system that uses a gravity fed storage system to move raw materials, visual marks for alignment, linear actuator for press, and a magnet for moving the completed button. Generated using a morphological chart.

	4
	Button pin system that uses an automated feeder storage system with a robotic arm to move raw materials, visual marks for alignment, linear actuator for pressing and a spatula like tool for moving the completed button. Generated using a morphological chart.

	5
	Button pin system that uses a gravity fed storage system with a vacuum arm to move raw materials, uses pins for alignment, linear actuator for pressing, and a magnet to move the completed button.

	6
	Button pin system that uses an automated feeder storage system and a magnet to move raw materials, pins for alignment, a CAM system for pressing, and a magnet to move the completed button. Generated using a morphological chart.

	7
	Button pin system that uses an automated feeder storage system and a slide rail to move raw materials. Pins for alignment and a linear actuator for pressing, and a pneumatic ejector for moving the completed button. Generated using a morphological chart.

	8
	Button pin system that uses an automated feeder storage system and a gantry to move raw materials, visual marks for alignment, a lead screw for pressing, and a vacuum to move the completed button. Generated using a morphological chart.

	9
	Button pin system that uses a gravity fed storage system and a robotic arm to move raw materials, visual aids for alignment and a linear actuator for pressing. A slide will move the completed button. Generated using a morphological chart.

	10
	Button pin system that uses a gravity fed storage system and uses a turntable to move raw materials, pins for alignment and a linear actuator for pressing. A vacuum arm is used to move the completed button. Generated using a morphological chart.

	11
	Button pin system that uses a gravity fed storage system and uses a conveyor to move raw materials, visual marks for alignment, a lead screw for pressing. A slide will be used to move the completed button. Generated using a morphological chart.

	12
	Button pin system that uses an automated feeder storage system and uses a turntable to move raw material, pins for alignment, a CAM system for pressing and a magnet to move the completed button. Generated using a morphological chart.

	13
	Button pin system that uses a gravity fed storage system and use a slide rail to move raw materials, visual marks for alignment, a lead screw for pressing, and a vacuum arm to move the completed button. Generated using a morphological chart.

	14
	Button pin system that uses automated feeder storage system and uses a robotic arm to move raw materials, pins for alignment, a linear actuator for pressing and a slide to move the completed button. Generated using a morphological chart.

	15
	Button pin system that uses a gravity fed storage system and uses a gantry to move raw materials, visual marks for alignment, a lead screw for pressing and a spatula like tool for moving the completed button. Generated using a morphological chart.

	16
	Button pin system that uses an automated feeder storage system and uses a vacuum to move raw materials, pins for alignment, a CAM system for pressing and a pneumatic ejector to move the completed button. Generated using a morphological chart.

	17
	Button pin system that uses a gravity fed system and uses a conveyor to move raw materials, visual marks for alignment, a linear actuator for pressing, and a spatula like tool for moving the completed button. Generated using a morphological chart.

	18
	Button pin system that uses an automated feeder storage system that uses magnets to move the raw materials, pins for alignment, a linear actuator for pressing and a vacuum arm to move the completed button. Generated using a morphological chart.

	19
	Button pin system that uses a gravity fed system that uses a turntable to move raw materials, visual marks for alignment, a CAM system for pressing and a magnet for moving the completed button. Generated using a morphological chart.

	20
	Button pin system that uses an automated feeder storage system and uses a gantry to move raw materials, pins for alignment, a lead screw for pressing and a pneumatic ejector for moving the completed button. Generated using a morphological chart.

	21
	Button pin system that uses a gravity fed storage system and uses a magnet to move the raw materials, visual marks for alignment, a lead screw for pressing and a slide to move the completed button. Generated using a morphological chart.

	22
	Button pin system that uses an automated feeder storage system and uses a slide rail to move raw materials, pins for alignment, a linear actuator for pressing, and a vacuum arm to move the completed button. Generated using a morphological chart.

	23
	Button pin system that uses a gravity fed storage system and uses a robotic arm to move the raw materials, visual marks for alignment, a CAM system for pressing, and a magnet to move the completed button. Generated using a morphological chart.

	24
	Button pin system that uses an automated feeder storage system and uses a conveyor to move raw materials, pins for alignment, a CAM system for pressing, and a spatula like tool for moving the completed button. Generated using a morphological chart.

