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SUMMARY PROJECT STATEMENTS FOR THE NINE SENIOR DESIGN PROJECTS ASSIGNMENTS FOR OUTCOME “2”

An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor


PROJECT #1
1. *Project Title:  Stuffed Shrimp Rolling Machine

(Example: Design Modifications and Use of Fixed Bed Reactor for Biofuels Production)

2. Project Background 
Stuffed shrimp are a house specialty offered at dozens of black-owned cafés, diners, and plate lunch houses throughout Shreveport. The dish was originally popularized in Shreveport by Freeman & Harris Cafe, a black-owned restaurant founded in 1921 by first cousins Van Freeman and Jack Harris. The café likely began serving stuffed shrimp in the late 1950s, when advertisements promoting the dish as a specialty first began to run in the Shreveport Sun.
During the Civil Rights Movement, Freeman & Harris set itself apart as a rare restaurant where blacks and whites would dine together in Shreveport. It also served as a gathering place for leaders planning civil rights strategy, including a 1958 visit from Rev. Martin Luther King Jr. and his aides. The stuffed shrimp were in large part what kept people coming back for more.
Perhaps most notable among Shreveport’s stuffed shrimp houses is Eddie’s Restaurant, founded by my father, Eddie Hughes in 1978. Hughes is believed by many to have created or helped to create the original recipe for Shreveport-style stuffed shrimp while working as a cook at Freeman & Harris. While my father died in 1995, the restaurant is still operated by myself and my brother, Geno. We have also recently introduced a line of frozen stuffed shrimp in local grocery stores.
Currently the product is made by hand which limits the amount of our product produced and sold in the local area.  For our company to grow, we must look at ways to increase our capacity to roll and stuff shrimp.  

3.  Project Objective 
The objective is to reduce the amount of time it takes to roll and stuff shrimp and get them ready for packaging as the current process is by hand.  We are looking to add a piece of mechanical equipment that will allow us to increase productivity and expand our brand. 

4.  Project Description 
This project involves working with the owners and a project advisor to brainstorm prototypes that will to reduce manual interaction needed to roll and stuff shrimp.  The group would be required to then chose the best design that can be created within the budget to produce a finished product.  The results would be possibly used by Louisiana Stuffed Shrimp in production. 

5. * Design/Result Expectations 
The Design should result in a fully functioning mechanical piece of equipment that can dip a stuffed shrimp in egg batter 2 times and then roll the shrimp in a coating. The expectation of the project is to eliminate the by hand process and to be able to mass produce stuffed shrimp without losing the stuffing.

6. Project Benefit 
This project will allow students to use the concepts of mechanics of materials, hydraulic machines, kinematics, among others.  It will also allow the team to understand the procurement process pertaining to supplies needed to build the machine.  And it would allow one of the longest established black owned business in North Louisiana to increase their productivity in supply of stuffed shrimp.

7. Prototype Expectation (if required) 
The equipment used will need to meet food grade requirements as it will be used to food production.

[bookmark: _Hlk80737844]Project Owner: Louisiana Stuffed Shrimp Company


PROJECT # 2
1. *Project Title: 
Animatronic Eye Model – Note: see “Supplemental Information” section below 

2. Project Background 
Alcon is developing innovative intraocular lenses, cataract treatments, and other technologies that are beyond designs previously implemented. In particular, these treatments may require very precise into-the-eye laser targeting that will likely be more challenging than existing laser procedures currently used. Widespread adoption of these novel treatments will require rigorous lab testing and training procedures to mimic the surgeon experience. 

3. Project Objective 
The principal objective is to develop an eye model that simulates challenges faced by surgeons during high precision, into-the-eye laser treatment. 

4. Project Description 
The team will need to determine key physiological responses, eye movements, and other human factors that burden the surgeon during into-the-eye laser treatment, such as blinking and breathing, and simulate these challenges in a physical model that could be used for hands-on training purposes and beyond. 

5.  Design/Result Expectations 
The output of the project should be a dynamic model that incorporates as many physiological responses as possible. Automation or computer control of these movements to occur at a physiologically relevant cadence is desirable. The model must include a micron-scale target for the laser pulse and a method for determining whether the target was hit is desirable. Any laser or laser surrogate can be used for modeling purposes. 

6. Project Benefit 
This model will aid in the development and testing of new designs and technologies and provide a method for training surgeons on the novel techniques. 

7. Prototype Expectation (if required) 
The complete eye model incorporating as many physiological challenges as possible. A demonstration of the target and proof of hitting target while the physiological movement simulations occur is desirable. 

[bookmark: _Hlk80737890]Project Owner: Alcon, R&D Implantables





PROJECT  #3

1. Project Title:

Design of a back lit vacuum table for ceramic printed circuit board via filling

2. Project Background 

Ball Aerospace, in its development of ceramic antennas, has the need to fill vias with a metallic paste to make conductive connections between layers of circuitry. Currently this involves putting the paste down and placing the part under vacuum, then the part is removed from vacuum and held up to light so the fill of these vias can be inspected. This can result in damage to the material.


3.  Project Objective 

A back lit vacuum table that would reduce the need to break the setup, as well as the handling of these sensitive parts. It needs to resist the chemicals of the metallic paste as well as cleaning chemicals. There is a bonus of incorporating a paste squeegee guide as well.
4. Project Description 

Design the vacuum table, light source and control circuitry so that the user can plug it into a standard outlet and vacuum pump to use. It should be easy to clean and minimize single use consumables.


5.  Design/Result Expectations 

The design should result in a fully functioning back lit vacuum table utilizing electro-mechanical fabrication and assembly techniques.


6. Project Benefit 

The success of this project will result in less damage to materials and fewer transitions reducing cycle time.


7. Prototype Expectation (if required) 

A functioning prototype will be able to accommodate a part up to 8 x 8 inches and up to .125 thick

[bookmark: _Hlk80737933]Project Owner: Ball Aerospace




PROJECT #4
[bookmark: _Hlk80735988]1. *Project Title: Designing a Solar Powered Indoor Vertical Garden Facility Using a Shipping Container

2. Project Background 
Urban agriculture is increasingly becoming an important approach to meeting the food needs of humankind globally. One type of facility used to produce food in urban settings are indoor vertical gardens. Though convenient and useful, electricity consumption in these facilities remain high. This exposes the need for exploring solar power as an alternative source of energy for running indoor vertical gardens alongside the use of very energy efficient lights. Though indoor container gardens are commercially available they are still expensive and are out of research for the average urban gardener.  More so they are mostly not designed for solar power. This exposes the need for exploring the design and building of energy efficient but reasonable cost container facilities. 

3.  Project Objective 
Design an energy efficient but low-cost indoor vertical garden using 40ft x 8 ft shipping container which will be fully powered by solar energy.

4.  Project Description 
This project will involve working with the project advisor and experts in the subject matter to identify all the components needed, the climate control and monitoring system, the shelf (vertical) system, the hydroponic system including the dosatron and filtration equipment as well as the solar and lighting system. Next the facility will have to be designed to flexibly support hydroponic production of vegetables and small fruits.

5. Design/Result Expectations 
The design should result in a fully functioning growing container facility that can be used for both experiments and regular plant growing activities.

6. Project Benefit 
This facility will boost indoor vertical crop production experimentation at PVAMU and provide a training tool for urbanites interested in growing their own crops indoors. The prototype developed can be scaled down to smaller and more portable versions to support urban agriculture in food deserts and lead to intellectual property opportunities. It will also lead to further collaborative activities between the College of Agriculture and Human Sciences and Engineering.

7. Prototype Expectation (if required) 
The protype designed will need assemblage and testing to ascertain functionality for the intended use. 

[bookmark: _Hlk80737986]Project Owner:  College of Agriculture and Human Sciences











PROJECT #5
[bookmark: _Hlk80736949]1. *Project Title: Fence Gap  Detection Device for Visually Impaired Veteran

2. Project Background 

BAE Systems’ Tech Power: Innovating for Impact program partners with America’s VetDogs and undergraduate engineering programs to engage students in creating innovative solutions that improve the wellbeing and independence of veterans who are disabled.

In this project, students will work with Jerry, an Army veteran living in Bertram, TX. Jerry lost his sight in 2015, but still enjoys living an active lifestyle on his 5 acre farm.  He and his wife care for a variety of animals including donkeys and pygmy goats. Each day, Jerry surveys the pasture fence to ensure it is intact so that his animals cannot escape and predators cannot get in. This requires significant physical effort, given he must bend down to feel any gaps with his hands since his vision is limited.

Jerry would like a device that would assist with finding gaps/holes in his pasture fence without him having to manually check the perimeter. 

3.  Project Objective 

The objective of this project is to design a device that Jerry can utilize to  identify and measure gaps in fencing and alert the client to their location(s) without having to physically scope out the gaps.   

4. Project Description 

This project involves working with the client, Jerry, to further specify device requirements that meet his physical and visual abilities. The student team would then design potential solutions. 

5. Design/Result Expectations 

1. A User’s Guide shall describe the details of the use, interface, operational environment, and reliability of the device.  
2. The device shall be operable by a person in standing position or on its own (to minimize bending over by the client). 
3. The device shall be triggered when it identifies a gap in fencing of TBD size.
4. The device shall alert the user in a manner that does not require vision (sound, vibration, other). 
5. The device may also be able to measure the size of the gap in the fence. 
6. The device shall be ruggedized so that it can withstand outdoor conditions.
7. The device shall use TBD power.  
6. Project Benefit 

The project will improve the client’s wellbeing and improve the efficiency of his daily work. 

7. Prototype Expectation (if required) 

A device shall be designed, assembled, tested, and used to measure gaps in the client’s fence. 
[bookmark: _Hlk80733326]Project Owner: BAE Systems


PROJECT #6
[bookmark: _Hlk80737022]1. *Project Title: Early Detection Device for PTSD Episodes

2. Project Background 
BAE Systems’ Tech Power: Innovating for Impact program partners with America’s VetDogs and undergraduate engineering programs to engage students in creating innovative solutions that improve the wellbeing and independence of veterans who are disabled.

In this project, students will work with Lukas, an Army veteran living in San Antonio, TX. Lukas suffers from Post-traumatic stress disorder (PTSD) as a result of his service, which can cause anxiety, difficulty focusing, and lead him to unintentionally “zone out” when he’s with his family. 
Lukas would like a device that helps alert his service dog, Chestnut, when he may be entering a PTSD episode. Many early signs of an oncoming episode may not be detectible by a service dog, such as increased heart rate, rising body temperature, or other biometric data. The completed device would monitor one of these symptoms on Lukas and then quietly alert Chestnut so he can respond to Lukas before the episode escalates. 

3.  Project Objective 
The objective of this project is to design a device that measures the client’s biometric data and alerts a service dog (through vibration or a sound) when early signs of a PTSD episode are detected. 

4. * Project Description 
This project involves working with the client, Lukas, to specify device requirements. The student team would then design potential wearable solutions for Lukas and his service dog.

5. * Design/Result Expectations 

1. A User’s Guide shall describe the details of the use, interface, operational environment, and reliability of the device.  
2. The Device shall be of a size and weight that can be worn on a wrist or under clothing.  
Note: if a receiver device must be carried by the service dog, it must be able to attach to its service vest or collar. A maximum size and weight will be provided.
3. The device shall be triggered when TBD happens.
Note: Determination of how the device is triggered is a key aspect of the system design. For example, it may be triggered if client temperature rises or heartrate increases above a certain threshold. 
4. When the device is activated it shall alert the service dog, either by sound or vibration. If sound, it shall only be audible to the dog but must not be at a decibel that causes discomfort to the animal. The sound, if heard by others, would be disruptive and cause undue attention to Lukas.
5. The Device shall be ruggedized so that it can withstand the handling common to a commercial smartphone.

6. Project Benefit 
The project will improve the client’s wellbeing by enabling his service dog to respond earlier to PTSD episodes. By responding earlier, the service dog can provide comfort to Lukas before symptoms worsen. 

7. Prototype Expectation (if required) 
A device meeting the requirements stated above shall be designed, assembled, tested, and used by the client to improve his well-being.  

Project Owner: BAE Systems
PROJECT #7

1. *Project Title:
[bookmark: _Hlk80737077]Reusable Radiofrequency (RF) Electrode

2. Project Background 
Radiofrequency ablation is one of the most common procedures done by interventional pain physicians in the United States. Relief of pain from an RF ablation can be a significant benefit to people suffering from chronic pain. A key component in an RF procedure is the RF electrodes that can be either reusable or disposable. Typically, this is driven by customer preference and financial impact. Reusable RF Electrodes are expected to have an appreciable lifetime (~100+ uses) to be an economically viable product choice for customers and for Abbott. However, the current product may only achieve < 50 uses, lagging market expectations and competitor capabilities.


3.  Project Objective 
The principal objective of this project is the development of a reusable electrode for use in RF ablation therapy for treatment of chronic pain.


4. * Project Description 
This project would primarily involve the Mechanical Engineering discipline, with relevant input from Systems/Electrical Engineering. The device should:

· Conduct RF energy supplied from RF generator to the intended treatment site (typically via a RF cannula, but other implementations are possible)
· Measure temperature at site of tissue heating
· Be made of materials that are biocompatible or otherwise appropriate for medical applications
· Be reliable for an appreciable lifetime (>100 uses), maintaining integrity and function after repeated use (i.e. repeated cleanings, autoclave sterilizations, and clinical procedure uses)
· Have a non-user-dependent closed-loop capability to track how many times the electrode has been used (nice-to-have)

5. Design/Result Expectations 
Development of a new reusable electrode that has the same clinical performance as existing device but has a significantly longer service life. 

6. Project Benefit 
This project would enable a more cost-effective solution for customers and help Abbott to be more competitive in the RF ablation space. For the students, it would build experience collecting user needs, establishing an expected use case, translating needs into a device design, and performing analysis and/or testing, as appropriate, to validate the design.

7. Prototype Expectation (if required) 
Materials for prototypes may be an investment Abbott could make to nurture a fuller development of this project by the students. However, no capital investment is expected. In addition to material reconfiguration of current product, the project can be open to new ideas for implementation of RF therapy/energy delivery to the treatment site (i.e. designs not requiring a separate cannula).

[bookmark: _Hlk80738125]Project Owner: Abbott


Project #8

1. *Project Title 

[bookmark: _Hlk80737128]Design Modifications, Testing and Use of Fluidized Bed Reactor for Biofuel Production

2. Project Background 
The mechanical Engineering department and the Center of Energy & Environmental Sustainability have a fluidized bed biofuels reactor designed by previous graduate and senior design students. Even though the design of the reactor is almost complete, some few design areas need to be improved for the reactor to be tested, commissioned, and used for biofuels production. The completed reactor can be used in thermal science lab course as well as for research. 

3.  Project Objective 
The principal objective is to identify the design deficiencies in the fluidized bed reactor, improve the design by addressing the deficiencies, test and use the reactor to produce bio-oil from one or two biomass. 

4. * Project Description 
This project involves working with the project advisor to identify all of the deficiencies in the current fluidized bed reactor after which the design group would be required to make the necessary design changes on the reactor design to enable the reactor to be fully operational,  tested and then used to produce bio-oil from available biomass. The results would have to be used to determine the conversion efficiency of the reactor.

5. * Design/Result Expectations 
The design should result in a fully functioning fluidized bed reactor, the reaction temperature and the fluidization gas flow rate of which can be fully controlled and used to study the effects of these two variables on the quality of bio-oil and conversion efficiency of the biomass to bio-oil using two different biomass. The quality of the bio-oil would have be determined by an independent lab to be identified by the design group.

6. Project Benefit 
This project will introduce the concepts of renewable energy through the conversion of plant biomass into bio-oil that could be refined into diesel and other fuels. It will also establish a platform for conduction biofuels research in the College of Engineering. The reactor can be used in a biofuels experiment in the Thermal Science Lab in the Mechanical Engineering Department

7. Prototype Expectation (if required) 
The complete reactor with all modifications incorporated will need to be assembled, tested and used to produce bio-oil.

[bookmark: _Hlk80738215]Project Owner: Mechanical Engineering Department










PROJECT #9
1. Project Title:

Lightweight Deployable Thermal Shield

2. Project Background 

Ball Aerospace designs and build instruments and spacecraft that require thermal shielding once on orbit. Thermal shielding requirements can lead to a need for large structures to adequately protect the hardware, which creates a packaging concern with respect to the launch volume. 

3.  Project Objective 
The objective of this project is to develop a large deployable thermal shield that can stow into a small volume for the launch ascent

4. Project Description 
Design and build a Lightweight Deployable Thermal Shield that can be incorporated onto a space instrument, or bus, to meet the design requirements. Ideally the concept developed would be scalable to other products/specifications with minimal architecture changes.

5. Design/Result Expectations 
The expected result is a design, and associated analysis, of a solution that satisfies the objective requirements

6. Project Benefit 
Project success could lead to more cost and mass effective solutions to thermal shielding instruments/spacecraft on orbit.

7. Prototype Expectation (if required) 
A prototype model shall be designed and build that can adequately demonstrate, or enhance confidence, that the solution sufficiently satisfies the requirements of the project. 
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[bookmark: _Hlk16632450]Check the engineering design characteristics related to this assignment
	√
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need

	√
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity 

	√
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	√
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	√
	Involves fabrication and testing of model or prototype


Brief  justification of why this assignment is suitable for this outcomePROJECT  #3
Project Title: Design of a back lit vacuum table for ceramic printed circuit board via filling
Project Background 
Ball Aerospace, in its development of ceramic antennas, has the need to fill vias with a metallic paste to make conductive connections between layers of circuitry. Currently this involves putting the paste down and placing the part under vacuum, then the part is removed from vacuum and held up to light so the fill of these vias can be inspected. This can result in damage to the material.
 Project Objective 
A back lit vacuum table that would reduce the need to break the setup, as well as the handling of these sensitive parts. It needs to resist the chemicals of the metallic paste as well as cleaning chemicals. There is a bonus of incorporating a paste squeegee guide as well. Design the vacuum table, light source and control circuitry so that the user can plug it into a standard outlet and vacuum pump to use. It should be easy to clean and minimize single use consumables
.Design/Result Expectations 
The design should result in a fully functioning back lit vacuum table utilizing electro-mechanical fabrication and assembly techniques. The functioning prototype should be able to accommodate a part up to 8 x 8 inches and up to .125 thick
 Project Benefit 
The success of this project will result in less damage to materials and fewer transitions reducing cycle time.
Project Owner: Ball Aerospace
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March 11, 2022
100 University Dr. 
Prairie View, Texas 77446 
 
Dr. Chang Duan 
Senior Design and Professionalism I Instructor 
Prairie View A&M University 
CL Wilson 102
March 11, 2022
 
 
Dear Dr. Duan 
 
This detailed Final report of Senior Design and Professionalism I, MCEG 4247, entitled project 3, is “Backlit Vacuum Table.” This report addresses group formation, project planning, market review, and project decomposition of the components needed to design a new product that is not currently available on the market. The team utilized many different techniques to establish foundations for the project. The group was advised by Dr. Duan and Ball Aerospace representative Clare Decker, who assisted and guided the students with questions, group research, and analysis of various components functions. 
 
 
If you have any questions or concerns, feel free to contact our group leader, Gerardo Saldana, via email at gsaldana1@pvamu.edu 
 
Thank You
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Ball Aerospace is a leading innovator of technology for many fields, including but not limited to Defense/Intelligence, Space industry, Data services, Science, and Commercial sectors. Capabilities ranging from instruments and sensors to antennas, electronic warfare, data analytics, and testing. Ball Aerospace has contacted the PVAMU Mechanical Engineering Senior Design class for assistance with a project to help their technicians complete a task more efficiently. As an industry-leading expert in antennas for a variety of applications, Ball Aerospace would like help with a device that will assist the technician in holding a ceramic sheet in place, while a technician applies a conductive paste.
Antennas come in many shapes and sizes, from the diameter of a button to that of a building, made of materials ranging from metal to silicone to ceramic. Ball Aerospace has a proprietary design which consists of a ceramic tape backed by a Kevlar sheet. Starting with a section measuring 8”x8”x .125” thick, a series of designs are made, specific to each project. The sheet of ceramic tape is then machined, to have upwards of 1000, .0020” holes, drilled into it.  This will then be filled with a conductive paste. The conductive paste is applied by a technician and then the part is fired in a kiln to complete the process. The step, in the stated process, that Ball has requested Group 3’s assistance with is the application of the conductive paste coupled with a way to hold the part in place. 
A technician from Ball Aerospace applies this conductive paste with a squeegee, pulling the paste across the sheet in a very uniform pattern. While using a vacuum table to secure the sheet in place, the vacuum also acts to pull the paste through the sheet. Once the technician reaches a point that the sheet is suspected of being appropriately filled, the sheet is picked up and held to an overhead light to verify if there are any unfilled pores. This step is a crucial flaw in the process, as it requires the technician to manipulate the sheet multiple times before completion. This provides several opportunities for the part to suffer damage from touch, drop, and or malformation. Keeping in mind this sheet is the consistency of bubble gum, it does not take much to alter it. 
Ball Aerospace has requested that the team at Prairie View design a vacuum table that can not only perform the task of holding the sheet in place while pulling the conductive paste at a suitable rate through the sheet but also include a backlighting system. Doing so can reduce the number of times the technician needs to interface with the product while at the same time increasing efficiency in completing the number of ceramic sheets completed in one day. The Team is responsible for ensuring the appropriate amount of vacuum is used to perform the tasks while not damaging the part. Providing the correct amount of light, so the pores which are not appropriately filled can be correctly identified. Designing a unit that can be portable by one technician and stackable. This will aid in reducing the shelving space required, for when the completion of additional models occurs. Ball has expressed that they could potentially need up to five of these tables.    
There are several challenges this design solution creates. Researching the existing market of vacuum tables provided some very useful insight into the capabilities/requirements of what is needed. With only a few select, albeit under specified, variations of this type of product on the market, which provides exactly what Ball Aerospace requires, it is certainly a challenging task. The group will have to research several separate products and come up with an engineering solution that combines them all. Providing enough even vacuum to complete the task but not so much that it damages the part, with an integrated light source underneath the sheet. The integrated light source proves to be the toughest aspect of this design.
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Title of Assignment
Defining & Understanding the Design Problem



Outcome Measured Using this Assignment
Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor





Check the engineering design characteristics related to this assignment
	√
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need
This section defines the Problem 
        1.2 Client Identification and Recognition of Need	
        1.3 Project Goals and Objectives
        1.4 Potential Impact of Project on Society (Global, National, Local
        1.5 Initial Project Constraints

	
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity 

	
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	
	Involves fabrication and testing of model or prototype


    
    Brief  justification of why this assignment is suitable for this outcome

This section of the final report demonstrates  the students’ ability to recognize a need, identify clients, define project goals and objectives, identify contemporary issues related to the project, and identify possible impact of the proposed project and solution on society and identify initial project constraints




1. Project Scope
Ball Aerospace is a leading innovator for a variety of industry fields, including Defense, Space, Commercial, and Science. This often requires them to work with and manipulate a variety of materials. Manufacturing can be a very tedious process, especially as the products become smaller and more unique. For this design scope, the group is tasked with assisting in the development of a backlit vacuum table. To help the technicians at Ball Aerospace create a small and thin ceramic circuit board. The table needs to be small enough for one person to transport safely (<40lbs) but still being able to work with more than one sheet of ceramic at a time (each sheet is 8”x8” x.0040”). Cleanable and serviceable are also important characteristics of the design. The primary goal will be to reduce the times a technician is required to manipulate the part, by picking it up to check the pores for proper fill. By reducing the number of times, the technician must pick up the part, a reduction in time and risk to the part can be achieved. The secondary goal will be to provide a solution to assist the technician in applying the conductive paste to the circuit board. Design submission will be due by the 1st week of December 2021. If this meets the budget, a working prototype should be completed by the 1st week of May 2022. The team, Thomas Hale, Ihab Ayoubi, Alvin Ibeabuchi, Ifeanyi Amushie, Caleb Tarver, and Gerardo Saldana will use weekly meetings with the help of our faculty sponsor Dr. Duan and the Customer Clare Decker to provide an engineering solution.

1.1 [bookmark: _Toc102662357][bookmark: _Toc102664941][bookmark: _Toc102665691]Problem Statement
Ball Aerospace needs to create a small and thin ceramic circuit board with a more efficient process of filling these boards in its development of ceramic antennas. These ceramic antennas require filling voids in a ceramic printed circuit board with metallic paste to make conductive connections between layers of circuitry. Said part is then placed under a vacuum. This is then removed from the vacuum and held up to the light to be inspected by the technician.  
Then current problems with this process and design in place are as follows:

· This process can cause damage to the material due to drops from handling these sensitive parts by technicians. 
· There is a need for increased transitions due to having to move the board with each step of the process, applying the paste, placing the circuit board under vacuum, removing the part from the vacuum, inspecting the part under light, and removing any excess paste. These steps may be repeated especially when inspecting. This directly increases cycle time, affecting efficiency.

· The current process takes too long leaving the ceramic material exposed for a prolonged period, causing the material to undergo deformations.

· The process also requires the material to be handled extensively, which can also cause deformation.

· The excess paste can also cause problems with circuitry connections and its removal should be precise and handled with sensitivity to avoid complications. A squeegee would be beneficial in the design to further address these problems and can reduce service times. 

· The vacuum used in the design is inefficient when it comes to the actual suction across the ceramic boards.

· Weight is also a problem with the current design. The ceramic printed boards are too heavy to be moved by one person safely.

· Insufficient ceramic board production

The design that this team is tasked to formulate should address each of these problems in the effort to make a more efficient process with a more feasible design. Using a backlit table to observe the small hole where the metallic paste is pulled through was proposed by Ball Aerospace. This feature could potentially limit the number of transitions in the process by allowing the technicians to observe the ceramic boards without having to lift the boards up to a light. This also can reduce the risk of drops. The team will have to evaluate this solution to determine if it is feasible and is the best way to address the current problems. The team is tasked to produce the best viable solutions to these issues and implement them in the innovation of the current design to benefit Ball Aerospace technicians and companies that handle ceramic printed circuit boards.

1.2 [bookmark: _Toc102662358][bookmark: _Toc102664942][bookmark: _Toc102665692]Client Identification and Recognition of Need
In this section, the group identified potential clients that may have a need for the backlit vacuum table. Along with this the client’s need were assessed to grasp an accurate depiction of their problem.

1.2.1 [bookmark: _Toc102662359][bookmark: _Toc102664943][bookmark: _Toc102665693]Client Identification
For this project, the relevant clients follow a certain order that would be different if an outside company were to be undertaking this project because of the inclusion of the professor that is taking the role of the group advisor. With this the relevant clients that need to be considered for this project include Dr. Duan who role is our group advisor, Ms. Decker who is the main client who is looking for a product to fulfil her company’s need, then there is her employer Ball Aerospace who are Ms. Decker’s employers and the ones creating the ceramic printed circuit boards that this project revolves around. Along with this several other potential clients that this product may also serve a purpose for may include any other companies in the printed circuit board industry that work specifically with ceramic printed circuit boards, such as Onboard Circuits, Advanced Circuitry International, Arrow PCB, Excel Circuits, and many others. This design is created with the manipulation of the ceramic boards in mind, making any company that works with them a client as they would consider having a device to help them process the ceramic in its malleable state without deforming it. This specified design can also serve and function as a basic functioning backlit vacuum table that could serve as widespread use for many other manufacturing companies that would need such a product. Several types of companies that could use such a design would be CNC milling machine users, as a vacuum table can be used to hold down the part being machined. With the function of being a backlit vacuum table, this device can also be useful for the public that may work on do-it-yourself projects at home.

1.2.2 [bookmark: _Toc102662360][bookmark: _Toc102664944][bookmark: _Toc102665694]Identification of Client Need
Need: Ball Aerospace needs to find a way to properly fill the various pores of the ceramic printed circuit boards that they use with the metallic compound that they use, without handling the ceramic boards too often as the more that the boards are handled the more that they will deform causing them to no longer be of use. Along with this the time that the ceramic sheets can be handled is limited as the longer they are exposed to open air the more they dry out causing them to shrink and become unusable, and with their current method being time-consuming with dozens of holes being filled and checked several times over for each board the amount of time they remain exposed begins to add up. 

Dissatisfaction: Based on the problem statement that the company gave use, there are several issues with their current method that they are dissatisfied with, these issues include the weight of the current tables being used, the time it takes to properly fill the pores of a single ceramic printed board, the number of boards being filled per day, the lack of vacuum being pulled across the current tables being used, the  
  
Design being Addressed: The design of the product that is going to be produced has several different design elements that will address the different problems that Ball Aerospace representative has expressed they are currently experiencing. To properly implement these design elements, the problems specified by Ball Aerospace are listed below: 
           1. Current tables being used are not backlit 
           2. Current tables being used do not pull a proper vacuum along with the entire piece of the ceramic printed circuit board 
           3. Current method of filling the pores of the boards involves having to handle the pieces of ceramic more than the company would like 
           4. Current tables being used are heavy causing a hazard when workers must move them from their desks to the storage shelves 
           5. Ceramic material is malleable and can’t be handled too often before it begins to deform 
           6. Filling the pores of the ceramic is a tedious and painstaking task that is currently done with only small squeegees and limited pull from the vacuum 
           7. There is currently no way to check if the pores of the ceramic are filled without handling the boards 
           8. Current methods are time-consuming and if left out too long the ceramic materials may begin to deform 
 

1.3 [bookmark: _Toc102662361][bookmark: _Toc102664945][bookmark: _Toc102665695]Project Goals and Objectives
The project assigned to the group had already been given a solution. After talking to Dr. Duan, the group realized that the solution of a backlit vacuum table may not be the most efficient way to fill in small holes on a ceramic board. The group talked about it for some time and reached the same conclusion as Ball Aerospace. A backlit vacuum reached every objective and problem that Ball Aerospace had given us. The primary function of this project is to fill holes on a ceramic board with a conductive paste. The backlit table can assist in that and provide a way to ensure that it is working efficiently. Also offering safety, quality, and convenience; all while saving the company money. 

1.3.1 [bookmark: _Toc102662362][bookmark: _Toc102664946][bookmark: _Toc102665696]Project Goals
The purpose of this project is to create and develop a system for Ball Aerospace to apply a conductive thermal paste across a circuit board which limits tactile inputs from technicians. Some requirements are that it must be 8 x 8 inches, lightweight (compared to the previous iteration), pull thermal paste through small holes in the surface of the board, ideally carry more than one board at a time and be immovable when placed. In addition to this, it must also restrict the possibility of destruction of the product due to drops.
While talking with our company’s representative the group discussed the issues that the company had with their current design. One of the key issues was that the design that they had was very heavy and difficult to move. This was because it was made by machining out a solid piece of aluminum. The representative (Ms. Decker) stressed that the item would need to be lightweight as it is the most common criticism of her from her technicians. This device needs to be lightweight to increase the production rate of the company. 
As the group shared their concerns with Ms. Decker a great point was brought up by one of the members, “Would you like something to keep in place on the table?” This statement was important because if the device becomes significantly lighter, it could no longer rely on its weight for sustained stability through the motion of squeegeeing the device. This is important in decreasing the chances of loss due to dropping the device or product and would be integral in the development of our project. 
During the meeting, Ms. Decker also defined the project as being a device that ceramic circuit board that needs to be squeegeed across the surface of the project. During the meeting, it was revealed to the group that technicians have been limited to a one-inch squeegee. With this configuration, each technician is required to make multiple passes over the circuit board to fill its many holes. The squeegee system is inefficient, and the time spent applying a squeegee could be automated or better designed to reduce the time it takes to produce a product. 
One of the many tasks of the technicians is to hold the item up to the light to check for uncovered holes. This goes hand in hand with one of the company’s needs, and that is to limit the amount of interaction between the technicians and the circuit board. The technicians could potentially damage the product that Ball Aerospace is producing. Whether through drops, contact with natural oils, or bending. Ball Aerospace stressed that the project limit is being touched or handled by technicians.

1.3.2 [bookmark: _Toc102662363][bookmark: _Toc102664947][bookmark: _Toc102665697]Objectives of the Design
In this subsection a variety of objectives were created by the group as a collaboration to identify the diverse ways to satisfy the client’s need. Along with this, the listed objectives were categorized from low-level to high level in accordance with their relevance to the project. Lastly, the relationship between the objectives and their measurements in units were addressed. 

1. List of design objectives

· Easy for the technician to transport 
· Easy to operate 
· Quality of circuit board should not be at risk by handling from the technician 
· Light weight 
· The table should be light enough for a single person to easily transport it. 
· It should prevent damage in case of drops. 
· It should have required hardness. 
· Compact in size 
· Its size should be compact enough so that a single technician can carry and handle more than one circuit board on it. 
· Enough pressure 
· Its vacuum pressure should be enough so that the circuit board does not move from its position while performing a function on it 
· The pressure should be enough to pull the conductive paste through the holes. 
· Can carry more than one circuit at a time 
· The coating should be easily cleanable 
· Should have resistance against chemicals and corrosion. 
· The surface of the backlit vacuum table should be coated through some materials which are easy to clean and are serviceable. 
· Time effective 
· Easily repairable in case of any abnormalities. 
· It should avoid any tactile inputs 
· Parts should be affordable enough so that their price does not exceed the existing vacuum tables. 
· Light source (checking if holes are filled) 
· A light source should be placed on the vacuum table which will indicate that the conductive paste has reached the bottom.


2. Objectives in sets of higher and lower levels

In Table 1.1 the objectives are organized based on their roles in the completion of the project, with the categories creating a complete analysis of the clients' desired objectives.

[bookmark: _Toc102655350][bookmark: _Toc102662055][bookmark: _Toc102664639][bookmark: _Toc102665389]Table 1.1 Categories of Objectives
	Safety
	Quality
	Convenience
	Economical

	Easy for a technician to transport.
Hardness
Resilience to damage


	Light weight
Compact in size
Enough pressure for required performance.
Chemical resistance
Corrosion resistant.
No damage

	Can carry more than one circuit board at a time
Coating should be easily cleanable
Easy training
Parts can be easily available

	Time effective
Light source will reduce the time for checking the filling of circuit board holes.
Maintain budget.
Should have a long life.


	
	
	




3. Objective Tree
[image: ]Figure 1.1 is an organized tree of the design objectives for the backlit vacuum table, with the categories presented in a way that highlights the requirements needed for the design to be successful. These design objectives were previously laid out in Table 1.1[bookmark: _Toc97503379][bookmark: _Toc97922014][bookmark: _Toc97922985][bookmark: _Toc102412207][bookmark: _Toc102653843][bookmark: _Toc102662111][bookmark: _Toc102664695][bookmark: _Toc102665445]Figure 1.1 Objective Tree


	
	
	




4. Table of measured objectives

Each project provides a plethora of challenges, especially in the development process.  One of the ways a team can help guide the project to success is through a list of measurables.  The group was given a list of objectives to meet from the customer.  Once a full list was gathered, each task was analyzed and assigned a method of measurement with units associated. This information was compiled and used to generate Table 1.2

[bookmark: _Toc102655351][bookmark: _Toc102662056][bookmark: _Toc102664640][bookmark: _Toc102665390]Table 1.2 Measured Objectives
	Objective
	Measurement basis
	Criteria
	Units

	Light weight
	A single technician can carry easily
	mass
	Kg

	Compact size
	Easily handle able
	size
	Inches

	Enough holding power
	Which is sufficient for holding circuit board and pulling thermal paste through holes.
	pressure
	psi

	Cleanable
	The cleaning should be easy
	Nonstick
	Smoothness

	Time effective
	Should reduce the checking time for paste in holes.
	Production
	No. of products


	Light source for filling of holes
	Circuit boards holes can be checked if the light becomes visible
	Visibility through holes
	Photons

	Damage Prevention 
	The damage that can occur due to drops to be avoided
	Physical examination
	Cracks and burring

	Cost effective

	Its price should not exceed with available ones.
	Market comparison
	Dollars

	Size 
	Its size should be enough for 8” *8” inches circuit board
	Dimensions 
	Inches 

	Strength
	It should be strong enough to withstand the different loads such as impact load, its weight etc.
	Hardness 
	Kg-f

	Durability 
	It should be duration enough for at least 5 years.
	Production
	Quality 

	Chemical resistant
	It should not react with the conductive paste.
	Surface 
	Circuit board behavior.


	Reparability
	It has to be easily repairable.
	Parts availability 
	Dollars

	Easy to operate
	It should be easy enough for a technician to understand the mechanism
	Training 
	Time 

	Corrosive resistant
	It should not get corrosion easily
	Circuit board 
	Output examination.

	Placing 
	Circuit board loading and unloading should be easy.
	Technician 
	Survey.



1.4 [bookmark: _Toc102662364][bookmark: _Toc102664948][bookmark: _Toc102665698]Potential Impact of Project on Society (Global, National, and Local)
When designing and selling a product there are a variety of factors that must be considered to create a worthwhile product, of these factors some that must be considered are the impact that the project could have on society (at the global, national, and local level)
	In the planning and consideration of what our project entails there are few different impacts that our specific design will have on society. This is because the item the group plans to design has a specific use case that can be used for other purposes, such as in the use of machine shops and other smaller operation situations. However, none of which very much effect any societal aspects
	Aside from the projects specific use another way that the project could have an impact on society could be from the materials that are being allocated to complete the project itself. With modern societies focusing more on recycling materials to help the environment, especially in the United States, materials such as aluminum have become a focus of effort to increase recycling. Since the design may consider the use of metal parts the group have specified that all parts must come from reputable sources as to help the societal efforts to become more “Green.”
	The last societal factor that was be considered when working on this project was the operation that Ball aerospace was using the design to complete. This was considered due to the fact that the design being created in this project has a specific use that the group must focus on when designing the product. After talking with the industry advisor for the project, the group learned about the various materials used in the operation of creating ceramic printed circuit boards. Of the many materials being used the main one to have an impact on society would be the gold found in the conductive paste used to fill the pores of the circuit boards. Gold is considered a precious metal due to the limited amount of the substance that can be mined, with the mining of gold is a very destructive process that also the potential to poison water supplies in surrounding areas, because of this the use of gold can cause a societal impact at the local or even national level. To combat this Ball Aerospace, recycle the conductive paste by collecting any material, such as gloves and paper towels, that may have come into contact with the paste and sending them to have the gold recycled off them.

1.5 [bookmark: _Toc102662365][bookmark: _Toc102664949][bookmark: _Toc102665699]Initial Project Constraints and Operating Environment
Mechanical Engineering or Engineering in general is a large part of everyday life from menial things such as replacing a lightbulb to the production of a mechanical tool that can make daily life easier. The engineering process is defined by its failures and successes which stem from the identification of a need or problem and breaking it down to its core constraints and environmental limitations. From these parameters, we can analyze and research the problem and configure it to suit the given limitations, and work around them to establish a foundation to build upon. This is done to satisfy or resolve the problem at hand. The initial design constraints were provided to us by our industrial advisor Ms. Clare Decker of Ball Aerospace, for the proposed Back-lit Vacuum Table (these are our initial constraints and may change as we progress through the project). 

1.5.1 [bookmark: _Toc102662366][bookmark: _Toc102664950][bookmark: _Toc102665700]Design Constraints
This subsection states the main design constraints needed to complete the project

· The apparatus must not exceed a weight limit of 50 lbs.: 
· ‘The apparatus is intended to be a tool for use during work and must be viable enough to be moved around for after-work clean-up. The 50 lbs. weight limit is not our intention on how heavy the back-lit table should be but just a marker for us to understand that it should not exceed this point. 
  
· Must use standard outlets for industrial use, such as a 120-volt wall outlet: 
· The use of standard outlets as our intended source of energy came up as a point of interest in our meeting. From what we can assume the Back-lit Vacuum table would be used for an extended amount of time, instead of having to continuously charge the machine repeatedly or having to replace batteries as it would become cumbersome over time and more expensive. Our goal in the creation of the Back Lit Vacuum table is to increase productivity and reduce time spent on the hassle of manipulation of the ceramic tiles. 
  
· Must include attachments for a vacuum/air compressor: 
· As we discussed in our team meeting with our Industrial advisor, we were briefed about how her team had previously handled the problem of not being able to properly see through the ceramic tiles after applying the conductive paste onto the boards. They had used an air compressor to push the viscous paste through the holes of the tile. She had also brought up that they also added a thinning agent to the conductive paste to increase the fluidity of the paste but even then, the paste was still too thick to properly coat the tiles thoroughly.    
  
· Must be resistant against cleaning agents such as Isopropyl Alcohol and Acetone: 
· The group had asked in the meeting what kind of chemicals are used for ceramic tiles during the manufacturing process. We were told that the cleaning agents used for the ceramic board included but were not limited to Isopropyl Alcohol and Acetone and a 50/50 mixture of both. Knowing what cleaning agents, the technician’s use we can rule out any materials that can be damaged or react negatively to the chemicals and produce a safer work environment. 
  
· Must include an illuminating device (light source) to enable the technicians to view any gaps in the hole patterns of the ceramic tiles: 
· The illuminating device described is just a general statement to refer to the light source we have yet to produce a suitable source to use regarding the projects. To our understanding, the current light source used by the technicians in their work environment is simply the ceiling lights used in the workspace. The lighting mechanism we wish to include should be sufficient to provide enough light to peer through the viscous conductive paste. We would need to determine what kind of light source is viable for the board as to not cause mild blindness and blurred vision due to the light source. 
  
· If viable should include a Squeegee for the Back-lit vacuum table: 
· A squeegee is a tool used by the technicians for cleaning purposes for the conductive paste, where it is used to pack in the paste into the ceramic sheet hole patterns. The current tool that is being used is a small tool. The technicians add time to the manufacturing process and slow down productivity. We wish to redesign a squeegee tool that can be used more effectively by the operator.

1.5.2 [bookmark: _Toc102662367][bookmark: _Toc102664951][bookmark: _Toc102665701]Environmental Constraints
This section describes the intended operating environment for our product which also consists of idealized environments for commercial use are but limited to:
 
· Factory/Manufacturing work setting:
· The initial operating setting was to mimic the work environment of the technicians that work at Ball Aerospace we were told by our industrial advisor that the technicians work in a lab setting near workbenches where they primarily work on the fabrication of ceramic sheets.      
· Laboratory:
· A laboratory setting as a work environment can be beneficial for various areas of work from medical to mechanical to chemical. The use of the vacuum table can be used to work in a controlled area to focus on detailed work where the focus is key with the aid of a back-lit table where it can illuminate various details that a simple desk lamp cannot show.
· Home-work bench:
· A home environment can aid in menial everyday life to help a person work on crafting projects for sewing, painting, building, etc. The utility of the Backlit vacuum table is remarkably diverse and useful.
 
The intended audience of the Back-lit Vacuum Table is directed to our client from Ball Aerospace however the versatility of the tool can be utilized in a wide array of work areas. It is a multifaceted tool that can be beneficial in many situations.
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Title of Assignment
Project Tasks and Project Planning



Outcome Measured Using this Assignment
Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor







Check the engineering design characteristics related to this assignment
	√
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need
2.    PROJECT PLANING AND TASK DEFINITION 
       2.1 Task Identification
       2.2 Timeline
       2.3 Gant Chart for Project Management

	
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity 

	
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	
	Involves fabrication and testing of model or prototype


    
    Brief  justification of why this assignment is suitable for this outcome

This section of the final report demonstrates  the students’ ability plan a project by identifying tasks, deliverables for each task, estimate time for each task, define the deliverables for each task, assign personnel, develop a timeline and a Gantt chart for the project.







2. [bookmark: _Toc102662368][bookmark: _Toc102664952][bookmark: _Toc102665702]Project planning and task definition
In this chapter, the planning of the Backlit Vacuum Table Project is broken down in detail. Along with this, the chapter highlights the major tasks and subtasks that are vital in the completion of the project and a rough estimate of how long these tasks should take. All detailed tasks were delegated evenly based on the roles assigned to each group member. Lastly, the chapter includes a timeline and Gantt chart to further help the group manage and plan out the time needed to complete the project.