	25
	Button pin system that uses a gravity fed storage system and uses a vacuum arm to move raw materials, visual marks for alignment, a lead screw for pressing, and a pneumatic ejector for moving the completed button. Generated using a morphological chart.

	26
	Button pin maker encased in plexiglass with interlocking safety switches to automatically halt operation if the enclosure is opened.

	27
	Button pin maker with diagonal braces added to the aluminum frame (mimics bird bone structure).

	28
	Button pin maker that utilizes electromagnets in the die molds that can be activated to hold the button components in place before pressing to ensure orientation.

	29
	Button pin maker with an actuator that includes an initial pressing stage of a light press to align the components and a delayed strong press to secure the button (like how an octopus gradually grips using its tentacle).

	30
	Button pin maker with linear actuator mounted with shock-absorbing materials or springs to reduce vibrations and increase stability when pressing.

	31
	Button pin maker that uses RFID technology to track the progress of each button.

	32
	Button pin maker with a reactive conveyor speed that follows the progress of the button and dynamically adjusts speed to improve efficiency. 

	33
	Button pin maker that automatically extends a safety shield when the linear actuator is pressing for safety and retracts it upon completion for visibility. 

	34
	Button pin maker with a robotic arm that uses a vacuum gripper to pick up the raw materials and place them in the die molds.

	35
	Button pin maker with a linear actuator on a swivel mount to allow precise alignment with the die mold. 

	36
	Button pin maker with a honeycomb-patterned aluminum frame for better load distribution (biomimicry).

	37
	Button pin maker with an ejection mechanism that pushes the completed button onto a conveyor for delivery to the user.

	38
	Button pin maker with a touchscreen interface to convey the current manufacturing step to the user.

	39
	Button pin maker that uses laser pointers and sensors to guide where components should be placed in the die mold.

	40
	Button pin maker with a dual-axis conveyor system for side-to-side component movement, as well as forward and backward.

	41
	Button pin maker with pneumatic actuators in the die molds to allow for gentle insertion of the raw materials before pressing.

	42
	Button pin maker with grip surfaces on the die molds to securely hold components (like gecko feet).

	43
	Button pin maker with heating elements to warm button components slightly before pressing to ensure materials are malleable and form strong bonds.

	44
	Button pin maker with sensors to detect the pressing force of the linear actuator and adjust it based on the materials in use. 

	45
	Button pin maker with self-lubricating materials for the linear actuator rails to reduce friction and enhance longevity. 

	46
	Button pin maker with LED lights in various locations to indicate the status of different processes (pressing, idle, error, etc.).

	47
	Button pin maker with sound-absorbing materials lining the enclosure to reduce noise during operation.

	48
	Button pin maker that includes a touchscreen interface for users to select button color, graphic, and add text before printing their design.

	49
	Button pin maker with an automatic vision alignment system that uses cameras and image recognition software to detect the orientation of personalized graphics. 

	50
	Button pin maker with a load sensor beneath the frame to detect uneven pressure distribution during the pressing process and adjust the actuator’s position in real-time (like a chameleon’s foot adapting to different surfaces).

	51
	Button pin maker that contains puzzle style metal pieces, to be easily broken down for storage

	52
	Button pin maker contains a stronger localized magnet that allows for easier distribution to the output zone

	53
	Button pin maker that integrates laser safety curtains into the system to immediately stop the operation if there is an interference. 

	54
	Add a transparent cover made of some material to the button pin maker to block access to the inside of the system but still allowing for viewing. 

	55
	Button pin maker with an external rechargeable battery for times where it may not be optimal to be plugged in. 

	56
	Button pin maker with vibration isolating pads attached to the bottom of the setup to increase stability in the system. 

	57
	Install new die casts to the button pin maker with a mechanism to be able to flip the product out through the back of the system. 

	58
	Inspired by a spider’s web, install safety nets to the button pin maker that can be added to the side of the system to prevent tiny fingers and extremities from getting to the system as it works. 

	59
	Inspired by a woodpecker’s skull, add shock absorption materials to the button pin maker to reduce the actuator stress. 

	60
	Button pin maker with audible warning sounds that play when the maker is in failure. 

	61
	Button pin maker with large video display that will display the step of the process the maker is on and will show what the maker is currently working on. 