2.1 [bookmark: _Toc102662369][bookmark: _Toc102664953][bookmark: _Toc102665703]Task Identification
Using the semester syllabus as a guide we based our goals and tasks to follow along with the modules that were important and implemented them into our system to set our milestones according to each Status report submission. Our faculty advisor Dr. Duan aided us in understanding the deliverables that were needed of us and reiterate the project scope with a more in-depth and detailed description of each section. For the section on task identification each of the group members were tasked to identify future goals and plan and develop a working system to complete each module as we work towards completing the project. This subsection helps indicate the future response from our group using the Gantt chart. It listed a proposed timetable to meet the standards of the professors. This timetable included altering our project plan, making necessary changes to the design, project cost/budget, and then the testing of 3d models, and finally the machining and creation of the final product.

Semester 1: Senior Design & Professionalism 1 Fall 2021
 
1. Course overview & introduction to design
            Understand the scope of the course
            Review and rank list of projects
            Be assigned to groups based on ranking of each project
 
2. Problem Formulation 
            Select a group leader and assign roles to each member of the group
            Organize meeting times and locations suitable for each group member
            Develop a problem statement for the assigned project
            Identify the client and address their needs
            Develop project goals and objectives
 
3. Project Planning 
            Create a list of tasks that need to be completed to complete the project
            List objectives, deliverables, and timeline needed to complete the project
            Generate a Gantt chart based on the project tasks and timeline
 
4. Literature Review
            Identify information relevant to the project
            Gather potential sources of relevant information
            Research vacuum tables and their properties
            Research different backlit lighting sources
            Research porous materials that may be used to hold ceramic sheets
            Compose a list of the sources of information used
 
5. Functional Decomposition 
            Define functional decomposition
            Identify a strategy to define the overall functions and sub functions
            Identify material, energy and information inputs and outputs for the functions and 
Sub-functions
            Develop a morphology table based on functional decomposition
 
6. Concepts Generation
            Using well established concept generating techniques generate concepts for previously 	created functions
            Create sketches based on the previously generated concepts
            Allocate all relevant concepts and sketches into a table
             
7. Concepts Evaluation 
            Evaluate all concepts
Implement codes and standards
Consider the global, cultural, social, environmental, and economic
 
8. Preliminary Design
            Identify the types of analysis needed for the design
            Composed equations needed for the analysis
            Preform detailed engineering analysis while applying applicable codes and considering 	public safety
 
9. Detailed Design
            Model design parts and components in CAD software 
            Generate assembled 3D models of project parts
 
 
Semester 2: Senior Design & Professionalism 2 spring 2022
 
 1. Course Overview & Team Agreement
            Understand the complete scope of the course from the syllabus
            Apply the recommendations in the project manual when writing a project report. 
            Develop and describe the process for selecting a group leader and identify the pertinent information to be collected and shared among the group members.
	Identify technical & non-technical roles and develop and describe a process used to assign technical and non-technical roles to each member
	Develop and describe how the group selected the group meeting times and meeting locations suitable to all members as well as meeting times with project advisors.
	Write a simple group agreement using appropriate legal terms that would be binding on each member.
 
2. Project Planning Stage for spring 2022
            Identify and make a detailed list of tasks needed for the project this spring 2022 semester
            Develop objectives, deliverables, timeline, and assign team members for each task.
	Use a project management software such as Microsoft projects to develop a Gantt chart for all of the project tasks

3. Final Corrected Detailed Design Analysis for Sizing Parts/Components
	Identify additional/correction analyses needed for the design and the subject area for the analysis.
	Identify specific equations needed for the analysis
	Perform detailed engineering analysis/corrections needed to correctly size, specify parameters needed for selecting parts and components of the design.

4. Final CAD Models & Drawings:
            Use NX or other CAD software to model parts and components of the design and generate well labeled engineering drawings from the parts.
            Use NX or other CAD software to assemble parts into subassemblies and sub- assemblies into system assembly
            Apply drawing standards when generating drawings of the parts.
Specify parts based on design analysis and CAD drawings
 
5. Final Parts Specification, Cost Analysis, Vendor selection and quotes.
            Specify designed part based on design analysis results.
            Select vendors for specified parts
            Obtain quotes from vendors for parts to be purchased or fabricated outside.
	Place order for the parts
 
6. Consideration of Design Factors
            Consideration of public health, safety, and welfare
            Incorporate into their design: Global, cultural, social, Environmental factors, and Economic factors.

7. Detailed Design, Analysis, Fabrication, and Testing
            To plan out the assembly process of the prototype
            To send out the prototype to Ball Aerospace for testing
            To send out the prototype to Ball Aerospace for testing
To compose a project proposal
 
8. Communication Written & Oral Communication
            To create a midterm report
            To present a midterm report
            To upload a copy of midterm report to canvas

9. Codes & Standards
            Identify and use codes and standards in the design
            Assess the impact of the project and proposed design solution on society (both local and global)

10. Implementation & Testing
            Build and test a prototype
            Build a motion simulation model
            Perform dynamic analysis on simulated model
 
11. Final Presentation and Final Report
            To make corrections and additions to midterm report to complete final report
            To present final presentation
            To submit final report to canvas

2.2 [bookmark: _Toc102662370][bookmark: _Toc102664954][bookmark: _Toc102665704]Timeline
The timeline is the estimated course of action to complete each task given to each group, it creates a list of deliverables with a potential timeline on how long the group can complete the task by covering key aspects of the report. In this case, the report must highlight future modules heading towards Senior Design 2 for the spring semester. By listing the objectives and citing the deliverables with an estimated amount of time to complete each section and what person(s) is expected to complete that portion of the work. Doing so is to evenly disperse the workload among the group members to ensure each member is doing their share of work. The key aspect of the timeline ensures communication between members and establishes a foundation of trust to ensure the work is being done.

2.2.1 [bookmark: _Toc102662371][bookmark: _Toc102664955][bookmark: _Toc102665705]Task Objectives
This subsection takes the previously defined tasks identified in section 2.1 and breaks down the objectives needed to complete each task, along with this the deliverables for each necessary objective are also defined so that the team would know all the steps needed to complete each task.

Semester 1: Senior Design & Professionalism 1 Fall 2021

1. Course overview & introduction to design
Objective: To understand the purpose of the course and gather information on the project
Deliverables: Read through course syllabus
Person(s) Responsible: Individual Assignment
Estimated Time: 1 Day
Objective: To figure out which students wanted to be assigned to what project 
Deliverables: A list of projects ranked by choice along with a description of why students chose their number 1 and 2 choices.
Person(s) Responsible: Individual Assignment
Estimated Time: 2 Days
Objective: To be assigned to each specific group and interact with group members
Deliverables: Meet with group to discuss project
Person(s) Responsible: Individual Assignment
Estimated Time: 1 Day
Objective: To figure out who will be handling what portion of the project and assign a group leader
Deliverables: Submit status report with included group member positions
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: To arrange specified meeting times for the group in order to work on the project
Deliverables: An excel spread sheet listing the available times during the week that each member is able to meet to work on the project assignments
Person(s) Responsible: Thomas Hale & Caleb Tarver
Estimated Time: 3 Days
2. Problem Formulation
Objective: to create a Problem statement based on the problem brought forth by the company
Deliverables: A clearly defined statement that depicts the main issues that the company is facing and those that they want to address.
Person(s) Responsible: Alvin Ibeabuchi
Estimated Time: 2 Days
Objective: To fully understand the client as well as potential clients for the designed project, and understand the needs the project will be fulfilling
Deliverables: A statement of the main client and list of several potential clients that states how they would use the product as well as their needs that the product would fulfil.
Person(s) Responsible: Ifeanyi Amushie
Estimated Time: 2 Days
Objective: To create goals and objectives for the project
Deliverables: A well-developed objective tree showing the different relations between objectives based upon their characteristics
Person(s) Responsible: Ihab Ayoubi & Caleb Tarver
Estimated Time: 4 Days
Objective: To meet with industrial advisor to figure out the constraints and operating conditions for the project
Deliverables: A list of design parameters and constraints the design must follow, as well as a description of the working environment where the design will be used.
Person(s) Responsible: Gerardo Saldana
Estimated Time: 3 Days
3. Project Planning
Objective: To create a tasks list for every assignment and portion of the project
Deliverables: A list of tasks and their respective subtasks that need to be completed in order to complete the design projects
Person(s) Responsible: Ifeanyi Amushie
Estimated Time: 1 Day
Objective: To specify the objectives and deliverables for each task and sub-task
Deliverables: A table that includes the list of task objectives and deliverables while providing them on a timeline needed to complete the project.
Person(s) Responsible: Caleb Tarver, Alvin Ibeabuchi, & Gerardo Saldana
Estimated Time: 4 Days
Objective: To create a Gantt chart to help plan out the semester and breakdown the work for each assignment
Deliverables: A Gantt chart that highlights the main task and deliverables and the time needed to complete each task
Person(s) Responsible: Thomas Hale & Ihab Ayoubi
Estimated Time: 3 Days
4. Literature Review
Objective: To obtain background information relevant to the project
Deliverables: A list of relevant sources
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: To understand the type of sources relevant to the project
Deliverables: A list of citations for each of the relevant sources
Person(s) Responsible: Ifeanyi Amushie & Gerardo Tarver
Estimated Time: 1 Day
Objective: To study relevant information on vacuum tables
Deliverables: A comprehensive research paper on vacuum tables
Person(s) Responsible: Thomas Hale & Gerardo Saldana
Estimated Time: 3 Days
Objective: To study relevant information on backlit lighting sources
Deliverables: A comprehensive research paper on backlit lighting sources
Person(s) Responsible: Ihab Ayoubi & Caleb Tarver
Estimated Time: 3 Days
Objective: To study relevant information on porous materials
Deliverables: A comprehensive research paper on porous materials
Person(s) Responsible: Ifeanyi Amushie & Alvin Ibeabuchi
Estimated Time: 2 Days
Objective: To compose a list of the sources of information used
Deliverables: A list of final sources and credits of each source
Person(s) Responsible: Thomas Hale
Estimated Time: 1 Day
5. Functional Decomposition 
Objective: To understand functional decomposition
Deliverables: A statement on functional decomposition
Person(s) Responsible: Caleb Tarver
Estimated Time: 1 Day
Objective: To establish a way to define functions and sub functions
Deliverables: A well depicted and thought-out strategy used to define functions and sub functions
Person(s) Responsible: Caleb Tarver & Ihab Ayoubi
Estimated Time: 3 Days
Objective: To identify material, energy and information of the inputs and outputs for the functions and sub-functions
Deliverables: List of material and energy used for the function and sub functions
Person(s) Responsible: Ifeanyi Amushie & Ihab Ayoubi
Estimated Time: 3 Days
Objective: To create a morphology table depicting the functional analysis of the project
Deliverables: A morphology table for the functional decomposition
Person(s) Responsible: Thomas Hale, Gerardo Saldana, Alvin Ibeabuchi
Estimated Time: 7 Days
6. Concepts Generation
Objective: To get an understanding of different concepts to work with each function
Deliverables: A list of generated concepts for each function
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: To mock-up sketches for each concept
Deliverables: Collection of sketches based on each selected concept
Person(s) Responsible: Thomas Hale & Alvin Ibeabuchi
Estimated Time: 4 Days
Objective: To review and gather all concepts in one place
Deliverables: A well-organized table with all concepts and sketches
Person(s) Responsible: Ifeanyi Amushie & Gerardo Saldana
Estimated Time: 3 Days
7. Concepts Evaluation
Objective: To identify and organize design criteria
Deliverables: A detailed list of criteria to be implemented into the preliminary design
Person(s) Responsible: Entire Group
Estimated Time: 3 Days
Objective: To evaluate all concept selection methods
Deliverables: A List of concept selection methods to choose from
Person(s) Responsible: Alvin Ibeabuchi, Ihab Ayoubi, & Caleb Tarver
Estimated Time: 3 Days
Objective: To find the strengths of each concept
Deliverables: A completed decision matrix of all relevant concepts
Person(s) Responsible: Thomas Hale, Ifeanyi Amushie, Gerardo Saldana
Estimated Time: 5 Days
Objective: To create an initial design concept
Deliverables: Results of the decision matrix used to select preliminary design
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
8. Preliminary Design 
Objective: To find the best type of analysis for this specific project
Deliverables: Evaluate each analysis type and choose the best one that fits preliminary design
Person(s) Responsible: Caleb Tarver & Alvin Ibeabuchi
Estimated Time: 5 Days
Objective: To understand the equations used to analyze the project
Deliverables: List of equations needed to analyze the effectiveness of the preliminary design
Person(s) Responsible: Ihab Ayoubi & Ifeanyi Amushie
Estimated Time: 8 Days
Objective: To consider public safety when analyzing projects
Deliverables: Finalize preliminary design that adheres to constraints
Person(s) Responsible: Thomas Hale & Gerardo Saldana
Estimated Time: 10 Days
9. Detailed Design
Objective: To understand how to analyze the project
Deliverables: A detailed list of every type of analysis performed
Person(s) Responsible: Ifeanyi Amushie & Caleb Tarver
Estimated Time: 4 Days
Objective: To finalize the analysis of the project design
Deliverables: Detailed analysis of the project
Person(s) Responsible: Caleb Tarver & Ihab Ayoubi
Estimated Time: 7 Days
Objective: To design CAD models of components needed for project
Deliverables: A complete CAD model of the final project design
Person(s) Responsible: Thomas Hale & Alvin Ibeabuchi
Estimated Time: 8 Days
Objective: To design engineering drawings of created components
Deliverables: Engineering drawing of the components used to complete the backlit table
Person(s) Responsible: Thomas Hale & Ihab Ayoubi
Estimated Time: 2 Days
Objective: To create an assembly of the CAD models
Deliverables: A completed CAD assembly of the final project
Person(s) Responsible: Thomas Hale & Gerardo Saldana
Estimated Time: 5 Days

Semester 2: Senior Design & Professionalism 2 spring 2022

1. Course Overview & Team Agreement
Objective: Understand the complete scope of the course from the syllabus
Deliverables: The group must review the course from the syllabus and understand the scope
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: Identify technical & non-technical roles and develop and describe a process used to assign technical and non-technical roles to each member
Deliverables: develop and describe the process of selecting roles for each team member, and group meeting times and locations
Person(s) Responsible: Entire Group
Estimated Time: 1-2 Days
Objective: Write a simple group agreement using appropriate legal terms that would be binding on each member.
Deliverables: The group should also write a formal group agreement.
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
2. Project Planning Stage for spring 2022
Objective: Identify and make a detailed list of tasks needed for the project this spring 2022 semester
Deliverables: List out tasks needed for the spring semester 
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: Develop objectives, deliverables, timeline, and assign team members for each task.
Deliverables: Project manual
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: Use project management software such as Microsoft projects to develop a Gantt chart for all the project tasks
Deliverables: Create Gantt chart using Microsoft
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
3. Final Corrected Detailed Design Analysis for Sizing Parts/Components
Objective: identify additional/correction analyses needed for the design and the subject area for the analysis. 
Deliverable: Discussion of corrections in CAD models and drawings
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: Identify specific equations needed for the analysis
Deliverable: Find relative equations
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: Perform detailed engineering analysis/corrections needed to correctly size, specify parameters needed for selecting parts and components of the design.
Deliverable: Engineering analysis on corrections
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
4. Final CAD Models & Drawings:
Objective: Use NX or other CAD software to model parts and components of the design and generate well 
labeled engineering drawings from the parts.
Deliverable: Create parts for design using CAD software
Person(s) Responsible: Entire Group
Estimated Time: 4-7 Days
Objective: Use NX or other CAD software to assemble parts into subassemblies and sub- assemblies into system assembly
Deliverable: Assemble parts in CAD software
Person(s) Responsible: Entire Group
Estimated Time: 4-7 Days
Objective: Apply drawing standards when generating drawings of the parts. Specify parts based on design analysis and CAD drawings
Deliverables: Discussion of corrections needed in CAD models and drawings
Person(s) Responsible: Entire Group
Estimated Time: 3 Days
5. Final Parts Specification, Cost Analysis, Vendor selection and quotes.
Objective: Specify designed part based on design analysis results.
Deliverables: Specify part
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: Select vendors for specified parts
Deliverables: Research vendors for parts
Person(s) Responsible: Entire Group
Estimated Time: 2 Weeks
Objective: Obtain quotes from vendors for parts to be purchased or fabricated outside.
Deliverables: Gather quotes from vendors
Person(s) Responsible: Entire Group
Estimated Time: 1 Week
6. Consideration of Design Factors
Objective: Consideration of public health, safety, and welfare
Deliverable: Research safety factors
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: Global, cultural, social, Environmental factors, and. Economic factors
Deliverable: Research topics on different factors
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
7. Detailed Design, Analysis, Fabrication, and Testing
Objective: Have good knowledge of the machine shop safety regulation
Deliverables: Attend training and contact supervisor
Person(s) Responsible: Entire Group
Estimated Time: 2-3 Days
Objective: Apply for using the machine shop
Deliverables: Visit/Email Architecture facility
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
8. COMMUNICATION Written & Oral Communication
Objective: Organize report by categorizing ideas for the report into well and logically organized chapters, major sections, subsections and paragraphs
Deliverable: Organize report in word document
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
Objective: Organize, plan, design/prepare and use appropriate visual aids for communication/ presentation
Deliverable: Prepare presentation with PowerPoint
Person(s) Responsible: Entire Group
Estimated Time: 2 Days
Objective: Provide good oral delivery
Deliverable: Articulate subject knowledge
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
9. Codes & Standards
Objective: Identify and use codes and standards in the design
Deliverables: Obtain from industry advisor
Person(s) Responsible: Entire Group
Estimated Time: 3-4 Days
Objective: Assess the impact of the project and proposed design solution on society (both local and global)
Deliverables: Group discussion
Person(s) Responsible: Entire Group
Estimated Time: 1 Day
10. IMPLEMNTATION & TESTING
Objective: Build and test a prototype
Deliverables: Working prototype of the back-lit vacuum table
Person(s) Responsible: Entire Group
Estimated Time: 2-3 Weeks
Objective: Build a motion simulation model
Deliverables: Create motion simulation of design using CAD software
Person(s) Responsible: Entire Group
Estimated Time: 4-7 Days 
Objective: Perform dynamic analysis on simulated model
Deliverables: Motion analysis on simulation
Person(s) Responsible: Entire Group
Estimated Time: 3 Days
11. Final Presentation and Final Report
Objective: Develop a detailed project report
Deliverables: Finalized project and PowerPoint presentation
Person(s) Responsible: Entire Group
Estimated Time: 7 Days
Objective: Develop and conduct a PowerPoint design presentation
Deliverables: Project Presentation
Person(s) Responsible: Entire Group
Estimated Time: 1 Day

2.2.2 [bookmark: _Toc102662372][bookmark: _Toc102664956][bookmark: _Toc102665706]Task Objectives Timeline
The list below highlights the estimated start and end dates of each defined task to be performed during the course of the project. This section was done by taking each task and the dates they would be assigned from the syllabus and estimating the amount of time, in hours, that the group believed it would take to complete this task. The estimations were made based on the descriptions of the tasks defined by the professors. This information was then organized into the list seen below.


Semester 1: Senior Design & Professionalism 1 Fall 2021
 
1. Course overview & introduction to design1. Course Overview & Introduction to Design
            Understand the scope of the course
                        Start/End Dates: August 24
                        Estimated Duration: 24 Hours
            Review and rank list of projects
                        Start/End Dates: August 26- August 27
                        Estimated Duration: 48 Hours
            Be assigned to groups based on ranking of each project
                        Start/End Dates: August 31
                        Estimated Duration: 24 Hours
            Select a group leader and assign roles to each member of the group
                        Start/End Dates: September 4
                        Estimated Duration: 24 Hours
            Organize meeting times and locations suitable for each group member
                        Start/End Dates: September 5- September 7 
                        Estimated Duration: 72 Hours
 
2. Problem Formulation
            Develop a problem statement 
                        Start/End Dates: September 9 -September 10
                        Estimated Duration: 48 Hours
            Identify the client and address their needs
                        Start/End Dates: September 9 -September 10
                        Estimated Duration: 48 Hours
            Develop project goals and objectives
                        Start/End Dates: September 11 -September 14
                        Estimated Duration: 96 Hours
            Gather initial project constraints and operating environments
                        Start/End Dates: September 15 -September 17
                        Estimated Duration: 72 Hours
 
3. Project Planning
            Create a list of tasks that need to be completed in order to complete the project
                        Start/End Dates: September 17 
                        Estimated Duration: 24 Hours
            List objectives, deliverables, and timeline needed to complete the project
                        Start/End Dates: September 18 – September 21
                        Estimated Duration: 96 Hours
            Generate a Gantt chart based on the project tasks and timeline
                        Start/End Dates: September 20 – September 22
                        Estimated Duration: 72 Hours
 
4. Literature Review
            Identify information relevant to the project
                        Start/End Dates: September 22
                        Estimated Duration: 24 Hours
            Gather potential sources of relevant information
                        Start/End Dates: September 24
                        Estimated Duration: 24 Hours
            Research vacuum tables and their properties
                        Start/End Dates: September 23 – September 24
                        Estimated Duration: 48 Hours
            Research different backlit lighting sources
                        Start/End Dates: September 25
                        Estimated Duration: 24 Hours
            Research porous materials that may be used to hold ceramic sheets
                        Start/End Dates: September 29 – September 30
                        Estimated Duration: 48 Hours
            Compose a list of the sources of information used
                        Start/End Dates: September 30
                        Estimated Duration: 24 Hours
 
5. Functional Decomposition
            Define functional decomposition
                        Start/End Dates: September 30 
                        Estimated Duration: 24 Hours
            Identify a strategy to define the overall functions and sub functions
                        Start/End Dates: October 1 – October 3
                        Estimated Duration: 72 Hours
            Identify material, energy and information inputs and outputs for the functions and sub functions
                        Start/End Dates: October 4 – October 6
                        Estimated Duration: 72 Hours
            Develop a morphology table based on functional decomposition
                        Start/End Dates: October 1 – October 7
                        Estimated Duration: 192 Hours
 
6. Concepts Generation
            Using well established concept generating techniques generate concepts for previously created functions
                        Start/End Dates: October 8 – October 10
                        Estimated Duration: 72 Hours
            Create sketches based on the previously generated concepts
                        Start/End Dates: October 8 – October 11
                        Estimated Duration: 96 Hours
            Allocate all relevant concepts and sketches into a table
                        Start/End Dates: October 15
                        Estimated Duration: 24 Hours
 
7. Concepts Evaluation
            Identify and organize design criteria
                        Start/End Dates: October 15 - October 17
                        Estimated Duration: 216 Hours
            Review concept selection methods
                        Start/End Dates: October 18 - October 20
                        Estimated Duration: 216 Hours
            Evaluate all concepts using selected methods
                        Start/End Dates: October 17 - October 22
                        Estimated Duration: 216 Hours
            Generate a preliminary design
                        Start/End Dates: October 23
                        Estimated Duration: 216 Hours
 
8. Preliminary Design
            Identify the types of analysis needed for the design
                        Start/End Dates: October 23 – October 27
                        Estimated Duration: 192 Hours
            Composed equations needed for the analysis
                        Start/End Dates: October 23 – October 30
                        Estimated Duration: 192 Hours
            Preform detailed engineering analysis while applying applicable codes and considering public safety
                        Start/End Dates: October 23 – October 30
                        Estimated Duration: 192 Hours
 
9. Detailed Design
            Identify and plan for all types of analysis needed
                        Start/End Dates: October 30 – November 6
                        Estimated Duration: 192 Hours
            Perform engineering analysis
                        Start/End Dates: October 30 – November 6
                        Estimated Duration: 192 Hours
            Model design parts and components in CAD software
                        Start/End Dates: October 30 – November 6
                        Estimated Duration: 192 Hours
            Create engineering drawings for each designed part
                        Start/End Dates: October 30 – November 6
                        Estimated Duration: 192 Hours
            Use CAD software to add parts to subassemblies and add subassemblies into system assemblies
                        Start/End Dates: October 30 – November 6
                        Estimated Duration: 192 Hours

Based on previous experience from the past semester we can infer that for this semester designated dates may vary due to circumstance due to any number of events. However, we will use the syllabus as a guide to establish milestones that will designate the original anticipated date within a given margin of error that may be caused by unforeseen circumstances because of delays. To position the group for a better situation we will continue as planned without deviating from the pre-established guide following our revised Gantt chart.