	62
	Button pin maker with a collapsible frame design to allow for easier transportation. 

	63
	Create a button pin maker with 2 smaller linear actuators that will work on synchronized pressing operations for the button pin to save time. 

	64
	Create a button pin maker with a voice control aspect to it to assist K-12 teachers run through the process of creating the button pin maker and to fill in gaps that they might not understand. 

	65
	Create a button pin maker that has a different activation mode when being operated by a child to make it safer for one to operate. 

	66
	Create a button pin maker that has a magnetic picker inspired by a bird-beak. 

	67
	Create a button pin maker that will initiate a safety cushion inspired by a pufferfish that will automatically inflate in the case of an error.

	68
	Create a button pin maker that will fully operate off 2 buttons that use a start and emergency stop.

	69
	Create a button pin maker that will have an automated switch that controls our linear actuator tab that will allow for less user contact with the machine. 

	70
	Create a button pin maker that will have a separate display that will show how many buttons have been produced in real-time. 

	71
	Add in an artificial intelligence module to the button pin maker that can detect faulty buttons from good buttons and immediately throw them away. 

	72
	Add pneumatic tubes to the side of the button pin maker to store the materials that make the button pin. 

	73
	Create a way for the button pin maker to be able to display diagnostic reports after each run. 

	74
	Add LED lights to the button pin maker to display and differentiate each step of the manufacturing process

	75
	Create a button pin maker with segmented actuators that will ensure more precise button pressing. 

	76
	Button pin maker with a voice recognition system that enables hands-free operation, allowing users to control the button-making process through voice commands.

	77
	Button pin maker with a triangular-based support frame and linear actuator mounted with shock-absorbent material that includes a user-controlled claw to pick up and dispense the final product in an engaging manner. 

	78
	Button pin maker with user-controlled claw and a dual axis conveyor belt

	79
	Button pin maker that allows users to adjust the pressing speed to prioritize precision for delicate materials or increase speed for high-volume production.

	80
	Button pin maker that detects when materials are running low and alerts the user or even connects to an online ordering system for automatic replenishment.

	81
	A portable version of the button pin maker that charges itself via a hand crank or other kinetic energy source, suitable for events or areas without access to electricity.

	82
	Button pin maker that instead of pressing the button's components together, uses a magnetic assembly process that quickly snaps the parts into place without physical pressure.

	83
	Button pin maker with a time capsule feature that allows users to insert a small note or memento inside the button casing, sealed with a clear cover, to be opened at a future date.

	84
	Button pin maker that allows the use to orient the paper in whichever direction they’d like.

	85
	Button pin maker with an interface to convey the current manufacturing step to the user and user-controlled claw to pick up the final product.

	86
	Button pin maker that integrates small magnets in the molds and materials to automatically align the button components before pressing. This ensures precise placement without the need for manual adjustment, improving the consistency and speed of production.

	87
	Button pin maker that incorporates a conveyor belt or automated feeder to load button materials into the press area. This reduces the need for manual loading and speeds up the production process by ensuring a continuous supply of materials.

	88
	Button pin maker that integrates a heat element in the press to slightly warm the materials during pressing, making the button components bond more securely. This is especially useful for plastic or composite materials where heat can enhance the adhesion between layers.

	89
	Button pin maker that adds a small air compressor that automatically ejects completed buttons from the mold area after pressing. This feature speeds up production by clearing the press for the next cycle without manual intervention.

	90
	Button pin maker with heat shrinkable mylar and a load sensor beneath the frame to detect uneven pressure distribution during the actuator pressing process and adjust the actuator’s position in real-time

	91
	Button pin maker that incorporates a sensor within the press that measures the pressure applied and checks for any inconsistencies during each cycle. If the machine detects an anomaly, it pauses the process and alerts the operator to inspect the button.

	92
	Button pin maker that integrates a digital screen that shows the current press settings, such as pressure level and cycle time, as well as a counter for the number of buttons made. This helps monitor the production process and manage output.

	93
	Button pin maker presses multiple buttons simultaneously in one cycle. This significantly boosts production efficiency for batch orders by allowing two or more buttons to be produced at once.

	94
	Button pin maker that uses a magnetic pad at the base of the press to hold metal components securely in place before pressing. This helps keep the button parts aligned and prevents them from shifting during the press-down action.