Semester 2: Senior Design & Professionalism 2 spring 2022

1. Course Overview & Team Agreement
            Reassign project team roles
                        Start/End Dates: January 20
                        Estimated Duration: 2 Hours
            Compose relevant meeting times from project group members
                        Start/End Dates: January 24
                        Estimated Duration: 2 Hours
            Review project manual
                        Start/End Dates: January 24
                        Estimated Duration: 2 Hours
 
2. Project Planning Stage for spring 2022
            Review project design, analysis, and testing
                        Start/End Dates: January 20 – January 24th 
                        Estimated Duration: 4 Hours
            Review project plan
                        Start/End Dates: January 25- January 27th 
                        Estimated Duration: 48 Hours
 
3. Final Corrected Detailed Design Analysis for Sizing Parts/Components
            Discuss any changes to be made to preliminary design
                        Start/End Dates: January 20 – February 3rd
                        Estimated Duration: 72 Hours
            Generate a detailed process/ product/ system design of CAD modeled parts
                        Start/End Dates: January 20 – February 3rd 
                        Estimated Duration: 120 Hours
            Compose detailed drawing and final design specifications
                        Start/End Dates: January 20 – February 3rd  
                        Estimated Duration: 120 Hours

4. Final CAD Models & Drawings:
            Specify the design parts needed to create a prototype
                        Start/End Dates: February 7 - February 14
                        Estimated Duration: 192 Hours
            Create a timeline for equipment on order and for implementation
                        Start/End Dates: February 7 - February 14
                        Estimated Duration: 192 Hours
            Select vendors to procure components and obtain price quotes
                        Start/End Dates: February 7 - February 14
                        Estimated Duration: 192 Hours
            Purchase order of required parts and components
                        Start/End Dates: February 7 - February 14
                        Estimated Duration: 192 Hours

5. Final Parts Specification, Cost Analysis, Vendor selection and quotes.
            Organize a list of suppliers
                        Start/End Dates: January 20 – February 10th 
                        Estimated Duration: 72 Hours
            Generate a budget generation
                        Start/End Dates: January 20 – February 10th 
                        Estimated Duration: 72 Hours
            Evaluate the approval of the budget agreement
                        Start/End Dates: January 20 – February 10th 
                        Estimated Duration: 72 Hours

6. Consideration of Design Factors
            Identify economic factors
                        Start/End Dates: February 14 – February 21
                        Estimated Duration: 192 Hours
            Identify environmental factors
                        Start/End Dates: February 14 – February 21
                        Estimated Duration: 192 Hours
            Identify public health, safety, and welfare
                        Start/End Dates: February 14 – February 21
                        Estimated Duration: 192 Hours
 
7. Detailed Design, Analysis, Fabrication, and Testing
            Create a detailed plan to manufacture and assemble the Backlit Vacuum Table
         Start/End Dates: February 21 – February 25
                        Estimated Duration: 96 Hours
            Monitor the use of the table in the workshop
                        Start/End Dates: February 26
                        Estimated Duration: 24 Hours
            Test the assembled project in the lab
                        Start/End Dates: February 27- March 2
                        Estimated Duration: 96 Hours
            Complete a project proposal
                        Start/End Dates: March 3 – March 9
                        Estimated Duration: 168 Hours
 
8. Communication Written & Oral Communication
            Compose and discuss Midterm report and presentation
                        Start/End Dates: March 10 – March 13
                        Estimated Duration: 96 Hours
            Present Midterm project presentation
                        Start/End Dates: March 14
                        Estimated Duration: 24 Hours
            Submit Midterm project report
                        Start/End Dates: March 15
                        Estimated Duration: 24 Hours

9. Codes & Standards
	Identify and use codes and standards in the design
		Start/End Dates: March 23-April 7
                        Estimated Duration: 336 Hours
	Assess the impact of the project and proposed design solution on society (both local and global)
		Start/End Dates: March 23-April 7
                        Estimated Duration: 336 Hours

10. Implementation & Testing
            Demonstration of working project
                        Start/End Dates: March 16
                        Estimated Duration: 24 Hours
            Implementation of project into work environment
                        Start/End Dates: March 17- March 20
                        Estimated Duration: 96 Hours
            Identification of critical issues
                        Start/End Dates: March 21- March 22
                        Estimated Duration: 48 Hours
 
11. Final Presentation and Final Report
            Make additions and corrections to midterm presentation and report
                        Start/End Dates: March 23 – March 29
                        Estimated Duration: 168 Hours
            Present final project presentation
                        Start/End Dates: March 30
                        Estimated Duration: 24 Hours
            Submit final project report
                        Start/End Dates: March 31
                        Estimated Duration: 24 Hours




2.2.3 [bookmark: _Toc102662373][bookmark: _Toc102664957][bookmark: _Toc102665707]Project Timeline Tables
The completed list of tasks, objectives, deliverables, and timeline was compiled into a table to have the information in one place, Tables 2.1 and Table 2.2. This was done for both the fall and spring semester.

Table 2.1 includes the arrangement of the defined project tasks, objectives, and deliverables for the backlit vacuum table project for Senior Design 1 Fall 2021. The task durations are listed along with the start and end dates of the tasks in order to define the time constraints of each task.  Along with this the group members that will be primarily responsible for the tasks have been defined.



Table 2.2 includes the arrangement of the defined project tasks, objectives, and deliverables for the backlit vacuum table project for Senior Design 2 Spring 2022. The task durations are listed along with the start and end dates of the tasks in order to define the time constraints of each task.  Along with this the group members that will be primarily responsible for the tasks have been defined.


2.3 [bookmark: _Toc102662374][bookmark: _Toc102664958][bookmark: _Toc102665708]Gantt Charts
The Gantt charts are a key planning tool that can lead to a successfully executed project. These charts are effective for planning the duration and organization assignments associated with completing project tasks. These tasks were previously highlighted in Table 2.1 and Table 2.2. In this section, a Gantt chart was composed as an alternative and more detailed way to represent the planning and scheduling of the project that will take place in the fall 2021 and spring 2022 semesters, this Gantt chart is shown in Figures 2.1 - 2.6. Microsoft Excel was used to create the Gantt chart for the assignment.
	
	
	





[bookmark: _Toc102655352][bookmark: _Toc102662057][bookmark: _Toc102664641][bookmark: _Toc102665391]Table 2.1 Semester 1: Senior Design & Professionalism 1 Fall 2021
	Major Tasks Description 
	Sub-Task Description 
	Objective(s) for Task 
	Deliverables to be Submitted 
	Duration (Days) 
	Start date 
	End Date 
	Primary Responsible Person 

	1. Module 1: Course Overview & Introduction to Design 
  
	1.1 Understand the scope of the course 
  
  
  
  
	 To understand the purpose of the course and gather information on the project
	  Read through course syllabus
	1 Day
	  Aug 24, 2021
	Aug 24, 2021
	  Individual Assignment

	
	1.2 Review and rank list of projects 
 
	 To figure out which students wanted to be assigned to what project
	 A list projects ranked by choice along with a description of why students chose their number 1 and 2 choices
	2 Days
	 Aug 26, 2021
	 Aug 27, 2021
	   Individual Assignment

	
	1.3 Get Assigned to groups based on rankings if each project 
 
	 To be assigned to each specific group and interact with group members
	 Meet with group to discuss project
	1 Day
	 Aug 31, 2021
	 Aug 31, 2021
	 Entire Group

	
	1.4 Select group leader and assign roles to each member of the group 
 
	 To figure out who will be handling what portion of the project and assign a group leader
	 Submit status report with included group member positions
	1 Day
	 Sep 4, 2021
	 Sep 4, 2021
	 Entire Group

	
	1.5 Organize meeting times and locations suitable for each group member 
 
	 To arrange specified meeting times for the group in order to work on the project
	 An excel spread sheet listing the available times during the week that each member is able to meet to work on the project assignments
	3 Days
	 Sep 5, 2021
	 Sep 7, 2021
	 Thomas Hale & Caleb Tarver

	2. Module 2: Project Formulation Stage 
  
	2.1 Develop a problem statement 
	 To create a Problem statement based on the problem brought forth by the company
	  A clearly defined statement that depicts the main issues that the company is facing and those that they want to address.
	2 Days
	  Sep 9, 2021
	Sep 10, 2021  
	  Alvin Ibeabuchi

	
	2.2 Identify the client and address their needs 
 
	 To fully understand the client as well as potential clients for the designed project, and understand the needs the project will be fulfilling
	 A statement of the main client and list of several potential clients that states how they would use the product as well as their needs that the product would fulfil.
	2 Days
	 Sep 9, 2021
	Sep 10, 2021
	 Ifeanyi Amushie

	
	2.3 Develop project goals and objectives 
 
	 To create goals and objectives for the project
	 A well-developed objective tree showing the different relations between objectives based upon their characteristics
	4 Days
	 Sep 11, 2021
	Sep 14, 2021
	 Ihab Ayoubi & Caleb Tarver

	
	2.4 Gather initial project constraints and operating environments 
 
	 To meet with industrial advisor to figure out the constraints and operating conditions for the project
 
	 A list of design parameters and constraints the design must follow, as well as a description of the working environment where the design will be used.
	3 Days
	 Sep 15, 2021
	 Sep 17, 2021
	 Gerardo Saldana

	3.Module 3: Project Planning Stage 
  
	3.1 Create a list of tasks that need to be completed in order to complete the project 
	 To create a tasks list for every assignment and portion of the project
	  A list of tasks and their respective subtasks that need to completed in order to complete the design project
	1 Days
	  Sep 17, 2021
	Sep 17, 2021
	  Ifeanyi Amushie

	
	3.2 List objectives, deliverables, and timeline needed to complete the project 
 
	 To specify the objectives and deliverables for each task and sub-task
	 A table that includes the list of task objectives and deliverables while providing them on a timeline needed to complete the project.
	4 Days
	 Sep 18, 2021
	 Sep 21, 2021
	 Caleb Tarver, Alvin Ibeabuchi, & Gerardo Saldana

	
	3.3 Generate a Gantt chart based on the project task and timeline 
 
	 To create a Gantt chart to help plan out the semester and breakdown the work for each assignment
	 A Gantt chart that highlights the main task and deliverables and the time needed to complete each task
	3 Days
	 Sep 20, 2021
	 Sep 22, 2021
	 Thomas Hale & Ihab Ayoubi

	4. Module 4: Literature Review Stage 
  
	4.1 Identify information relevant to the project 
	  To obtain background information relevant to the project
	  A list of relevant sources
	2 Days
	  Sep 23
	  Sep 24
	  Entire Group

	 
	4.2 Gather potential sources of relevant information 
	 To understand the type of sources relevant to the project
	 A list of citations for each of the relevant sources
	1 Day
	 Sep 25
	Sep 25
	 Ifeanyi Amushie & Gerardo Tarver

	 
	4.3 Research vacuum tables and their properties 
	 To study relevant information on vacuum tables
	 A comprehensive research paper on vacuum tables
	3 Days
	 Sep 26
	 Sep 28
	 Ifeanyi Amushie & Alvin Ibeabuchi

	 
	4.4 Research different backlit lighting sources 
	 To study relevant information on backlit lighting sources
	 A list of final sources and credits of each source
	2 Days
	 Sep 27
	 Sep 28
	 Thomas Hale

	 
	4.5 Research porous materials that may be used to hold ceramic sheets 
	 To study relevant information on porous materials
	 A comprehensive research paper on porous materials
	2 Days
	 Sep 29
	Sep 30
	 Ifeanyi Amushie & Alvin Ibeabuchi

	 
	4.6 Compose a list of the sources of information used 
	 To compose a list of the sources of information used
	 A list of final sources and credits of each source
	1 Day
	 Sep 30
	Sep 30
	 Thomas Hale

	5. Module 5: Functional Decomposition Stage 
  
	5.1 Define functional decomposition 
	  To understand functional decomposition
	  A statement on functional decomposition
	1 Day
	 Sep 30
	Sep 30
	  Caleb Tarver

	 
	5.2 Identify a strategy to define the overall functions and sub functions 
	 To establish a way to define functions and sub functions
	 A well depicted and thought-out strategy use to define functions and sub functions
	3 Days
	 Oct 1 
	Oct 3
	 Caleb Tarver & Ihab Ayoubi

	 
	5.3 Identify material, energy and information inputs and outputs for the functions and sub functions 
	 To identify material, energy and information of the inputs and outputs for the functions and sub functions
	 List of material and energy used for the function and sub functions
	3 Days
	 Oct 4
	Oct 6
	 Ifeanyi Amushie & Ihab Ayoubi

	 
	5.4 Develop a morphology table based on the functional decomposition 
	 To create a morphology table depicting the functional analysis of the project
 
	 A morphology table for the functional decomposition
	7 Days
	 Oct 1 
	Oct 7
	 Thomas Hale, Gerardo Saldana, Alvin Ibeabuchi

	6. Module 6: Concepts Generation Stage 
  
	6.1 Using well established concept generating techniques generate concepts for previously created functions 
	  To get an understanding of different concepts to work with each function
 
	  A list of generated concepts for each function
	2 Days
	  Oct 8 
	Oct 10
	  Entire Group

	 
	6.2 Create sketches based on the previously generated concepts 
	 To mock-up sketches for each concept
	 Collection of sketches based on each selected concept
	4 Days
	 Oct 8 
	Oct 11
	 Thomas Hale & Alvin Ibeabuchi

	 
	6.3 Allocate all relevant concepts and sketches into a table 
	 To review and gather all concepts in one place
	 A well-organized table with all concepts and sketches
	1 Day
	 Oct 15
	Oct 15
	 Ifeanyi Amushie & Gerardo Saldana

	7. Module 7: Concepts Evaluation Stage  
  
	7.1 Identify and organize design criteria 
	  To identify and organize design criteria
	  A detailed list of criteria to be implemented into the preliminary design
	3 Days
	  Oct 15
	  Oct 17
	  Entire Group

	 
	7.2 Review concept selection methods 
	 To evaluate all concept selection methods
	 A List of concept selection methods to choose from
	3 Days
	 Oct 18
	 Oct 20
	 Alvin Ibeabuchi, Ihab Ayoubi, & Caleb Tarver

	 
	7.3 Evaluate all concepts using selected methods 
	 To find the strengths of each concept
	 A completed decision matrix of all relevant concepts
	5 Days
	 Oct 17
	Oct 22
	 Thomas Hale, Ifeanyi Amushie, Gerardo Saldana

	 
	7.4 Generate a preliminary design 
	 To create an initial design concept
	 Results of the decision matrix used to select preliminary design
	1 Day
	 Oct 23
	 Oct 23
	 Entire Group

	8. Module 8: Preliminary Design Stage 
  
	8.1 Identify the types of analysis needed for the design 
	  To find the best type of analysis for this specific project
	  Evaluate each analysis type and choose the best one that fits preliminary design
	5 Days
	  Oct 23
	  Oct 27
	  Caleb Tarver & Alvin Ibeabuchi

	 
	8.2 Composed equations needed for the analysis 
	 To understand the equations used to analyze the project
	 List of equations needed to analyze the effectiveness of the preliminary design
	8 Days
	 Oct 23
	 Oct 30
	 Ihab Ayoubi & Ifeanyi Amushie

	 
	8.3 Preform detailed engineering analysis while applying applicable codes and considering public safety 
	 To consider public safety when analyzing project
	 Finalize preliminary design that adheres to constraints
	10 Days
	 Oct 23
	Oct 30
	 Thomas Hale & Gerardo Saldana

	9. Module 9: Detailed Design Stage Part 
  
	9.1 Identify and plan for all types of analysis needed 
	  To understand how to analyze the project
	  A detailed list of every type of analysis performed
	4 Days
	  Oct 31
	Nov 3
	 Ifeanyi Amushie & Caleb Tarver

	 
	9.2 Preform engineering analysis 
	 To finalize the analysis of the project design
	 Detailed analysis of the project
	7 Days
	 Oct 31
	Nov 4
	 Caleb Tarver & Ihab Ayoubi

	 
	9.3 Model design parts and components in CAD software 
	 To design CAD models of components needed for project
	 A complete CAD model of the final project design
	8 Days
	 Nov 2 
	Nov 10
	 Thomas Hale & Alvin Ibeabuchi

	 
	9.4 Create engineering drawings for each designed part 
	 To design engineering drawings of created components
	 Engineering drawing of the components used to complete the backlit table
	2 Days
	 Nov 12
	 Nov 13
	 Thomas Hale & Ihab Ayoubi

	 
	9.5 Use CAD software to add parts to subassemblies and add subassemblies into system assemblies 
	 To create an assembly of the CAD models
	 A completed CAD assembly of the final project
	5 Days
	 Nov 14
	 Nov 18
	 Thomas Hale & Gerardo Saldana




[bookmark: _Toc102655353][bookmark: _Toc102662058][bookmark: _Toc102664642][bookmark: _Toc102665392]Table 2.2 Semester 2: Senior Design &Professionalism 2 spring 2022
	Major Tasks Description
	Sub-Tasks Description
	Objective(s) for Task
	Deliverables to be Submitted
	Duration (Days)
	Start date
	End Date
	Primary Responsible Person

	1. Course Overview & Team Agreement

	1.1 Review course syllabus
	Understand the complete scope of the course from the syllabus 
	Knowledge of syllabus
	2 Day 
 
	Jan 19
	Jan 20
	Individual 

	
	1.2 Review project manual
	Apply the recommendations in the project manual when writing a project report. 
	Knowledge of project manual
	1-2 Days

	Jan 19
	Jan 20
	Entire Group

	
	1.3 Create process to assign new group roles
	Develop and describe the process for selecting a group leader and identify the pertinent information to be collected and shared among the group members. 
	Reassignment work sheet which details new positions for each member of the group. 

	7 Days

	Jan 19
	Jan 26
	Entire Group

	
	1.4 Reassign project team roles
	Identify technical & non-technical roles and develop and describe a process used to assign technical and non-technical roles to each member 
	Status Report 1
	7 Days

	Jan 19
	Jan 26
	Entire Group

	
	1.5 Compose relevant meeting times from project group members
	Develop and describe how the group selected the group meeting times and meeting locations suitable to all members as well as meeting times with project advisors. 
	Status Report 1
	7 Days

	Jan 19
	Jan 26
	Entire Group

	
	1.6 Compose relevant team agreement
	Write a simple group agreement using appropriate legal terms that would be binding on each member. 
	Team Agreement Contract
	7 Days

	Jan 19
	Jan 26
	Ifeanyi Amushie

	2. Project Planning Stage for Spring 2022
	2.1 Create a list of tasks that need to be completed in order to complete the project
	Identify and make a detailed list of tasks needed for the project this Spring 2022 semester 
	A list of tasks and their respective subtasks that need to completed in order to complete the design project
	7 Days

	Jan 20
	Jan 27
	Caleb Tarver

	
	2.2 List objectives, deliverables, and timeline needed to complete the project
	Develop objectives, deliverables, timeline, and assign team members for each task. 
	A table that includes the list of task objectives and deliverables while providing them on a timeline needed to complete the project.
	7 Days

	Jan 20
	Jan 27
	Entire Group

	
	2.3 Generate a Gantt chart based on the project task and timeline
	Use a project management software such as Microsoft projects to develop a Gantt chart for all of the project tasks 
	A Gantt chart that highlights the main task and deliverables and the time needed to complete each task
	7 Days

	Jan 20
	Jan 27
	Thomas Hale

	3. Final Corrected Detailed Design Analysis for Sizing Parts/Components

	3.1 Identify the inaccuracies and insufficiencies in previously submitted analysis
	Identify additional/correction analyses needed for the design and the subject area for the analysis. 
	Status report 3 on corrected analysis
	14 Days

	Jan 20
	Feb 3
	Entire Group

	
	3.2 Compose equations to complete analysis
	Identify specific equations needed for the analysis 
	Status report 3 on corrected analysis
	14 Days

	Jan 20
	Feb 3
	Entire Group

	
	3.3 Complete corrected analysis 
	Perform detailed engineering analysis/corrections needed to correctly size, specify parameters needed for selecting parts and components of the design. 
	Status report 3 on corrected analysis
	14 Days

	Jan 20
	Feb 3
	Entire Group

	4. Final CAD Models & Drawings:

	4.1 Model design parts and components in CAD software
	Use NX or other CAD software to model parts and components of the design and generate well labeled engineering drawings from the parts. 
	A complete CAD model of the final project design
	15 Days

	Jan 26
	Feb 10
	Caleb Tarver & Thomas Hale

	
	4.2 Create engineering drawings for each designed part
	Use NX or other CAD software to assemble parts into subassemblies and sub- assemblies into system assembly 
	A completed CAD assembly of the final project
	15 Days

	Jan 26
	Feb 10
	Caleb Tarver & Thomas Hale

	
	4.3 Use CAD software to add parts to subassemblies and add subassemblies into system assemblies
	Apply drawing standards when generating drawings of the parts.
Specify parts based on design analysis and CAD drawings 
	Engineering drawing of the components used to complete the backlit table
	15 Days

	Jan 26
	Feb 10 
	Caleb Tarver & Thomas Hale

	5. Final Parts Specification, Cost Analysis, Vendor selection and quotes.

	5.1 Organize list of parts
	Specify designed part based on design analysis results. 
	List of parts needed to be purchased
	7 Days

	Feb 10
	Feb 17
	Entire Group

	
	5.2 Organize a list of suppliers
	Select vendors for specified parts 
	List of vendors from which items will be purchased
	7 Days

	Feb 10
	Feb 17
	Thomas Hale, Alvin Ibeabuchi, Gerardo Saldana

	
	5.3 Generate a budget generation
	Obtain quotes from vendors for parts to be purchased or fabricated outside. 
	List of quotes for each part that will be ordered
	7 Days

	Feb 10
	Feb 17
	Thomas Hale, Alvin Ibeabuchi, Gerardo Saldana

	
	5.4 Order parts
	Place order for the parts 
	Receipt of ordered parts
	7 Days

	Feb 10
	Feb 17
	Thomas Hale and Alvin Ibeabuchi

	6. Consideration of Design Factors

	6.1 Identify public health, safety, and welfare
	Consideration of public health, safety, and welfare 
	Documented list of general safety pertaining to the products material makeup

	14 Days

	Feb 10
	Feb 24
	Entire Group

	
	6.2 Identify environmental factors

	Incorporate into their design: Global, cultural, social, Environmental factors, and Economic factors. 
	Word Document containing environmental factors 

	14 Days

	Feb 10
	Feb 24
	Entire Group

	7. Detailed Design, Analysis, Fabrication, and Testing

	7.1 Create a detailed plan to manufacture and assemble the Backlit Vacuum Table
	 To plan out the assembly process of the prototype
	Product assessment and CAD models 

	28 Days

	Feb 23
	Mar 23
	Entire Group

	
	7.2 Monitor the use of the table in the workshop

	To send out the prototype to Ball Aerospace for testing
	Product Documentation

	28 Days

	Feb 23
	Mar 23
	Entire Group

	
	7.3 Test the assembled project in the lab
 
 
	To send out the prototype to Ball Aerospace for testing
	Product Documentation

	28 Days

	Feb 23
	Mar 23
	Entire Group

	
	7.4 Complete a project proposal

	To compose a project proposal
	Completed Project Proposal

	28 Days

	Feb 23
	Mar 23
	Entire Group

	8. Communication Written & Oral Communication

	8.1 Compose and discuss Midterm report and presentation
	To create a midterm report
	PowerPoint Presentation 
 

	3-4 Days
	Mar 6
	Mar 10
	Entire Group

	
	8.2 Present Midterm project presentation

	To present a midterm report
	PowerPoint Presentation
	1 Day
	Mar 10
	Mar 10
	Entire Group

	
	8.3 Submit Midterm project report
	To upload a copy of midterm report to canvas
	Midterm Submission on Canvas (Soft copy) Word Document of Progress thus far (Hard Copy)
	1 Day
	Mar 10
	Mar 10
	Alvin Ibeabuchi


	9. Codes & Standards

	9.1 Understanding of relevant cods and standards associated with the project
	Identify and use codes and standards in the design 
	Implementation of codes and standards in completed work
	14 Day
	Mar 23
	Apr 7
	Entire Group

	
	9.2 Recognizing the effect of each set of codes and standards
	Assess the impact of the project and proposed design solution on society (both local and global) 
	Implementation of codes and standards in completed work
	14 Day
	Mar 23
	Apr 7
	Entire Group

	10. Implementation & Testing

	10.1 Create a detailed plan to manufacture and assemble the Backlit Vacuum Table
	Build and test a prototype 
	Functional prototype 
	31 Day
	Mar 31
	May 1
	Thomas Hale and Alvin Ibeabuchi

	
	10.2 Test the assembled project in the lab
	Build a motion simulation model 
	Documentation of experiment

	31 Day
	Mar 31
	May 1
	Caleb Tarver and Gerardo Saldana

	
	10.3 Test the assembled project in the lab
	Perform dynamic analysis on simulated model 
	Documentation of experiment

	31 Day
	Mar 31
	May 1
	Gerardo Saldana

	11. Final Presentation and Final Report

	11.1 Make additions and corrections to midterm presentation and report
	To make corrections and additions to midterm report to complete final report

	Finalized Project and PowerPoint presentation 

	30 Days

	Apr 5
	May 5
	Entire Group

	
	11.2 Present final project presentation
	To present final presentation

	Project Presentation
	1 Day

	May 5
	May 5
	Entire Group

	
	11.3 Submit final project report

	To submit final report to canvas

	Final Project report submission on Canvas (Soft copy) Final Word Document Report (Hard Copy)

	5 Day

	May 1
	May 5
	Alvin Ibeabuchi
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\
The Gantt chart is the measurement of the work produced versus the work needed to be done. To accomplish each task, appropriate planning, and organization of efforts to match the Gantt chart, is imperative. Although the Gantt chart is the standard of measurement for the group to know whether an appropriate schedule is being maintained, it does not include potential obstacles that may occur. The responsibility of the group is to accommodate each task and adjust the course of the unexpected pitfalls along the way, to complete a finished product for the deadline.  The Gantt chart shall be updated and maintained as the project progresses. 
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MECHANICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
MCEG 4248  SENIOR DESIGN & PROFESSIONALISM II  P01, P02, & P03
SPRING 2022
Instructors: Dr. P.O. Biney, Dr. X. Peng, & Dr. C. Duan
Title of Assignment
Literature Review for Design Problem



Outcome Measured Using this Assignment
Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor





Check the engineering design characteristics related to this assignmentBrief  justification of why this assignment is suitable for this outcome
This section of the final report demonstrates  the students’ ability conduct literature review as part of the design process to gather relevant information about the project.




	
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need

	√
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity
LITERATURE REVIEW 
3.1 Identification of Information Relevant to the Project 
3.2 Potential Sources of Information for Project
3.3 Table of Content over Chapter 3
3.3.1 Shell and Tube Heat Exchanger: Advantages, Disadvantages, and Major Components 
3.3.2 Double Pipe Heat Exchanger: Advantages, Disadvantages, and Major Components
3.3.3 Plate Heat Exchanger: Advantages, Disadvantages, and Major Components
3.3.4 Finned Tube Heat Exchanger: Advantages, Disadvantages, and Major Components
3.4 Heat Exchangers
3.4.1 Existing Heat Exchangers, Advantages, Disadvantages, and Major Components 
3.4.2 Analysis for Double Pipe Heat Exchanger
3.4.3 Analysis for Plate Heat Exchanger
3.4.4 Analysis for Finned Tube Heat Exchanger
3.4.5 Testing Methods
3.5 Design Analysis Equations for Double Pipe, Shell and Tube, and Plate Heat Exchangers
3.5.1 Testing Methods
3.5.2 Piping and Fittings Codes and Standards
         3.53 Valves Codes and Standards
3.6   Codes and Standards

	
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	
	Involves fabrication and testing of model or prototype


    


3. [bookmark: _Toc102662375][bookmark: _Toc102664959][bookmark: _Toc102665709]Literature Review
In this chapter a literature review is conducted that discusses the different components that the group believed could be used to make a backlit vacuum table. A literature review is considered the most important part of the research process as it includes previously done studies or relevant literature on the current topic. This studies/literature allows the researcher to select a new dimension of his/her research to save time, energy, and money. The research team has reviewed previous studies regarding the design of a backlit vacuum table for ceramic printed circuit board via filling.

3.1 [bookmark: _Toc102662376][bookmark: _Toc102664960][bookmark: _Toc102665710]Identification of Information Relevant to the Project
Research done by the group on the various components, working materials, and other analysis associated with a backlit vacuum table was conducted. In doing this a better understanding of the information needed to complete the project was carried out by identifying relevant subject areas, and then analyzing components needed to create a working design for the project. The main benefits and drawbacks of different components, different backlighting and vacuum types, are discussed to gain a better understanding of what materials would be needed to create the best design for the project.
The list below highlights the main topics and their respective subtopics that the group deemed relevant to research for the project. In this chapter every topic is discussed in detail with figures being used to give visuals in order to help depict certain concepts.
	Backlighting Sources
		LEDs
		LED Strips
		LED Chips
	Vacuum Tables and Analysis of Vacuum Pumps
	Printed Ceramic Circuit Boards
	Market Squeegees and Potential Application to this Project
	Societal, Environmental, and Economic Analysis
	Codes and Standards

	All of the information gathered in this section falls under three types of information, technical, creative, and economic. In terms of technical information, the were several topics that included this type of information including the vacuum tables and analysis of vacuum pumps, printed ceramic circuit boards, societal analysis, environmental analysis, economic analysis, and the codes and standards. The topics that fell under the creative types of information were the backlighting sources, market squeegees and potential application to the project, and vacuum table sections. And lastly for the economic information, the only topic that involved this was economic analysis.





3.2 [bookmark: _Toc102662377][bookmark: _Toc102664961][bookmark: _Toc102665711]Potential Sources of Information for Project
With the use of online scholarly databases, including google scholars, the University Library, and other reliable articles, sources have been gathered and cited throughout the literature review. Many websites with unknown authors and editors, such as Wikipedia, were avoided during this assignment. In the list below there are the various sources that were used to complete each section of the literature review.

	Backlighting Sources
· https://www.sciencedirect.com/science/article/pii/S129007290900163X
· https://en.wikipedia.org/wiki/LED_strip_light
· https://www.sciencedirect.com/science/article/pii/S1359431108001208

	Vacuum Tables and Analysis of Vacuum Pumps
· https://www.industrialspec.com/about-us/blog/detail/vacuum-unit-conversion-chart-ism-technical-resource
· https://www.industrialspec.com/about-us/blog/detail/vacuum-unit-conversion-chart-ism-technical-resource

	Printed Ceramic Circuit Boards
· https://www.pcbdoing.com/ceramic-pcb-manufacturing.html?btm_x=bob&network=g&targetid=kwd-519027173205&matchtype=e&device=c&g_kw=ceramic+pcb+manufacturing&adposition=&loc_interest_ms=&loc_physical_ms=1026711&gclid=CjwKCAjwzaSLBhBJEiwAJSRokodI3kS-c9BiLldoteEUsLdUZFFxFMrktSxhI90oAVQbXG49v1qbAxoCTn4QAvD_BwE.
· https://www.bestpcbs.com/products/thick-film-ceramic-pcb.htm.
· https://www.pcbglobal.com/47/blog.html.
· https://www.techopedia.com/definition/27069/passive-network.

3.3 [bookmark: _Toc102662378][bookmark: _Toc102664962][bookmark: _Toc102665712]Backlight Sources
3.3.1 [bookmark: _Toc102662379][bookmark: _Toc102664963][bookmark: _Toc102665713]LEDs
Types of LEDs include:
· SMD (Surface mounted diode) is a standalone chip on a ceramic base that can be integrated into various packages for linear LED strips.
· COB (chip on board) LED, which comes as a high-powered chip in direct contact with a printed circuit board.
· MCOB (multiple chips on board) LEDS are multiple COB LEDs integrated to form a single chip. This is used in LED bulbs and tubes.
· MCCOB (multiple chips and cups on board) packages, are used for high bay fixtures and floodlights

LEDs (light emitting diode) are a semiconductor device that emits light when an electric current is passed through it. The thermal management of LEDs for general illumination applications is of primary importance to their reliability and efficiency. Approximately 90% of thermal energy is dissipated from the LED die through conduction as opposed to radiation. The materials that are used in the packaging of LEDs play a major role in the resistance to thermal dissipation. In a system, convection to the surrounding environment is the primary method for thermal dissipation and can occur through either natural or active means. For LEDs to be energy-efficient it is better to use thermal management solutions which require little or no added power for cooling. 

3.3.2 [bookmark: _Toc102662380][bookmark: _Toc102664964][bookmark: _Toc102665714]LED Strips
An LED strip light is a flexible circuit board populated by surface-mounted light-emitting diodes (SMD LEDs) and other components that usually comes with an adhesive backing. Strip lights are traditionally used in accent lighting, backlighting, task lighting, and decorative lighting applications. Increased luminous efficacy and higher-power SMDs have allowed LED strip lights to be used in more complex applications. 
Some of the variables in strip lighting consist of water resistance, color, adhesives, choice of SMD, driving voltage, control type, and whether it is constant current or constant voltage layout. Uncoated LED tape is not considered to have any resistance to water but may be rated as IP20 for physical ingress resistance. Such tapes are generally low voltage and safe for skin to touch but can be shortened by fine metal objects. Water-resistant strip lighting is covered in a heat-conducting material (epoxy or silicone) to protect the circuitry from direct contact with water and can be rated IP65, IP67, or with suitable sealed connections, then IP68. Both coated and uncoated LED tapes have a two-sided adhesive backing to stick to surfaces. The most common design differences are in how individual LEDs are controlled, such as color differences and if an LED is addressable.

Examples of this:
A Single Color, non-addressable: Every LED on the strand is a single white color, typically ranging from 2200K to 6500K, in correlated color temperatures of white light color temperature, or any of several monochrome colors covering the range of the visible spectrum (generally from 400-700 nanometers in wavelength).
Dynamic Tunable White (often described with CCT), non-addressable: This allows the user to adjust the color temperature output from a single strip light. Multicolor, non-addressable: Each LED can display red, green, blue, or all three (white), driven by three input power rails. All the LEDs display the same color at any one time, but the color can be manipulated by varying the voltage applied to each of the three power inputs. 
 
LED strip designs are available with many different types of SMD, not only in different colors and addressable or non-addressable, but also in different shapes, sizes, and power levels. The most common types of SMD are 3528. Single color, non-addressable, very low power of 5050. Higher power levels are 2835. A newer single-color SMD having the same surface dimensions as the 3528 but a larger emitter area and a thinner design with an integrated heatsink allowing for higher power levels of 5730. A newer replacement for single-color 5050 SMDs which can operate at slightly higher power levels and have high efficacy. 
LED strip lights operate on 12 or 24 volts of direct current from a power supply. USB strip lights operate on the standard 5-volt direct current used by USB devices. Main's voltage LED strips are also available. These have the advantages of being usable in much longer single runs without the brightness dropping along the length of the strip. They are less flexible and heavier. No separate power supply is needed, but there must be a rectifier between the mains supply and the end of the LED strip.  
The most common PCB designs use multiple parallel circuits consisting of passive dropper resistors in series with a certain number of LED SMDs, to operate at a certain current and power level with the expected input voltage. An alternative design is the "constant current" design where each parallel circuit of SMDs includes a small integrated circuit to provide a fixed current to the LEDs. 

3.3.3 [bookmark: _Toc102662381][bookmark: _Toc102664965][bookmark: _Toc102665715]LED Chips
Multiple-chip packaging becomes common in the LEDs packaging community. For this type of packaging, thermal spreading resistance affects the total thermal performance of LEDs. 

3.4 [bookmark: _Toc102662382][bookmark: _Toc102664966][bookmark: _Toc102665716]Vacuum Tables and Analysis of Vacuum Pump
A vacuum siphon is a gadget that eliminates gas atoms or air particles from a fixed volume to accomplish contrast in pressure making a halfway vacuum. Vacuum siphons are planned in an assortment of innovations dependent on the strain prerequisites and the application it administers. When setting up a vacuum siphon framework, measuring to the right boundaries is critical to accomplish ideal effectiveness. 
 
Vacuum is a space without issue where the vaporous tension inside this volume is beneath barometrical strain. A vacuum siphon's principal work is to change the tension in a contained space to make a full or fractional vacuum either precisely or artificially. Tension will consistently attempt to adjust across associated districts as gas particles stream from high to low to fill the whole space of that volume. Subsequently, if an extraordinary failure pressure space is presented, gas will normally move from high-pressure region to the new space of low-tension until they are of equivalent strain. Notice this vacuum cycle is made not by "sucking" gases but rather pushing particles. Vacuum siphons basically move gas particles starting with one area then onto the next to make a vacuum by changing high and low-pressure states. 
 
As atoms are taken out from the vacuum space, it turns out to be dramatically harder to eliminate extra ones, subsequently expanding the vacuum power required. The tension territories are set into a few gatherings:
· Rough/Low Vacuum: 1000 to 1 mbar / 760 to 0.75 Torr 
· Fine/ Medium Vacuum: 1 to 10-3 mbar / 0.75 to 7.5-3 Torr 
· High Vacuum: 10-3 to 10-7 mbar / 7.5-3 to 7.5-7 Torr 
· Ultra-High Vacuum: 10-7 to 10-11 mbar / 7.5-7 to 7.5-11 Torr 
· Extreme High Vacuum: < 10-11 mbar / < 7.5-11 Torr 
Vacuum pumps are classified by the pressure range they can achieve to help distinguish their capabilities. These classifications are: 
· Primary (Backing) Pumps which handle rough and low vacuum pressure ranges. 
· Booster Pumps handle low and medium pressure ranges. 
· Secondary (High Vacuum) Pumps handle high, very high and ultra-high vacuum pressure ranges. [1]

Contingent upon the strain necessities and working application, vacuum siphon advances are viewed as one or the other wet or dry. Wet siphons use oil or water for oil and fixing, while dry siphons have no liquid in the space between the turning systems or static parts that are utilized to disconnect and packing gas atoms. Without oil, dry siphons have exceptionally close tolerances to work successfully without wear. Allow us to check out a portion of the techniques utilized in a vacuum siphon.

Catch Pumps 
 
Catch siphons, likewise, alluded to as capture siphons, have no moving parts and are utilized for applications that require incredibly high vacuum pressures. Without moving parts, catch siphons can establish a vacuum climate utilizing two distinct techniques. 
 
· Cryopump (Dry, Secondary): Pressure 7.5 x 10-10 Torr, Pumping Speed 1200 – 4200 I/s [1] 

One of the techniques utilized by catch siphons is by catching gas particles through cryogenics to trap gas atoms. Cryopumps utilize cryogenic innovation to freeze or trap the gas to a freezing surface. By utilizing amazingly chilly temperatures, they successfully attract atoms internal to make a vacuum. 
 
· Falter Ion Pumps (Dry, Secondary): Pressure 7.5 x 10-12 Torr, Pumping Speed 1,000 I/s [1]

Falter Ion siphons utilize exceptionally attractive fields and ionization of gas atoms to make them electrically conductive as a technique for capture. The attractive field makes a haze of electropositive particles that are stored onto a titanium cathode. In this cycle, the synthetically dynamic materials consolidate with gas particles to attract them and make a vacuum. 
 
Move Pumps 
 
Move siphons can work utilizing two sorts of strategies: Kinetic energy or Positive Displacement. Dissimilar to Capture Pumps, Transfer siphons are pushing the gas particles out of space through the framework. What they share practically speaking is they all utilization a strategy for precisely pushing gas and air through the framework at various framework spans. Usually, various exchange siphons are utilized together in corresponding to give higher vacuum and stream rate. It is additionally normal to use different exchange siphons in a framework to consider excess in case of a siphon disappointment. 
 
Active Pumps 
 
Active Pumps utilize the guideline of energy through impellers (cutting edges) or acquainting fumes with push gas towards the power source. 
 
· Turbo Molecular Pump (Dry, Secondary): Pressure 7.5 x 10-11 Torr, Pumping Speed 10 – 50,000 I/s. [1]

All Kinetic siphons are auxiliary siphons as they are utilized for high tension applications. One dry technique is the Turbo molecular siphon, which utilizes fast turning edges inside the chamber that push the gas atoms. Moving energy from the pivoting edges to the gas atoms expanding their pace of moving towards the power source. These siphons give low tensions and have low exchange rates. 
 
· Fume Diffusion Pump (Wet, Secondary): Pressure 7.5 x 10-11 Torr, Pumping Speed 10 – 50,000 I/s. [1]
 
Fume Diffusion Pump utilizes high speed warmed oil steam that utilizes active energy to drag gas atoms from the bay to the power source. There are no moving parts and there is a decreased tension at the bay. 
 
Positive Displacement Pumps 
 
The other type of Transfer type is Positive Displacement. The fundamental rule of a Positive Displacement siphon is by growing the first volume into the chamber they move little, disconnected volumes of gas at various stages, compacting to a more modest volume and at a higher tension ousted to the outside. These siphons work at lower pressure runs and are arranged under essential or promoter siphons and consolidate wet or dry advances. Here are the different sorts of positive uprooting essential vacuum siphons: 
 
· Oil Sealed Rotary Vane Pump (Wet, Primary): Pressure 1 x 10-3 mbar, Pumping Speed 0.7 – 275 m3/h (0.4 – 162 ft3/min) [1]

Oil Sealed Rotary Vane siphons pack gases with a whimsically mounted rotor that turns a bunch of vanes. Because of divergent power, these vanes slide out and structure chambers among themselves and the lodging. The siphoned medium is caught inside these chambers. During additional turns, their volume is continually diminished. Consequently, the siphoned medium is packed and shipped to the power source. Revolving vane vacuum siphons are accessible in single-and two-stage variants.