	95
	Button pin maker that includes easily collapsible frame and touchscreen interface for status display and a vacuum based arm for extraction and dispensing

	96
	Button pin maker that incorporates a vibration function that activates during pressing to help the materials settle more evenly. This can enhance the bonding of components by eliminating small air gaps and achieving a tighter fit.

	97
	Button pin maker includes a spring-loaded mechanism that gently pushes the completed button out of the die after pressing. This reduces the need for manual removal and speeds up the cycle time.

	98
	Button pin maker that adds a transparent safety cover that encloses the pressing area. This prevents accidental contact with the press while allowing operators to monitor the process visually.

	99
	Button pin maker that includes a dust cover that automatically moves over the press area when not in use, keeping the paper and plastic clean and free from dust. 

	100
	Button pin maker that is able to be charged via solar energy.


 
Table 7. Morphological Chart
	Morphological Chart
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Table 8. Ranking Chart
	Ranking Chart

	Concept
	Carlos
	Tristian
	Leah
	Xavier
	Total

	85*
	7
	8
	8
	7
	30

	51
	5
	3
	4
	8
	20

	95
	4
	1
	2
	3
	10

	3*
	6
	7
	6
	6
	25

	90
	2
	4
	5
	2
	13

	78
	1
	5
	1
	1
	9

	48
	3
	2
	2
	4
	11

	77*
	8
	6
	7
	5
	26




[bookmark: _Toc180687783]1.6 Concept Selection
1.6.1	Binary Pairwise Comparison
A binary pairwise comparison chart was used to rank our customer needs against each other to determine those of most importance. The customer needs were arranged in rows and columns to be compared. To rank the importance each customer need, it was determined if the row need was more important than the column need. If the row was more important than the column, a “1” was placed in the cell. If not, a “0” was placed in the cell. A customer need cannot be compared against itself, so a dash was placed in the cells along the center diagonal. After comparing each customer need, the sum of each row gave the importance weight factor (IWF) for that need. The importance weight factor ranks the customer needs with respect to the project’s objective. From the ranking, it was determined that customer need numbers 9 and 10 were the most important, while numbers 1 and 3 were the least important. The total column on the right shows the importance weight factors that were used in the House of Quality chart. 
[image: ]Table 9. Binary Pairwise Comparison

1.6.2	House of Quality
The House of Quality (HOQ), shown in Table 10, is a tool used to analyze the customer needs and see how they relate to the engineering characteristics along with the targets and metrics of the project. On the left side of the chart, the customer needs are listed from 1-10 in no noteable order, descending by rows. In the columns, the engineering characteristics are listed and were identified from the previously entailed functional decomposition. Above each engineering characteristic is the unit used to measure that characteristic and the direction of improvement. For instance, in the “receives button pin materials” characteristic, the number of pieces should increase, so the improvement direction would be an upward arrow. Between the customer need rows and engineering characteristic columns is the importance weight factors. For the house of quality, the importance weight factors range from 1-5. From the data collected from the binary pairwise comparison chart, each importance weight factor was divided by 2 and rounded up. 
To complete the house of quality, a 1, 3, or 9 was placed in the cell that aligned with a customer need and an engineering characteristic. Putting a 1 in a cell means that there is no contribution, and a 9 means the maximum amount of contribution. If there was no contribution at all, the cell would be left empty. The raw score of each engineering characteristic was calculated by first multiplying the contribution of an engineering characteristic by the importance weight factor of a customer need. Then the sum of the column was taken to get the total for that engineering characteristic. To get the total raw score, the raw score of each engineering characteristic was added together. The relative weight percent was calculated by taking the raw score of an engineering characteristic and dividing it by the total raw score. Multiplying the resulting number would give the percentage. The relative weights total up to 100 percent. From the relative weights, our top three engineering characteristics in rank order were: Assembles Button Pin, Resembles Realistic Manufacturing Process, and Operates by Given Computer Data.