· Liquid Ring Pump (Wet, Primary): Pressure of 30 mbar, Pumping Speed 25 – 30,000 m3/h (15 – 17,700 ft3/min) [1]

Liquid ring siphons have an off-kilter impeller with vanes bowed towards revolution that structure a moving barrel shaped ring of fluid around the packaging from radial speed increase. The vanes make bow formed spaces of various sizes as they pivot and are fixed by the fluid ring. Close to the pull or channel, the volume increases causing the strain in the area to drop and attract gas. As it pivots, the volumes between every vane diminishes in light of the eccentrically situated impeller and fluid ring development. This packs the gas as it releases, making a ceaseless stream.

· Diaphragm Pump (Dry, Primary): Pressure of 5 x 10-8 mbar, Pumping Speed 0.6 – 10 m3/h (0.35 – 5.9 ft3/min) [1]

Diaphragm siphons are dry strategy positive relocation vacuum siphons. A diaphragm sits on a bar associated by means of a driving rod that moves the diaphragm upward as it pivots. At the point when the diaphragm is in a low position, volume in the chamber builds, bringing down the strain and pulling air atoms in. As the diaphragm climbs, the volume is diminished, and gas particles are packed while streaming to the power source. Both the bay and outlet valves are spring stacked to respond to the strain changes.

· Scroll Pump (Dry, Primary): Pressure of 1 x 10-2 mbar, Pumping Speed 5.0 – 46 m3/h (3.0 – 27 ft3/min) [1]

Scroll siphons utilize two non-pivoting looks in a winding plan, where the inward one circles and traps a gas in the external volume space. As it circles the volume of gas gets decreasingly more modest and more modest, packing it until it arrives at least volume and greatest strain permitted and is removed at the power source situated at the focal point of twisting.

· Roots Style Pumps (Dry, Booster): Pressure <10-3 Torr, Pumping Speed 100,000 m3/h (58,860ft3/min) [1]

Root siphons push gas a single way through two flaps that lattice without contacting as the counter turns. This counter turning makes the most extreme stream rate as the volume increments at the bay at the all the while diminishing at the power source packing the strain. These siphons are intended for applications where evacuation of huge volumes of gas is required.

· Claw Pumps (Dry, Booster): Pressure 1 x 10-3 mbar, Pumping Speed 100 – 800 m3/h (59 – 472 ft3/min) [1]

Hook siphons have two revolving paws that counter turn. They are very productive, dependable, and low support, and frequently utilized in cruel modern conditions. The Claws go inside 2/1000'' of one another, yet never really contact. This negligible freedom between the Claws and the chamber lodging streamlines the inward seal, dispensing with wear and the requirement for greases or oils.

· Screw Pumps (Dry, Booster): Pressure 1 x 10-2 Torr, Pumping Speed 750 m3/h (440 ft3/min) [1]

Screw siphons use two pivoting screws evenly positioned along within a chamber, one remaining gave and one right-gave, that likewise network without contact. Gas particles presented toward one side are caught between the two screws, and as they transform in inverse ways gas is driven into space with diminishing volume, compacting it as it arrives at outlet and making a decreased strain by the bay.

As should be obvious, figuring out what vacuum siphon you might require for your gas expulsion cycle can fluctuate on such countless elements. These incorporate siphoning strain and speed ranges, stream rate, gas type application, volume size, future and the area of your framework. This can be an overwhelming assignment that can be tedious and expensive if not picked right. Anderson Process can make this choice cycle straightforward with master information, an immense range of siphons and gear stock and full designing and creation offices if your framework requires an exclusively produced arrangement.





3.5 [bookmark: _Toc102662383][bookmark: _Toc102664967][bookmark: _Toc102665717]Printed Ceramic Circuit Boards
Ceramic printed circuit boards (Ceramic PCB) produce the best substrates for electronic circuits having a very high thermal conductivity as well as a very low expansion coefficient (CTE). The ceramic PCB is highly versatile that can replace the entire traditional printed circuit board with a less complicated construction with enhanced performance.
From our Literature Review, we have come to an understanding of what Ceramic Circuit boards are, and potentially how they are used by Ball Aerospace. Without disclosing too much information, ceramic circuit boards are Ceramic PCB that is made up of ceramic material. The use of ceramic material is inherently based on its mechanical applications due to its high thermal conductivity. It has also been stated that it has "...a very low expansion coefficient [2] Which means that the material would not experience deformation from extreme temperatures. The manufacturing process includes different varieties of Ceramic PCB, listed as Thick Film, Thin Film, and DCB (Direct Copper Bonded) Ceramic PCB.


· Thick Film Ceramic PCB: is differentiated by the, “thickness of its conductor layer” [3] in versions said to exceed 10 microns, (1 micron is one one-thousandth of a millimeter). they are used in some items including but not limited to:
· High-Power LED's
· Electric power transmitter modules
· Solar cells

· Thin Film Ceramic PCB: differs from the thick film, it is thinner, measuring, “less than 10 microns”. [3]Thin Film works better for on-board passive networks (a type of computer network in which each node works on a predefined function or process), assemblies for micro-components (any combination of coordinating parts that work together to achieve a specific task), and hybrid integration (where you integrate cloud-based services and on-premises systems and applications of your business to work as a cohesive unit) of circuits formed by packaging.

· Direct Copper Bonding Ceramic PCB: is created in a distinct way where during the manufacturing process where they inlay the ceramic PCB with copper foil. Doing so gives the PCB better, “isolation (the separation between two circuits)…higher thermal conductivity” [3]. This is because copper's natural properties to conduct electric current and elevated temperatures. Also having a better solder ability (which is the measure of how easy it is to solder a joint to a material).



3.6 [bookmark: _Toc102662384][bookmark: _Toc102664968][bookmark: _Toc102665718]Market Squeegees and Potential Application to this Project
[image: ]One of the main challenges of this project is to pull a conductive paste through small holes in a ceramic circuit board. One of the ways Ball Aerospace has been able to fulfill this problem is the use of a one-inch squeegee. Due to the pliability of the surface of the board, the choice of squeegee and the amount of pressure on the board is increasingly important.


[bookmark: _Toc97503389][bookmark: _Toc97922024][bookmark: _Toc97922995][bookmark: _Toc102412217][bookmark: _Toc102653853][bookmark: _Toc102662121][bookmark: _Toc102664705][bookmark: _Toc102665455]Figure 3.1 Simple Squeegee [16]

3.6.1 [bookmark: _Toc102662385][bookmark: _Toc102664969][bookmark: _Toc102665719]Simple Squeegees
The type being referred to here is the “8 in Width Straight Rubber Window Squeegee with Handle” made by Mallory Inc. This squeegee is only used as a model of the possible implementation of on 8-inch squeegee with a single point of contact. The squeegee mentioned is the correct size and theoretically provides the same function as the one-inch squeegee Ball Aerospace already uses. If a similar product is used the main issue would be the uniformity of application. As this device has only one point of contact the application of forces would be heavy near the point at which the handle meets the squeegee. At any point of the squeegee further laterally from this point would decrease in applied forces. This decrease would create inconsistencies in the application of conductive paste along the span of the ceramic board.

[image: ]
[bookmark: _Toc97503390][bookmark: _Toc97922025][bookmark: _Toc97922996][bookmark: _Toc102412218][bookmark: _Toc102653854][bookmark: _Toc102662122][bookmark: _Toc102664706][bookmark: _Toc102665456]Figure 3.2 Multiple Points of Contact [27]

	


3.6.2 [bookmark: _Toc102662386][bookmark: _Toc102664970][bookmark: _Toc102665720]Multiple Contact Squeegees
The model object is the “Straight Silicone Bench Squeegee without Handle.” To mitigate the problem the group had the idea of implementing a squeegee with multiple points of contact.
 This would allow the forces to be evenly distributed along the whole of the ceramic board. Whether it is implemented in the shape of a solid block or in individual points along the span of the squeegee the result would be the same. The main issue for this would still be the same as the last iteration and that would be the even distribution of forces as it has not been tested in this application.

[image: A picture containing tool
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[bookmark: _Toc97503391][bookmark: _Toc97922026][bookmark: _Toc97922997][bookmark: _Toc102662123][bookmark: _Toc102664707][bookmark: _Toc102665457][bookmark: _Toc102412219][bookmark: _Toc102653855]Figure 3.3 Small Squeegee 


3.6.3 [bookmark: _Toc102662387][bookmark: _Toc102664971][bookmark: _Toc102665721]Small Squeegees
This is the same iteration of a squeegee that Ball Aerospace has already implemented. The design is used by running multiple passes over the ceramic board allowing the conductive paste to be applied evenly. They also used a special handle to allow a good grip on the squeegee furthering the effectiveness of the method. They are still having issues with this method. 

3.6.4 [bookmark: _Toc102662388][bookmark: _Toc102664972][bookmark: _Toc102665722]Automated Squeegees
This in conjunction with one or more of the other methods would allow Ball Aerospace to accomplish the goal of limiting tactile inputs from technicians. The group would have to test the implementation of the other squeegee iterations and the most useful would potentially be used on an automated squeegee if it were implemented. The main issue with this would be the longevity of the motors involved. This could cause the whole project to be unusable if the motors are not able to be changed out easily, or if the squeegee breaks in the middle of operation.

3.7 [bookmark: _Toc102662389][bookmark: _Toc102664973][bookmark: _Toc102665723]Societal, Environmental, and Economic Analysis
While conducting the literature review for our project there were several types of analysis that were found to be associated with many engineering projects, these analyses included societal, environmental, and economic impacts. Based on the scope of the project at hand and the information presented by our industrial advisor, the project has no actual societal impact and because of this a societal analysis is not able to be done. Because of this, this section of the literature review is not applicable to the project. The environmental working conditions of the project were given to the group by the industrial advisor. She stated that for this project, the table will be operated in a room temperature environment with normal humidity levels. Based on this the group concluded that there shouldn’t be any wear on the device based on its operating conditions. Lastly, there is the economic analysis of Ball Aerospace and the impact that the backlit vacuum table will have. Unfortunately, similarly too many of the other forms of analysis there aren’t many scholarly sources or peer review papers that can be accessed online as most of the work done by Ball Aerospace is proprietary and confidential. Along with this our industrial advisor, Ms. Decker, is out of the office, which limited the amount of information that the group was able to collect about the economic impact that this project would have. But, based on the previous meetings with Ms. Decker the overall consensus about the project would be that it would increase the efficiency of the workers, allowing them to complete assignments more quickly. Based on this there wouldn’t be any economic gain from this but rather an increase in the company’s efficiency.

3.8 [bookmark: _Toc102662390][bookmark: _Toc102664974][bookmark: _Toc102665724]Codes and Standards
The following are then codes and standards used by Ball Aerospace including industrial standards. Ball Aerospace mostly maintains their standards through the design and drawing checklists below, Tables 3.1 and 3.2 respectively. These reference internal documents only provided for Ball Aerospace employees (anything that starts with STD (standard), WI (work instruction), and GL (guideline). The checklists make sure that designs and drawings are well thought out with intention, manufacturability, easy to understand and use, and reviewed by all other necessary disciplines. These standards were also incorporated when conducting the literature review. 
 
Main standards used are:
· Ball Standards (these all have internal documentation numbers):
· Cleaning requirements
· Bond processes
· Silicone handling
· Industry standards:
· J-STD-001: Soldering
· MIL-STD-130: Part Marking
· ASME B1.1: Threads
· NAS850: General Packaging
· 3334: Primary Aluminum
[bookmark: _Toc102655354][bookmark: _Toc102662059][bookmark: _Toc102664643][bookmark: _Toc102665393]Table 3.1 Mechanical Design Checklist
[image: ]










[bookmark: _Toc102655355][bookmark: _Toc102662060][bookmark: _Toc102664644][bookmark: _Toc102665394]Table 3.2 Mechanical Design Checklist
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MECHANICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
MCEG 4248  SENIOR DESIGN & PROFESSIONALISM II  P01, P02, & P03  
SPRING 2022
Instructors: Dr. P.O. Biney, Dr. X. Peng, & Dr. C. Duan

Title of Assignment
Preliminary Project Design



Outcome Measured Using this Assignment
Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor






Check the engineering design characteristics related to this assignment
	
√

	Involves  using information gathered in the literature review to assist in functional decomposition, generation of concepts for the design functions, evaluation of the concepts to select the best concepts and combining concepts to generate the initial system design.

	√
	.
4.     PRELIMINARY DESIGN	
   4.1	Functional Decomposition	
   4.2	Concept Generation	
   4.3	Concept Evaluation and Selection	
   4.4	System Sketches and Description for Two final Designs	

	
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	
	Involves fabrication and testing of model or prototype


Brief  justification of why this assignment is suitable for this outcomeThis section of the final report demonstrates the students’ ability to perform preliminary design by generating concepts, evaluating and selecting the best concepts, identify the relevant design constraints and applicable codes and standards relevant to the design.






4. [bookmark: _Toc102662391][bookmark: _Toc102664975][bookmark: _Toc102665725]Preliminary Design
This chapter discusses the processes in which the overall and sub-functions for the design of the backlit vacuum table were formed. Throughout the chapter, descriptions, and images related to the functional decomposition of the prospective backlit vacuum table designs can be found. To better understand the processes, one should read the descriptions effectively and carefully. In the following subsequent sections, the report will describe the functional decomposition of the main goal of the project statement which leads to the concept generation. In the concept generation, the group was tasked with establishing criteria that would determine the final output of the design choices that would be implemented in the final design. The process went through general brainstorming of core concepts. Later it would be filtered through an elimination method to focus our ideas and what we needed the final product to have which was done through the Go/No-Go tables. From there it would go through another screening method based on points that calculated the effectiveness of each concept and how it handled that criterion. Finally, it would culminate into our final design where we would develop CAD models to display the mechanical features and its overall functionality.

4.1 [bookmark: _Toc102662392][bookmark: _Toc102664976][bookmark: _Toc102665726]Functional Decomposition
In this section, the group worked individually to generate ideas then came together to discuss the best ideas associated with potential design functions of the backlit vacuum table. With these ideas, the team was able to decompose the project's overall function, level 1, level 2, and level 3 sub-functions. During this decomposition we were able to create a concept and evaluate it based off criteria we have deemed useful for the project. This process will help us generate a specialized and valued model for the duration of the project.

4.1.1 [bookmark: _Toc102662393][bookmark: _Toc102664977][bookmark: _Toc102665727]Overall Function
To determine the overall functions for this project each team member was tasked to provide 3 to 4 suggestions for the overall function using electronic sticky note sheets. During the scheduled face to face group meetings, each team member took at least 30 minutes to brainstorm, within a shared document, what they believed would best fit as a function. This data was then collected and pasted on a page to produce the figure as that of Figure 4.1, the sticky note sheet. As a group a single overall function was formed where all the individual functions were combined into paragraph form to explain what the project needs to accomplish. The overall design needs to hold the ceramic board in place and pull the conductive ink through the pores in the ceramic board while illuminating the pores to verify the ink application throughout the board. After displaying the overall function, the group then took time to discuss potential inputs and outputs for the project. The team was able to produce electricity as an input with effective lighting and an efficient vacuum as its outputs. To expand on the inputs and outputs the group sought assistance from Dr. Duan during the class hours. From the meeting the team added materials as inputs such as air, ink, and ceramic. An ink filled ceramic board was the final output.
[image: ]
[bookmark: _Toc102412220][bookmark: _Toc102653856][bookmark: _Toc102662124][bookmark: _Toc102664708][bookmark: _Toc102665458]Figure 4.1 Level 0 Overall Function Sticky Notes
Figure 4.1 allowed us to focus on what function each member thought was crucial to the design of the Backlit Vacuum Table
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[bookmark: _Toc102412221][bookmark: _Toc102653857][bookmark: _Toc102662125][bookmark: _Toc102664709][bookmark: _Toc102665459]Figure 4.2 Overall Function Inputs and Outputs
Figure 4.2 is a functional layout of all observable inputs and outputs, meaning what the product does and how it translates it to other functions in the mechanical system.

4.1.2 [bookmark: _Toc102662394][bookmark: _Toc102664978][bookmark: _Toc102665728]Level-1 Sub-function
The process to determine the overall function of the product led to the discussion of the Level 1 Sub-Function. The process was discussed between the team members during our online zoom meetings where we would break down the Overall Functions into its most basic parts. The structure of deconstructing the Overall function was focused to encompass the general idea of what the product’s intended use was made to be. The question being the answer, the products function should list the desire or need of the customers, in this case it is the Back-Lit Vacuum table. The problem statement gave rise to the solution and from there we broke down its core concepts, “what is it supposed to do.” The brainstorming session setup the foundation for the concept generation. The Sub-Level 1 functions of the Back-Lit Vacuum table are as follows:

Figure 4.3 was the start of the derivation process where we break down a function into its core concept

[image: ]
[bookmark: _Toc102412222][bookmark: _Toc102653858][bookmark: _Toc102662126][bookmark: _Toc102664710][bookmark: _Toc102665460]Figure 4.3 Level 1 Sub-function Sticky Notes

The listed Sub-level 1 functions listed specify the overall function which is the Back-Lit Vacuum Table. From here we can dissect the problem into its major components.
a. The technicians need a light source to be able to see through the ceramic circuit boards pores.
b. The technicians need a stable vacuum pressure to clean off the excess conductive paste from the ceramic circuit boards
c. The technicians need to be able to carry, work and organize the apparatus to accommodate their work area without impeding assembly.
d. The technicians should be able to clean the apparatus without causing damage to the sheet and to the environment
The thought process for each function came with much debate to describe a core problem that could be brought up for and answered by the product. The main concern was to solve the initial problem, what does the customer wants. The customer, Ball Aerospace, wants a tool that can serve as a workstation where their technicians can safely place a fragile ceramic circuit board. From there they can apply a viscous conductive paste onto the board to properly coat the perforated holes. The technicians would then carefully go over the board without applying too much pressure, too much pressure can cause deformation of the ceramic board, and it needs a delicate touch. With a squeegee the technician pushes the paste through the miniature holes too evenly coat them although the process is done carefully it cannot sufficiently push the paste all the way through and some residual paste may be leftover and clog up the pores. The technician would then be enabled by the back light to see what hole is clogged up by having the light source pierce through the holes that are cleaned versus the ones that are still blocked. The technician then would activate the vacuum pump to precisely suction off the excess paste and clean the ceramic board thoroughly. At the end of the day the technician can easily clean the apparatus with viable chemical cleaning solutions (Such as Acetone, and Isopropyl Alcohol). The product should be resistant to these chemicals and to any similar solutions to prevent reactivity between the metals/plastics and acids. After the cleaning process is finished the technician must be able to safely lift the tool without having to strain themselves and properly put it away for the next workday.
The Sub-level functions serve as milestones and work as goals to mark down which step the project is reaching towards and what has been completed. It serves to reticulate the problem and to be able to organize ourselves if we get sidetracked with minor details that do not help us towards our goal in solving the problem that the customers asked for and providing them with our solution.




















Figure 4.4 gives a tree design displaying how our Sub-Level functions branch out from the original problem statement
[image: ]

[bookmark: _Toc102412223][bookmark: _Toc102653859][bookmark: _Toc102662127][bookmark: _Toc102664711][bookmark: _Toc102665461]Figure 4.4 Level 1 Sub-function Tree
4.1.3 [bookmark: _Toc102662395][bookmark: _Toc102664979][bookmark: _Toc102665729]Level-2 Sub-function
Determining the level two sub functions is the next step in the functional decomposition process. Further review of each level one function resulted in a better understanding of the requirements of the design. This was achieved by continuing the process used for developing the overall function and level one sub functions. After spending approximately thirty minutes discussing which level one sub functions provided the most complete result, level two sub functions are the next task. Proceeding to level two sub functions, thirty minutes were taken to produce three to five level two bullet points for each of the five level one sub functions. Once the time limit expired, forty-five minutes were used to discuss the options, remove the duplicates, and select the most appropriate level two sub functions. Level two sub functions are then transferred to the table. Completion of the level two sub functions allows for further decomposition of functions, as necessary. 
Each level of two sub functions plays an important role in the operation of the design. One of the primary functions of this design is to create suction via a vacuum pump. This creates two level one functions which were broken down into six level two functions. The vacuum is utilized to hold the part in place, doing so by providing uniform suction in all sectors of the cavity. In addition, this will prevent any side shifting or movement of the part while the technician is applying a conductive paste. All while reducing the interaction between technician and the part. The vacuum function doubles to assist in the application of the conductive paste, by pulling it through the pores. An incredibly useful and efficient method to reduce the number of passes the technician is required to apply the paste. With the help of the vacuum, the technician can more successfully fill all the voids in the ceramic sheet. 
Another incredibly important and useful function of this design will be a lighting system designed to be present behind the ceramic sheet. Currently the technician is required to apply the paste and then lift the sheet up to the light to check that all the pores are filled. With the addition of the lighting system below/behind the ceramic sheet, the technician can clearly detect any voids that were not properly filled. This ensures the efficiency of the applicator and vacuum.
For safety and ergonomic reasons, the table needs to be modest in size. One person will need to be able to transport the table from storage to the workstation and operate it from that desk. The worker’s desks have limited room and are set at an established height. An optimal design would allow multiple units to be stacked to conserve storage space.
Cleaning is an important part of all working areas; this design is no different. Working in an industrial environment can provide a host of challenges for any piece of equipment. Being able to resist certain chemicals during the operating process is a firm requirement. Given the knowledge of the specific chemicals required (Isopropyl Alcohol and Acetone) to remove the conductive paste and excess ceramic helped guide the design in an appropriate direction. Being environmentally conscious is also a very important aspect of any good engineering design. This design will result in a reduction of single use consumables. As well as maintaining integrity after being disassembled/reassembled during the cleaning process.   
The logic behind using a vacuum pump within this project design is as follows. First, while considering the functions, the group considered the many operational necessities defined by our company contact. Those requirements are to limit direct physical contact by both holding a ceramic sheet in place while pulling conductive ink through small holes in the sheet’s surface. Both of these objectives are essential to the design, as if they are not implemented the project will fail.
Second, they then brainstormed derivations of those primary objectives to create functions to be implemented in the aforementioned design. These are shown in level two sub-function sticky notes attached to this document. Each one is directly correlated to a corresponding level one function and further explains its functions.
Thirdly, the group followed the processes given and communicated how the inputs and outputs of the overall objectives were utilized. In addition to this, the inputs and outputs for each individual level 2 sub-function were discussed. Although these comments are not written expressly in this report, they were important to establish a better understanding of the project.



In Figure 4.5 the Level 2 sub-functions are specified regarding to the Vacuum Chamber and what it will be designed to accomplish
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[bookmark: _Toc102412224][bookmark: _Toc102653860][bookmark: _Toc102662128][bookmark: _Toc102664712][bookmark: _Toc102665462]Figure 4.5 Level 2 Sub-functions Sticky Notes (Vacuum)



Figure 4.6 follows the same format as the Vacuum Chamber Sticky notes. Here the lighting function is defining the mindset of what needs to be accomplished by incorporating a light source. 
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[bookmark: _Toc102412225][bookmark: _Toc102653861][bookmark: _Toc102662129][bookmark: _Toc102664713][bookmark: _Toc102665463]Figure 4.6 Level 2 Sub-functions Sticky Notes (Lighting Source)
Figure 4.7 breaks down the key pieces for understanding why the product needs to be lightweight
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[bookmark: _Toc102412226][bookmark: _Toc102653862][bookmark: _Toc102662130][bookmark: _Toc102664714][bookmark: _Toc102665464]Figure 4.7 Level 2 Sub-functions Sticky Notes (Lightweight and Portable)
Figure 4.8 explains the products feature to be easily cleaned in response to our client’s use of cleaning agents during production
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[bookmark: _Toc102412227][bookmark: _Toc102653863][bookmark: _Toc102662131][bookmark: _Toc102664715][bookmark: _Toc102665465]Figure 4.8 Level 2 Sub-functions Sticky Notes (Cleanable)

Figure 4.9 details the overall function of power distribution, determining how to supply power to the system and what options are available versus what is suitable for the final design.
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[bookmark: _Toc102412228][bookmark: _Toc102653864][bookmark: _Toc102662132][bookmark: _Toc102664716][bookmark: _Toc102665466]Figure 4.9 Level 2 Sub-functions Sticky Notes (Power Distribution)
Figure 4.10 is the tree design how it evaluates our initial functions and displaying the derivation process and its total outcome at this level.
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[bookmark: _Toc102412229][bookmark: _Toc102653865][bookmark: _Toc102662133][bookmark: _Toc102664717][bookmark: _Toc102665467]Figure 4.10 Level 2 Sub-function Tree

4.1.4 [bookmark: _Toc102662396][bookmark: _Toc102664980][bookmark: _Toc102665730]Level-3 Sub-function
In this section, each group member was tasked with composing three different level 3 sub-functions for the twelve level 2 sub-functions, as previously discussed in the level 2 sub-functions some sub-functions may not be able to be decomposed further so sticky notes for these sub-functions were not required. During one of the groups meetings 15-20 minutes were spent for everyone to write down their ideas, once this time elapsed each member typed in their ideas into the sticky notes document previously created during the formulation of the overall functions and previous sub-functions. These level 3 sub-functions were later formatted into figures 4.11-4.15 when completing the Status Report 6 assignment. After all members finished inputting their sub-functions the rest of the meeting was spent discussing all the different level 3 sub-function ideas until we slowly dwindled them down to the best 2-3 per level 2 sub-function. With this done, figure 4.16 the full functionality decomposition for the backlit vacuum table was presented.
Through the analysis of the level 3 functions, it can be concluded that the design of the table will be able to have a 10-15 psi uniform vacuum pull that will allow the ceramic piece to not only be held in pace reducing the amount that workers will handle the boards as well as increase the efficiency of the inking process. The sub-function ideas that led to this are shown in figures 4.11, 4.12 and 4.15. Moreover, with this design a single worker will be operating each table which is why it must be designed to be easy to carry as well as be lightweight so that they can maneuver the table around their workspace. Based on this it was also concluded that in order for the table to fulfil all of Ball aerospace’s requirements it would have to be shaped in a manner that will allow several units to be stacked to be stored on storage shelves. The ideas that led to this are shown in figures 4.14 and 4.14.

Figure 4.11 is an account of the creative process dedicated to create level 3 sub- functions.
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[bookmark: _Toc102412230][bookmark: _Toc102653866][bookmark: _Toc102662134][bookmark: _Toc102664718][bookmark: _Toc102665468]Figure 4.11 Level 3 Sub-functions Sticky Notes (Hold Ceramic)
Figure 4.12 is an account of the creative process dedicated to create level 3 sub- functions revolving around the need for the product to suck ink.
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[bookmark: _Toc102412231][bookmark: _Toc102653867][bookmark: _Toc102662135][bookmark: _Toc102664719][bookmark: _Toc102665469]Figure 4.12 Level 3 Sub-functions Sticky Notes (Suck Ink)
Figure 4.13 is an account of the creative process dedicated to create level 3 sub- functions involving the stick ability of the device.
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[bookmark: _Toc102412232][bookmark: _Toc102653868][bookmark: _Toc102662136][bookmark: _Toc102664720][bookmark: _Toc102665470]Figure 4.13 Level 3 Sub-functions Sticky Notes (Stackable)


Figure 4.14 is an account of the creative process dedicated to create level 3 sub- functions highlighting the need for a lightweight design.
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[bookmark: _Toc102412233][bookmark: _Toc102653869][bookmark: _Toc102662137][bookmark: _Toc102664721][bookmark: _Toc102665471]Figure 4.14 Level 3 Sub-functions Sticky Notes (Lightweight)

Figure 4.15 is an account of the creative process dedicated to create level 3 sub- functions which call for the device to pull air in a uniform fashion.
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[bookmark: _Toc102412234][bookmark: _Toc102653870][bookmark: _Toc102662138][bookmark: _Toc102664722][bookmark: _Toc102665472]Figure 4.15 Level 3 Sub-functions Sticky Notes (Uniform Vacuum)














Figure 4.16 denotes the list of sub-functions to be implemented within the design of the project.
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[bookmark: _Toc102412235][bookmark: _Toc102653871][bookmark: _Toc102662139][bookmark: _Toc102664723][bookmark: _Toc102665473]Figure 4.16 Level 3 Sub-function Tree

4.1.5 [bookmark: _Toc102662397][bookmark: _Toc102664981][bookmark: _Toc102665731]Morphology Table
The process in this section started after finalizing all the functions and sub-functions levels. 20 minutes were spent during a group meeting discussing the overall work of the morphology table. This section gave the group members another chance to reassess their own functions and sub-functions before filling the morphology table. The overall functions in Figure 4.16 was used in table 4.1 below. Each group member assisted in filling part of the sub-function’s levels 1, 2 and 3 created previously. All the left side of the table was filled as requested and the right side of the red line was left blank for the concepts.


4.2 [bookmark: _Toc102662398][bookmark: _Toc102664982][bookmark: _Toc102665732]Concept Generation
Using the morphology table created in status report 6 for Level 1, Level 2, Level 3 and any additional level sub-functions, group members were assigned to generate concepts by filling the right side of Table 1 with names of the group members assigned to provide concepts for the functions as shown in Table 4.2. Each member generates concepts, with multiple members assigned to generate multiple concepts for each function as shown in Table 4.2. With this approach, several ideas or concepts for each function can be generated. Once the table was populated, it was distributed to the members in the group to fill out. 
	
	
	




[bookmark: _Toc102655356][bookmark: _Toc102662061][bookmark: _Toc102664645][bookmark: _Toc102665395]Table 4.1 Morphology (Functional Decomposition and Concepts) Table
	Overall Function
	Level 1 Sub-function
	Level 2 Sub-function
	Level 3 Sub-function
	Concept 1
	Concept 2
	Concept 3

	
	
	
	
	Description
	Sketch
	Description
	Sketch
	Description
	Sketch

	To hold the ceramic board in place and pull the ink through its pores while illuminating the pores to verify the results of the ink application.

	Generate a vacuum

	Pull a uniform vacuum
	Maintain vacuum at all sections of table
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Hold ceramic in place
	Reduce contact with part

	
	
	
	
	
	

	
	
	
	Reduce shifting/movement of part

	
	
	
	
	
	

	
	
	Suck ink through pores
	Ensure no voids in pores

	
	
	
	
	
	

	
	
	
	Reduce passes by operator
	
	
	
	
	
	

	
	Illuminate ceramic through backlighting source

	Check for ink application
	
	
	
	
	
	

	
	
	Reduce technician handling

	
	
	
	
	
	

	
	
	Illuminate a light through pores
	
	
	
	
	
	

	
	Designed to be lightweight and portable

	Light enough for one person to move
	Able to be carried easily
	
	
	
	
	
	

	
	
	
	Limited size/weight

	
	
	
	
	
	

	
	
	Small enough to fit on workers’ desks

	
	
	
	
	
	

	
	
	Able to be stacked
	Support multiple units weight
	
	
	
	
	
	

	
	
	
	Shaped appropriately

	
	
	
	
	
	

	
	Able to be cleaned

	Reduce one use consumables 
	
	
	
	
	
	

	
	
	Resistant to chemical solutions

	
	
	
	
	
	

	
	
	Can be disassembled

	
	
	
	
	
	

	
	Distribute power to both backlight and vacuum
	Use 110-volt outlet

	
	
	
	
	
	

	
	
	Provide power to each item 

	
	
	
	
	
	


Table 4.2 is the populated Morphology table, designating which members were tasked with which functions.

[bookmark: _Toc102655357][bookmark: _Toc102662062][bookmark: _Toc102664646][bookmark: _Toc102665396]Table 4.2 Individual Assignment for Concept Generation
	Overall Function
	Level 1 Sub-function
	Level 2 Sub-function
	Level 3 Sub-function
	Name
	Name
	Name

	To hold the ceramic board in place and pull the ink through its pores while illuminating the pores to verify the results of the ink application.

	Generate a vacuum

	Pull a uniform vacuum
	Gerardo
	Ifeanyi
	Caleb

	
	
	Hold ceramic in place
	Reduce contact with part

	Thomas
	Ihab
	Alvin

	
	
	
	Reduce shifting/movement of part

	Gerardo
	Ifeanyi
	Caleb

	
	
	Suck ink through pores
	Ensure no voids in pores

	Thomas
	Ihab
	Alvin

	
	
	
	Reduce number of passes performed by workers
	Gerardo 
	Ifeanyi
	Caleb

	
	Illuminate ceramic through backlighting source

	Verifies the efficiency of the ink application and vacuum
	Thomas
	Ihab
	Alvin

	
	
	Reduce handling from technicians

	Gerardo
	Ifeanyi
	Caleb

	
	
	Illumination bright enough to see pores after inking process
	Thomas
	Ihab
	Alvin

	
	Designed to be lightweight and portable

	Light enough for one person to move
	Able to be easily carried

	Gerardo
	Ifeanyi
	Caleb

	
	
	
	Limited size/weight

	Thomas
	Ihab
	Alvin

	
	
	Small enough to fit on workers’ desks

	Gerardo 
	Ifeanyi
	Caleb

	
	
	Able to be stacked
	Able to support the weight of multiple units
	Thomas
	Ihab
	Alvin

	
	
	
	Shaped appropriately

	Gerardo
	Ifeanyi
	Caleb

	
	Able to be cleaned

	Reduce one use consumables 
	Thomas
	Ihab
	Alvin

	
	
	Resistant to chemical solutions

	Gerardo
	Ifeanyi
	Caleb

	
	
	Can be disassembled

	Thomas
	Ihab
	Alvin

	
	Distribute power to both backlight and vacuum
	Use a single 110-volt outlet for power

	Gerardo
	Ifeanyi
	Caleb

	
	
	Provide power to each item individually

	Thomas
	Ihab
	Alvin




This table shows all of the figures, with a short description, which were gathered during the concept generation.  All the details for each figure are presented in Table 4.3.

[bookmark: _Toc102655358][bookmark: _Toc102662063][bookmark: _Toc102664647][bookmark: _Toc102665397]Table 4.3 Sample Example Morphology (Functional Decomposition and Concept) Table
	Overall Function
	Level 1 Sub-function
	Level 2 Sub-function
	Level 3 Sub-function
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8
	Concept 9

	
	
	
	
	Description
	Sketch
	Description
	Sketch
	Description
	Sketch
	Description 
	Sketch
	Description
	Sketch
	Description
	Sketch
	Description
	Sketch
	Description
	Sketch
	Description
	Sketch

	To hold the ceramic board in place and pull the ink through its pores while illuminating the pores to verify the results of the ink application.

	Generate a vacuum

	Pull a uniform vacuum
	Vacuum Nozzle with Attached Railing
	Figure
4.6 a
	Square Vacuum Nozzle
	Figure
4.6 b
	Nozzle Variations
	Figure
4.6 c
	Bell Shaped Curve
	Figure
4.6 d
	Pyramidal Shaped Cone
	Figure
4.6 e
	Cylindrical Shaped Cone
	Figure
4.6 f
	Liquid Ring Vacuum Pump
	Figure
4.6 g
	Linear Free Piston Pump
	Figure
4.6 h
	Venturi Vacuum Pump
	Figure
4.6 I

	
	
	Hold ceramic in place
	Reduce contact with part

	Table Clamps
	Figure
4.7 a
	Pliers
	Figure
4.7 b
	Automatic Squeegee
	Figure
4.7 c
	Proper Fitting Clothes
	Figure
4.7 d
	Tabbing
	Figure
4.7 e
	Standard Vacuum Table
	Figure
4.7 f
	Thin Vacuum Table Design
	Figure
4.7 g
	
	
	
	

	
	
	
	Reduce shifting/movement of part

	Table Clamps
	Figure
4.8 a
	Corner Connected Brackets
	Figure
4.8 b
	Tile Tray
	Figure
4.8 c
	Lasered
Groove
	Figure
4.8 d
	Straps
	Figure
4.8 e
	Uniform Suction
	Figure
4.8 f
	Ceramic Board sized Vacuum Section
	Figure
4.8 g
	Bleeder Board
	Figure
4.8 h
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Suck ink through pores
	Ensure no voids in pores

	Thin Vacuum Table Design
	Figure
4.9 a
	Vacuum Pump
	Figure
4.9 b
	Mechanical Lifting System
	Figure
4.9 c
	[bookmark: _Int_esjQfryB]Increased amount of holes in top
	Figure
4.9 d
	Lighting System
	Figure
4.9 e
	Porous material for even Vacuum
	Figure
4.9 f
	
	
	
	
	
	

	
	
	
	Reduce number of passes performed by workers
	Rolling Squeegee
	Figure
4.10 a
	Basic Squeegee
	Figure
4.10 b
	Crossbar Squeegee
	Figure
4.10 c
	Uniform Suction
	Figure
4.10 d
	Larger Squeegee
	Figure
4.10 e
	Viscous Applicator
	Figure
4.10 f
	Adjustable Vacuum Source
	Figure
4.10 g
	Channeled Vacuum Top
	Figure
4.10 h
	Flat Vacuum Top with Holes
	Figure
4.10 I

	
	Illuminate ceramic through backlighting source

	Verifies the efficiency of the ink application and vacuum
	Flexible LED Boards
	Figure
4.11 a
	Proximity Sensor
	Figure
4.11 b
	Perforated Plastic Sheet
	Figure
4.11 c
	Suction Regulator Valve
	Figure
4.11 d
	Fiber Optic Light Source
	Figure
4.11 e
	LED Chips
	Figure
4.11 f
	
	
	
	
	
	

	
	
	Reduce handling from technicians

	Ergonomic Reclined Table
	Figure
4.12 a
	Basic Vacuum Table
	Figure
4.12 b
	Material Data
	Figure
4.12 c
	Light Bar
	Figure
4.12 d
	Light Disk
	Figure
4.12 e
	Moveable Top Plate
	Figure
4.12 f
	Tray for Ceramic
	Figure
4.12 g
	Overhead Light
	Figure
4.12 h
	
	

	
	
	Illumination bright enough to see pores after inking process
	LED Chips
	Figure
4.13 a
	Tile Sized lighting Source
	Figure
4.13 b
	Adjustable Brightness of Lighting Source
	Figure
4.13 c
	Monochromatic Light Source
	Figure
4.13 d
	Portable LED boxes
	Figure
4.13 e
	
	
	
	
	
	
	
	

	
	Designed to be lightweight and portable

	Light enough for one person to move
	Able to be easily carried

	Stainless Steel Handles
	Figure
4.14 a
	Plastic Handles
	Figure
4.14 b
	Fabric Strap Handles
	Figure
4.14 c
	Cart System
	Figure
4.14 d
	Ridged Handles
Integrated
	Figure
4.14 e
	Foldable Handles
	Figure
4.14 f
	
	
	
	
	
	

	
	
	
	Limited size/weight

	Vacuum Chuck
	Figure
4.15 a
	Potential Materials
	Figure
4.15 b
	Hollow Metal Borders
	Figure
4.15 c
	Compact Components
	Figure
4.15 d
	Pump under Led Tile
	Figure
4.15 e
	Pump offset LED Tile
	Figure
4.15 f
	
	
	
	
	
	

	
	
	Small enough to fit on workers’ desks

	Ceramic Board Sized Table
	Figure
4.16 a
	Triangular Shaped
	Figure
4.16 b
	External Pump System
	Figure
4.16 c
	Small Integrated Pump
	Figure
4.16 d
	Venturi Pump System
	Figure
4.16 e
	Parabolic Shaped
	Figure
4.16 f
	Pyramidal Shaped
	Figure
4.16 g
	Pentagonal Shaped
	Figure
4.16 h
	
	

	
	
	Able to be stacked
	Able to support the weight of multiple units
	Small Component Design
	Figure
4.17 a
	Material of High Tensile Strength
	Figure
4.17 b
	Shelving System
	Figure
4.17 c
	Table Stand
	Figure
4.17 d
	
	
	
	
	
	
	
	
	
	

	
	
	
	Shaped appropriately

	2-Piece Design
	Figure
4.18 a
	Box Design
	Figure
4.18 b
	Pressing Machine Design
	Figure
4.18 c
	Slim Design
	Figure
4.18 d
	Parabolic Shaped
	Figure
4.18 e
	Pyramidal Shaped
	Figure
4.18 f
	Pentagonal Shaped
	Figure
4.18 g
	
	
	
	

	
	Able to be cleaned

	Reduce one use consumables 
	Easily Cleaned Components
	Figure
4.19 a
	Removable Top
	Figure
4.19 b
	Usability Testing
	Figure
4.19 c
	Longer Shelf-Life Components
	Figure
4.19 d
	Bamboo Towel Bleeder Cloth
	Figure
4.19 e
	Cheese Cloth Bleeder Cloth
	Figure
4.19 f
	
	
	
	
	
	

	
	
	Resistant to chemical solutions

	Powder Coat
	Figure
4.20 a
	Plastic Coat
	Figure
4.20 b
	Paint Coat
	Figure
4.20 c
	HDPE Top Panel
	Figure
4.20 d
	Acrylic Top
	Figure
4.20 e
	Aluminum
	Figure
4.20 f
	Chemically Resistant Coating
	Figure
4.20 g
	
	
	
	

	
	
	Can be disassembled

	Multiple Part Design
	Figure
4.21 a
	Disassemble able Squeegee System
	Figure
4.21 b
	Joint Types for Design
	Figure
4.21 c
	Removable Acrylic Insert
	Figure
4.21 d
	Removable Aluminum Insert
	Figure
4.21 e
	Removable Ceramic Insert
	Figure
4.21 f
	
	
	
	
	
	

	
	Distribute power to both backlight and vacuum
	Use a single 110-volt outlet for power

	Prong Types
	Figure
4.22 a
	Outlet Types
	Figure
4.22 b
	Battery Powered
	Figure
4.22 c
	Adapter
	Figure
4.22 d
	Position Adjusted Vacuum Table
	Figure
4.22 e
	Single Plug for Vacuum and Backlight
	Figure
4.22 f
	Two Plugs for Vacuum and Backlight
	Figure
4.22 g
	Separate Vacuum Pump, Single Outlet for Backlight
	Figure
4.22 h
	
	

	
	
	Provide power to each item individually


	Triplite Power Switch
	Figure
4.23 a
	Circuit Breaker
	Figure
4.23 b
	Tabletop Power Switch
	Figure
4.23 c
	Individually Powered Components
	Figure
4.23 d
	On/Off Switch
	Figure
4.23 e
	Distribution Block
	Figure
4.23 f
	
	
	
	
	
	


	
	
	




4.2.1 Pull a Uniform Vacuum

The uniform vacuum is a necessary application to the product. Ball Aerospace needs a sufficient uniform vacuum to pull the conductive paste through the pores of the ceramic tile. It has been discussed before using other methods to have the paste go through the tile. However, just reducing the viscosity of the paste had not been successful and the use of a vacuum pump greatly increased the rate at which the paste is pulled through increasing production efficiency. The coating process is essential in the production process of ceramic tiles. We have yet to know what thinning material is being used to reduce the viscosity of the conductive paste so we cannot make an effective comparison without knowing what to use. What we do know is the result, it has been stated by our Industrial advisor that even using the thinning agent they were left with a material that is comparable to peanut butter in terms of viscosity. While it may seem easy to coat but it is not viable to effectively push it through such a small opening. Different manufacturing processes will vary when compared to our customer so we cannot fully disclose any proprietary information. What we can say is that the back-lit vacuum table is a benefit in the overall production method.
Pull a uniform vacuum: The ability to pull a uniform vacuum is integral to the effectiveness of the product. The primary purpose for this sub-function is to pull paste through the holes on the ceramic board. This paste would act and a conductive material and allow several steps of the process to be done in one main step. If the vacuum can produce uniform pressure along the surface of the ceramic board, there would hypothetically be a more uniform spread of paste throughout the holes. Boards that do not maintain an equal distribution of paste within them fail and cost the company money. Without a uniform vacuum the length of the process shortens the productivity of the company. Ball Aerospace being a government contractor, they need to be able to provide an exuberant number of products without any holds in production. 



