[image: ]Table 10. House of Quality

1.6.3	Pugh Charts
After the House of was created and analyzed, of the fourteen engineering characteristics, the bottom seven were discarded and the top seven ranked important engineering characteristics were extracted and placed into Pugh Charts as selection criteria. The second step in concept selection involves the use of Pugh Charts and is important because it allows the team to weigh the various concepts against one another using the top engineering characteristics. The 2023 Senior Design team’s device was used as the initial datum. For each Pugh Chart, the process was conducted for each concept where a “+” deemed that the concept performed better than the datum in that specific selection criteria. Consequently, a “-” meant that the concept performed worse than the datum and an “S” meant that the concept performed the same as the datum. 
Upon completion of Table 11 below, it was decided that concepts 5, 6, and 8 would be eliminated from the second iteration. The first datum of comparison entailed making a button pin correctly and somewhat accurately using pieces like magnets and linear actuators but not with full automation. Concept 8 was the design with the easily collapsible frame, touchscreen interface for status display, and vacuum-based arm for output of final product. Concept 6 was the design with the user-controlled claw for output of final product and a dual axis conveyor belt. Finally, Concept 5 was a design that consisted of a series of puzzle-style metal pieces that form the system. These three concepts were eliminated for performing worse than the others when held against the datum. 
[image: ]Table 11. Pugh Chart Iteration #1

For our final Pugh Chart, Concept 8 was used as the datum for the decisions given that it was the most viable option of the concepts the group had previously decided to eliminate. It had a relatively median number of plusses and minuses, making it a valuable datum. From this chart, concepts 2 and 4 were then eliminated. Concept 2 featured the gravity-fed storage system to move raw materials, visual marks for design alignment, and a user-controlled claw for output of final product. This concept was removed because it included one of the top satisfactory scores, as well as had a “-” for engineering characteristic #2 which was the fact that it would not resemble a realistic manufacturing process. This characteristic is immensely crucial to the success of the group project because the goal is to help K-12 students understand how an actual manufacturing process is conducted. Concept 4 included a touchscreen user interface for software-based designing of button graphics. This concept was eliminated because it scored a “-” in being able to create a better product which is important to the goal of the team, as students should have a fully functional button pin to use. This concept also had the most satisfactory scores and shows that it cannot be a stark improvement over the datum used. 
[image: ]Table 12. Pugh Chart Iteration #2

1.6.4	Analytical Hierarchy Process
The Analytical Hierarchy Process (AHP) began with comparing the engineering characteristics from the House of Quality to each other. Each cell in the lower triangular matrix was assigned a value based on Table 13 below.
Table 13. AHP Ranking Meanings
	Rating Factor
	Relative Rating of Importance of Two Selection Criteria A and B

	1
	A and B have equal importance.

	3
	A is thought to be moderately more important than B.

	5
	A is thought to be strongly more important than B.

	7
	A is thought to be very much more important than B.

	9
	A is demonstrated to have much more importance than B.



The upper triangular matrix was assigned inverse values of the corresponding lower cells and a “1” was placed in cells along the diagonal. Upon completion of this criterion comparison matrix, shown in Table 14, the results were normalized by dividing the cell value by the respective column sum, as seen in Table 15.
[image: ]Table 14. Criteria Comparison Matrix

[image: ]Table 15. Normalized Criteria Comparison Matrix

The average value of each row in the normalized criteria comparison matrix was found as the relative weight {W} matrix. A consistency check was performed to ensure the ratings were free of any bias. Vectorization of the criteria and weight was performed, demonstrated in column 1 of Table 16, and this matrix was divided by the relative weight to produce a consistency vector {Cons}. A consistency ratio of less than 0.1 indicates that there is no significant bias in the ranking process, confirmed to be true in Table 17. 
[image: ]         Table 16. Consistency Check





[image: ]      Table 17. Final Consistency Check
	

The AHP process described above was repeated for each of the seven most important engineering characteristics, displayed in Appendix D. Each design was evaluated against the others regarding a specific engineering characteristic to determine which would be most successful at meeting all listed characteristics. This data was used to determine the final selected concept.
1.6.5	Final Selection
After thoroughly examining and discussing three high-fidelity and five medium-fidelity concepts across seven engineering characteristics in the AHP, the Final Rating Matrix was determined. From this matrix, we derived Table 18, which identified Concept #3 as the optimal design for our project due to its highest overall value. Concept #3, shown in Figure 2., is a device that all team members concurred best meets the customer's needs and requirements. 
[image: ][image: ]Table 18. Final Rating Matrix and Criteria Weights




[image: ]  Table 19. Alternative Value Table

[image: ]
Figure 2. Concept #3 Visualized
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Mission Statement 
“Inspire young future engineers through hands-on STEM engagement.” 
Team Roles 
Manufacturing Electrical Engineer I – Tristian Belardo 
The electrical engineer is responsible for all coding and wiring that arises during the project. The electrical engineers will work closely with the mechanical engineers to ensure all electronic components are properly selected and wired. The microcontroller unit (MCU) and integrated drive electronics (IDE) will be selected by the electrical engineers.  
The manufacturing engineer is responsible for proper design and manufacturing of all parts that form subsystems in the final product. The manufacturing engineer will ensure the necessary parts have been ordered or printed promptly. The manufacturing engineer will also be responsible for the primary assembly of all non-electrical components in the final product. 
Test Mechanical Engineer I –  Carlos Aceituno 
The mechanical engineer is responsible for proper design and manufacturing of all parts that form subsystems in the final product. The mechanical engineers will ensure the necessary physical components have been ordered or printed properly. The mechanical engineer will also be responsible for the primary assembly of all non-electronic components in the final product. The test engineer is responsible for forming proper methods of testing to ensure the product is safe, efficient, and accomplishes the necessary task. The test engineer is primarily responsible for conducting the required testing and recording all important results. The test engineer is to notify the team of any problems discovered upon testing. 
Systems Mechanical Engineer II – Xavier Hammond 
The mechanical engineer is responsible for proper design and manufacturing of all parts that form subsystems in the final product. The mechanical engineers will ensure the necessary physical components have been ordered or printed properly. The mechanical engineer will also be responsible for the primary assembly of all non-electronic components in the final product. The systems engineer is responsible for identifying and compartmentalizing the subsystems in the product into the project's overall objective. The systems engineer will remain in close contact with the other engineers to ensure there is adequate communication between all subsystems. The systems engineer will also work alongside the computer engineer to achieve proper selection and wiring of all electrical components. 


Computer Electrical Engineer II – Leah Bergman 
The computer electrical engineer is responsible for all coding and wiring that arises during the project. The computer electrical engineers will work closely with the systems mechanical engineers to ensure all electronic components are properly selected and wired. The microcontroller unit (MCU) and integrated drive electronics (IDE) will be selected by the computer electrical engineers.  
Outside Task Allocation
Other tasks that may arise and are not explicitly defined by the roles above will be allocated to a team member based on individual workload and knowledge of the task at hand.


Communication 
Casual communication between team members can be through Microsoft Teams, Outlook email, and the team’s iMessage group chat. Formal communication with the sponsor should be done through Outlook email or an external service such as Slack if appropriate. Meetings with the sponsor are assumed to be virtual via Teams Meeting unless agreed upon for an in-person meeting by the sponsor and team members. Meetings with our project advisor, Dr. Ordonez, are assumed to be in-person if the team and advisors’ schedules allow for it. A meeting with the project advisor will be held on Teams if the meeting needs to be virtual. Any communication during the business work week from Dr. McConomy, the sponsor, or the project advisor must be responded to by the team within 24 hours.  
Dress Code 
Team meetings that do not involve the sponsors or any presentations will be casual attire. Casual attire can also be worn for any meetings with our academic advisors unless otherwise stated. This is subject to change based on who is attending the meeting and where it is taking place. 
The expectation for any virtual or in-person meeting with the sponsor is business casual. During virtual design reviews or presentations, the team will be dressed in business casual. Business casual dress code will include a dress shirt/polos and black/khaki pants. Any sponsored events that the team attends, the attire will also be business casual. The team will be dressed in business formal on senior design day, including suits and proper formal attire. 
Attendance Policy 
Meetings will normally take place at the FAMU-FSU College of Engineering during the allotted time for the senior design course. Meetings can be scheduled outside of class if all team members agree. Attendance of sponsor and advisor's meetings is mandatory. If a member is unable to attend a meeting, they should notify other team members through outlook email or the team group chat. Meetings can be held remotely if needed.  
Vacation Days 
Each team member is allotted two vacation days from Dr. McConomy for individual and team assignments. It is agreed upon that vacation days will be reserved for team assignments unless a team member has an emergency and needs to use a vacation day for an individual assignment.  
Notifying the Group 
Primary communication of the group will be through the team’s iMessage group chat or email for document sharing. If a team member is unable to attend a set meeting, they must notify the group at least 48 hours in advance, barring emergency circumstances or sudden illness. All members are expected to attend every sponsor and advisor meeting in the appropriate attire. In-class lectures should have all team members present unless the team is notified at least 24 hours before with a valid reason. The absent member must contact the team in a timely manner to discuss what was missed during the lecture period.  
Professional Response in a Meeting Guidelines 
All communication during professional meetings will be respectful and punctual. The discussion will generally remain on topic to ensure productivity. “Sir” and “ma’am,” along with other expected titles, will be used appropriately. During all professional meetings, each team member is expected to take notes that will be shared with the team promptly after the meeting concludes. 
Approaching Dr. McConomy or T.A. 
[bookmark: _Toc180687791]Member Contribution Concerns 
If any disagreements arise, the team will have a meeting where concerns will be voiced to be resolved. If the issue at hand cannot be resolved within the team, then the TA should be contacted. If the issue still occurs and cannot be resolved by the TA, then Dr. McConomy should be contacted. 
[bookmark: _Toc180687792]Project Evolution Concerns 
If the group project reaches a stall, each team member must try to resolve the issue first. The team is expected to reach out to the project adviser and/or sponsor for clarification on any expectations but should continue to try to resolve the physical issue among themselves. The team should contact any known experts on the issue. If the project is still at a stall, then the team must all agree to contact Dr. McConomy or the course TA for assistance.  
Making Amendments 
If a team member has a possible amendment to the code of conduct, a team vote will occur. If 3 out of the 4 members agree, an amendment will be made.  
Statement of Understanding 
Each member of the team has discussed and read this contract and agrees to uphold everything provided in this document.   
Signatures  
[image: A black background with a black square
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X________________________________________________ 
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	Manufacture
	Educate
	Control
	Support

	Receive button pin materials
	X
	
	
	

	Assembles button pin
	X
	
	
	

	Output button pin
	X
	
	
	

	Engage user
	
	X
	
	

	Displays manufacturing process slow enough to follow
	X
	X
	
	

	Resembles realistic manufacturing process
	X
	X
	
	

	Actuates upon user input
	X
	X
	X
	

	Receives sensor information
	
	
	X
	

	Operates by given computer data
	X
	
	X
	

	Halts in response to error or user override
	
	X
	X
	

	Stops upon completion
	X
	X
	X
	

	Maintains rigidity
	
	
	
	X

	Aligns materials accurately
	
	
	X
	X

	Assembles with ease
	
	
	
	X
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	Subsystem
	Function
	Metric
	Target
	Unit

	Manufacture
	Receives Button Pin Materials
	Number of Pieces
	x = 4
	pieces

	
	Assembles Pin Button
	Linear Force Applied
	150 < x
	pounds (lbs)

	
	Output Button Pin
	Output Step Time
	0 < x < 20
	seconds (s)

	Educate
	Engage User
	Production Rate
	60 < x < 90
	seconds(s)

	
	Resembles Realistic Manufacturing Process
	Number of Automated Steps
	4 < x
	steps

	
	Displays Manufacturing Process
	Number of Update Messages
	4 < x
	messages

	Control
	Actuates Upon User Input
	Response Time
	x < 1
	seconds (s)

	
	Receives Sensor Information
	Response Time
	x < 100
	milliseconds (ms)

	
	Operates by Given Computer Data
	Failure Rate
	x < 2
	percent (%)

	
	Halts in Response to Error or User Override
	Mean Time Between Errors
	0 < x < 10
	minutes (min)

	
	Stops Upon Completion
	Reset Time
	x < 30
	seconds (s)

	Support
	Maintains Rigidity
	Frame Deflection Angle
	x < 3
	degrees (°)

	
	Aligns Materials Accurately
	Conveyor Belt Position Accuracy
	x < 3
	millimeters (mm)

	
	Assembles with Ease
	Time Spent Unpacking and Setting Up
	
x < 30
	minutes (min)

	Other
	Store Button Pin Materials
	Number of Pieces
	10 < x < 15
	units

	
	Operates with Longevity
	Service Life
	10 < x
	years

	
	Transports with Ease
	Weight
	x < 30
	pounds (lbs)
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Appendix D: AHP Design Alternatives
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