Figure 4.17 Vacuum Nozzle with Attached Railing System: Is the design intended to generate uniform vacuum by having a vacuum nozzle that can concentrate the suction as it moves on a rail system to maintain control as it moves row by row. 
[image: ][bookmark: _Toc97503408][bookmark: _Toc97922041][bookmark: _Toc97923012][bookmark: _Toc102412236][bookmark: _Toc102653872][bookmark: _Toc102662140][bookmark: _Toc102664724][bookmark: _Toc102665474]Figure 4.17 Vacuum Nozzle with Attached Railing System


[image: ]Figure 4.18 Square Vacuum Nozzle: Shows a larger nozzle that can cover the entire area of the ceramic tile that can pull uniform vacuum suction through the pores. The nozzle would be semi-sealed (this means it has a rubber coating around the edge of the nozzle that can be removed for cleaning) around the perimeter of the tile.[bookmark: _Toc97503409][bookmark: _Toc97922042][bookmark: _Toc97923013][bookmark: _Toc102412237][bookmark: _Toc102653873][bookmark: _Toc102662141][bookmark: _Toc102664725][bookmark: _Toc102665475]Figure 4.18 Square Vacuum Nozzle


[image: ]Figure 4.19 Nozzle Variations: shows another potential design but also hosts its own pros and cons in terms of design with a circular nozzle it can cover a larger area but its less precise, while the square nozzle is more accurate, and has more consistent vacuum pull but less area is covered increasing risk of deformation with repeated passes underneath the ceramic tile.[bookmark: _Toc97503410][bookmark: _Toc97922043][bookmark: _Toc97923014][bookmark: _Toc102412238][bookmark: _Toc102653874][bookmark: _Toc102662142][bookmark: _Toc102664726][bookmark: _Toc102665476]Figure 4.19 Nozzle Variations


[image: ]Figure 4.20 Bell Shaped Curve: The shape and size of the aperture directly affects the flow of air. As a bell shape is smother it could potentially restrict airflow less.[bookmark: _Toc97503411][bookmark: _Toc97922044][bookmark: _Toc97923015][bookmark: _Toc102412239][bookmark: _Toc102653875][bookmark: _Toc102662143][bookmark: _Toc102664727][bookmark: _Toc102665477]Figure 4.20 Bell Shaped Curve


[image: ]Figure 4.21 Pyramidal Shaped Cone: The basic shape of this cone does allow for even distribution pressure but may also reduce costs.[bookmark: _Toc97503412][bookmark: _Toc97922045][bookmark: _Toc97923016][bookmark: _Toc102412240][bookmark: _Toc102653876][bookmark: _Toc102662144][bookmark: _Toc102664728][bookmark: _Toc102665478]Figure 4.21 Pyramidal Shaped Cone


[image: ]Figure 4.22 Cylindrical Shaped Cone: A classic cone is simple to produce, while still allowing the free flow of air.[bookmark: _Toc97503413][bookmark: _Toc97922046][bookmark: _Toc97923017][bookmark: _Toc102412241][bookmark: _Toc102653877][bookmark: _Toc102662145][bookmark: _Toc102664729][bookmark: _Toc102665479]Figure 4.22 Cylindrical Shaped Cone


[image: ]Figure 4.23 depicts the design of a liquid ring vacuum pump that can be placed in a stationary location and connected with hose to the table whenever it needs to be used. While these pumps are usually larger, they can generate the required vacuum needed for the design of the table. But it could not be used if the design of an integrated pump is chosen, thus vacuum hose attachments will be used to connect to the table.[bookmark: _Toc97503414][bookmark: _Toc97922047][bookmark: _Toc97923018][bookmark: _Toc102412242][bookmark: _Toc102653878][bookmark: _Toc102662146][bookmark: _Toc102664730][bookmark: _Toc102665480]Figure 4.23 Liquid ring pump [7]


[image: ]Figure 4.24 is the design of a linear free piston pump; this motor can be small enough to be attached to the table as part of the design. This pump is compact enough to be used with a table with an integrated vacuum pump.[bookmark: _Toc97503415][bookmark: _Toc97922048][bookmark: _Toc97923019][bookmark: _Toc102412243][bookmark: _Toc102653879][bookmark: _Toc102662147][bookmark: _Toc102664731][bookmark: _Toc102665481]Figure 4.24 Linear free piston pump [8]



[image: ]Figure 4.25 illustrates a venture vacuum pump; this pump allows for the use of an air compressor to be used in order to pull a vacuum. This pump will allow a slim table design to be used with an external air compressor to mitigate the weight of the table as well.[bookmark: _Toc97503416][bookmark: _Toc97922049][bookmark: _Toc97923020][bookmark: _Toc102412244][bookmark: _Toc102653880][bookmark: _Toc102662148][bookmark: _Toc102664732][bookmark: _Toc102665482]Figure 4.25 Venture vacuum pump [9]



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]4.2.2 Reduce contact with part

The concept for this project seems like a quick and simple solution which could and should be easily attainable.  Ball Aerospace has requested a small vacuum table which can hold a malleable material in place, while providing a lighting source behind the part to verify completion of a conductive ink application.   However, through the journey of learning the engineering process, obstacles have presented themselves.  There are a few major needs of this engineering solution which could be achieved by solutions already on the market.  Holding the sheet in place and using vacuum to pull conductive ink through the ceramic tape can be achieved by a ceramic topped vacuum chuck.  To meet the needs of the customer, the device needs to provide a light source behind the vacuum surface.  This has been by far the biggest challenge faced in providing a viable engineering solution.  In addition to the thin ceramic sheet being the consistency of bubble gum, it also has approximately 1000 tiny holes drilled into it.  Ensuring the working surface, for the ceramic sheet, can provide the appropriate amount of support while also providing an appropriate amount of vacuum to hold it in place and allowing enough light through for validation are the top priorities.  Please see the following concepts which can satisfy individual needs, which have helped guide the direction for a complete solution.
The first task was to locate options which could perform the base function of holding the part in place. With the first objective, a clamp would be a most obvious solution for this.  There are plenty of types of clamps which could hold this part in place.  Please see figure 4.26 for a reference of 6 examples of table mounted clamps which could hold a part in place. 

[image: ]Figure 4.26 shows mountable table clamps used to increase stability without having to increase contact with part [37][bookmark: _Toc97503417][bookmark: _Toc97922050][bookmark: _Toc97923021][bookmark: _Toc102412245][bookmark: _Toc102653881][bookmark: _Toc102662149][bookmark: _Toc102664733][bookmark: _Toc102665483]Figure 4.26 Mountable table clamps [10]


[image: ][bookmark: _Toc97503418][bookmark: _Toc97922051][bookmark: _Toc97923022][bookmark: _Toc102412246][bookmark: _Toc102653882][bookmark: _Toc102662150][bookmark: _Toc102664734][bookmark: _Toc102665484]Figure 4.27 Pliers [11]

Figure 4.27 represents pliers that can be used to hold and move the tile around with having to hold the contact before and after application of conductive paste.

[image: ]Figure 4.28 represents an automatic squeegee system that can reduce the manual labor required by technicians to apply and remove the conductive ink.[bookmark: _Toc97503419][bookmark: _Toc97922052][bookmark: _Toc97923023][bookmark: _Toc102412247][bookmark: _Toc102653883][bookmark: _Toc102662151][bookmark: _Toc102664735][bookmark: _Toc102665485]Figure 4.28 Squeegee system [12]


Figure 4.29 it is very encouraging to use proper fit clothing at the workplace like the white suit shown in the figure while working with the apparatus. Loose clothes, long cuffs can increase the possibility of contacting the material and parts of the apparatus. Contact can be reduced by using the enhanced PPE.

[image: ]
[bookmark: _Toc102412248][bookmark: _Toc102653884][bookmark: _Toc102662152][bookmark: _Toc102664736][bookmark: _Toc102665486]Figure 4.29 Proper clothing fit [13]

Figure 4.30 Tabbing Shows the distance between the corners and the circuit board due to tabbing. Tabbing is usually performed to remove the air. This keeps an adequate distance between the circuit board and edges, and it ensures proper stability and avoids contact with other materials. Beside the distance between the board and the edges, trapped air can cause the circuit board to slide. Proper tabbing can reduce, if not eliminate the air gaps and stop the sliding.
[image: A picture containing text, whiteboard

Description automatically generated]
[bookmark: _Toc102412249][bookmark: _Toc102653885][bookmark: _Toc102662153][bookmark: _Toc102664737][bookmark: _Toc102665487]Figure 4.30 Tabbing 


Figure 4.31 a much more viable option would be a vacuum table.  A vacuum table uses a pressure differential to create a clamping action on a part.  This requires no physical contact with the part other than the working surface which it will work on.  The first type of table which came to mind is a down draft table.  See figure 4.31 for reference.  Unfortunately, a table like this has too many large diameter holes in it.  This creates too much opportunity for the ceramic sheet to pull through the table and cause damage. [38]
[image: ]
[bookmark: _Toc102412250][bookmark: _Toc102653886][bookmark: _Toc102662154][bookmark: _Toc102664738][bookmark: _Toc102665488]Figure 4.31 Full sized vacuum table [14]


Figure 4.32 a much smaller vacuum table made for thin foil/paper application is a much better option for this design.  It has a flat working surface with very small diameter holes drilled into it. It can hold the part in place, providing ample support for the application of the conductive paste.  Most of these smaller vacuum tables would be perfect to hold this type of part in place. [43]


[image: ][bookmark: _Toc97503423][bookmark: _Toc97922056][bookmark: _Toc97923027][bookmark: _Toc102412251][bookmark: _Toc102653887][bookmark: _Toc102662155][bookmark: _Toc102664739][bookmark: _Toc102665489]Figure 4.32 Lightweight Vacuum table [15]


4.2.3 Reduce shifting/movement of part

The reason this is a function is that the technicians need balanced support from the tool to minimize the risk of deformity on the ceramic tile. The ceramic tile during this process has not been heat-treated and is therefore malleable. With a stable support structure from the product, it can potentially increase the quality of the ceramic tile reducing uneven surfaces and proper coating of said tile. The overall structure of the product is important. It should minimize instability by having a solid frame and a weighty base, not too much to exceed weight constraints. We have also discussed adding a possible clamping tool to hold the table in place. We have discussed an open slit/tray where it can hold the tile while still allowing a light to pierce the back and have a vacuum pull along the axis of the tile to have uniform pull. 
The current way that Ball Aerospace produces fully finished ceramic boards requires a lot of lateral movement. With lateral movement there is a greater possibility for drops, shifts and unnecessary movement. Those things could cause the failure of the part as a whole and cost the company a great deal of money in the process if the issue is allowed to continue. Being stationary while the board is on the vacuum table would allow a uniform distribution of paste and create a value part more efficiently. 

[image: ]Figure 4.33 Table Clamps: This figure shows the increase of the stability of the table by adding clamps that can be attached at the edge of the table  [bookmark: _Toc97503424][bookmark: _Toc97922057][bookmark: _Toc97923028][bookmark: _Toc102412252][bookmark: _Toc102653888][bookmark: _Toc102662156][bookmark: _Toc102664740][bookmark: _Toc102665490]Figure 4.33 Table Clamps


Figure 4.34 Tile Tray: In this figure, it shows an open slit design where the tile can slide in and out on a tray for better stability. The tray will reduce interaction between the tile and the technicians with less chance of damaging the tile.
[image: ][bookmark: _Toc97503425][bookmark: _Toc97922058][bookmark: _Toc97923029][bookmark: _Toc102412253][bookmark: _Toc102653889][bookmark: _Toc102662157][bookmark: _Toc102664741][bookmark: _Toc102665491]Figure 4.34 Tile Tray






Figure 4.35 Corner Connector Bracket: Displays a similar design as figure (a), but it is being held by both the vacuum suction and it is resting on an L-shaped bracket that can hold the tile around the corner(s) of the tile to keep it from moving.

  

[image: ][bookmark: _Toc97503426][bookmark: _Toc97922059][bookmark: _Toc97923030][bookmark: _Toc102412254][bookmark: _Toc102653890][bookmark: _Toc102662158][bookmark: _Toc102664742][bookmark: _Toc102665492]Figure 4.35 Corner Connector Bracket


Figure 4.36 Lasered Grove- Allows the board to rest in a grove that can cause lateral stability naturally while increasing section per unit area.
[image: ]
[bookmark: _Toc102412255][bookmark: _Toc102653891][bookmark: _Toc102662159][bookmark: _Toc102664743][bookmark: _Toc102665493]Figure 4.36 Lasered Grove

Figure 4.37 Straps – basic cost-effective application of force along the area of the board while suction is being made.
[image: ]
[bookmark: _Toc102412256][bookmark: _Toc102653892][bookmark: _Toc102662160][bookmark: _Toc102664744][bookmark: _Toc102665494]Figure 4.37 Straps


Figure 4.38 Uniform suction – The suction itself could potentially cause the part to hold fast in place and reduce lateral movement. 

[image: ]
[bookmark: _Toc102412257][bookmark: _Toc102653893][bookmark: _Toc102662161][bookmark: _Toc102664745][bookmark: _Toc102665495]Figure 4.38 Uniform suction


Figure 4.39 depicts a vacuum table with the vacuum section being the exact dimensions of the ceramic sheet, 8x8 inch section. This design will allow the exact size of the ceramic board to be under a vacuum causing a reduction if the movement of the piece.

[image: ]
[bookmark: _Toc102412258][bookmark: _Toc102653894][bookmark: _Toc102662162][bookmark: _Toc102664746][bookmark: _Toc102665496]Figure 4.39 Vacuum table [16]

Figure 4.40 is the design of a vacuum table with an indented section for the ceramic tile to be placed into that is the exact dimension of the ceramic board. The indented section will be the exact size of the ceramic board keeping the board in place whether the vacuum pump is on or not.
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[bookmark: _Toc102412259][bookmark: _Toc102653895][bookmark: _Toc102662163][bookmark: _Toc102664747][bookmark: _Toc102665497]Figure 4.40 Vacuum table with an indented section for the ceramic tile [17]

Figure 4.41 illustrates a vacuum table that uses some sort of bleeder board/cloth, in-between the table and the ceramic tile. This bleeder board keeps the ceramic from being deformed but the vacuum while also keeps it from sliding around the table.
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[bookmark: _Toc102412260][bookmark: _Toc102653896][bookmark: _Toc102662164][bookmark: _Toc102664748][bookmark: _Toc102665498]Figure 4.41 Bleeder Board/Cloth [18]


4.2.4 Ensure no voids in pores

To ensure there are no voids in the pores using the feedback given to us by our Industrial advisor we were told how they managed to clean the tiles before. There system included a vacuum pump which would pull excess material that was stuck in the pores of the tile and have it pulled all the way through. Doing so would completely coat the pore and establish proper channels for current to pass through the tile.
Another essential function of the engineering solution is using the vacuum to pull a conductive paste through the ceramic sheet.  As spoken to in the previous section, a thin foil vacuum table could be a viable option.  While providing an appropriate amount of support and vacuum to hold the part in place, it could assist in pulling the ink through the sheet.    
Eliminating the voids in pores will require more power. Once the conducting paste is applied, a vacuum pump will be needed to complete the process. A vacuum pump will need extra power to deal with leaks and other work around like breaking loose parts.  

Figure 4.42 shows a thin foil vacuum table, it has a flat working surface with small diameter holes drilled into it.  It can hold the part in place, providing ample support for the application of the conductive paste. [43]
[image: ][bookmark: _Toc97503433][bookmark: _Toc97922066][bookmark: _Toc97923037][bookmark: _Toc102412261][bookmark: _Toc102653897][bookmark: _Toc102662165][bookmark: _Toc102664749][bookmark: _Toc102665499]Figure 4.42 Thin Foil Vacuum Table [15]



Figure 4.43 represents a Vacuum pump. A separate vacuum pump can expedite the cleaning process attached to a vacuum nozzle. The machine can suck out the excess material that is stuck inside the pores
[image: ][bookmark: _Toc97503434][bookmark: _Toc97922067][bookmark: _Toc97923038][bookmark: _Toc102412262][bookmark: _Toc102653898][bookmark: _Toc102662166][bookmark: _Toc102664750][bookmark: _Toc102665500]Figure 4.43 Vacuum Pump [8]



Figure 4.44 represents a mechanical lifting system that utilizes a gear rack can lift or slide the ceramic sheets in position to be observed. This can be used to determine whether the part needs a second coat of thermal conductive paste.
[image: ][bookmark: _Toc97503435][bookmark: _Toc97922068][bookmark: _Toc97923039][bookmark: _Toc102412263][bookmark: _Toc102653899][bookmark: _Toc102662167][bookmark: _Toc102664751][bookmark: _Toc102665501]Figure 4.44 Mechanical Lifting System [19]




Figure 4.45 the left side shows more than twice as many holes as a standard plate compared to the plate at the right side, thus allowing better suction. Also, metallic paste can be applied to reduce the voids in pores. Appropriate amount of vacuum is also necessary to avoid this issue.

[image: 5 Tips for Holding Small Parts on a Vacuum Table]
[bookmark: _Toc102412264][bookmark: _Toc102653900][bookmark: _Toc102662168][bookmark: _Toc102664752][bookmark: _Toc102665502]Figure 4.45 Greater number of holes [20]

Figure 4.46 represents that by lighting the system below the ceramic sheet can help the technicians see voids clearly. This feature greatly reduces the number of voids in the pores.
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[bookmark: _Toc102412265][bookmark: _Toc102653901][bookmark: _Toc102662169][bookmark: _Toc102664753][bookmark: _Toc102665503]Figure 4.46 Lighting the system [21]
Figure 4.47 if the light coming out through the pores can be detected by the technician eye, it means there are no voids. Voids usually block the light where technicians can identify those spots and work on them.
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Figure 4.47 Llight visible through pores


Figure 4.48 to provide an even vacuum over the entire part, ensuring the ink is pulled through all the holes a material like ceramic could be used.  A porous ceramic would be the ideal option, providing that even distribution of natural pores in the material can provide an even suction with so many holes drilled in the ceramic sheet. [40]

[image: ][bookmark: _Toc97503439][bookmark: _Toc97922072][bookmark: _Toc97923043][bookmark: _Toc102412267][bookmark: _Toc102653903][bookmark: _Toc102662171][bookmark: _Toc102664755][bookmark: _Toc102665505]Figure 4.48 Even vacuum over part [22]


4.2.5 Reduce the number of passes performed by workers

This function came from the problem of the technicians needing to repeatedly pass over the ceramic tile with a squeegee tool. The tool is used to scrape across the surface of the tile while coating it in the conductive paste, pushing it through the thousands of pores that are there. With an improved cleaning system, the technicians can shorten the amount of time needed to clean and can lessen any indentation made by the squeegee. The squeegee used before was a small 1-inch tool, the reason for it was because the technicians had difficulty applying the paste through the holes evenly. From further research a rolling tool could potentially apply even pressure across the tile. As it is coated in paste it will roll across the tile pushing the paste through the holes without deforming the ceramic tile. The roller would be a solid material like rubber and to not worry about deformation we can place the tile in a mold tray to maintain its shape and prevent the tile from moving.   

 The primary job of the technicians is to squeegee the surface of the board, pushing paste into the small holes on the surface into their desired position and density. Ball Aerospace has requested that we find a way to limit the amount of tactile input that the technicians have on board. This would mitigate the possibility of a part being damaged. There could potentially be other problems that arise from these tactics, but that will need to be discussed in detail later in the process. 


Figure 4.49 shows a rolling squeegee: A rolling squeegee can help to apply conductive ink on top of the ceramic board. Shows an innovative design that could help increase productivity. With a roller design, we can reduce the risk of deformation of the tile while not having to sacrifice uniform pressure across the surface of the tile.
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Figure 4.50 Basic Squeegee: shows a standard squeegee designed like that of a flat blade to keep a straight edge as it glides across the surface of the tile applying a coating of conductive paste throughout the tile ass it is pushed through the pores of the tile.
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[bookmark: _Toc102412269][bookmark: _Toc102653905][bookmark: _Toc102662173][bookmark: _Toc102664757][bookmark: _Toc102665507]Figure 4.50 Basic Squeegee
Figure 4.51 Crossbar Squeegee: It has a similar design but with a better grip to hold the squeegee to apply even pressure as it moves across the tile. With an added rubber edge, rounded as to not damage the tile. This design incorporates a similar mechanic as a paint roller with crossbar to distribute even pressure along the tile.
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Figure 4.52 Uniform Suction – Increased suction could cause the paste to be applied to be drawn through the holes of the board without the need to apply a squeegee.
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[bookmark: _Toc102412271][bookmark: _Toc102653907][bookmark: _Toc102662175][bookmark: _Toc102664759][bookmark: _Toc102665509]Figure 4.52 Uniform Suction
Figure 4.53 Larger Squeegee – Using a larger squeegee with adequate pressure along its ends could potentially reduce the number of passes.
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[bookmark: _Toc102412272][bookmark: _Toc102653908][bookmark: _Toc102662176][bookmark: _Toc102664760][bookmark: _Toc102665510]Figure 4.53 Larger Squeegee

Figure 4.54 More viscous applicator – Increasing the viscosity of the paste could allow the holes within the board to be filled with greater ease.
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[bookmark: _Toc102412273][bookmark: _Toc102653909][bookmark: _Toc102662177][bookmark: _Toc102664761][bookmark: _Toc102665511]Figure 4.54 More Viscous Applicator





Figure 4.55 depicts an adjustable vacuum source that can be used to regulate the pulling pressure of the vacuum. This will help regulate the pull of the vacuum in case the set pressure isn’t enough to suck the ink into the pores of the ceramic board.
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[bookmark: _Toc102412274][bookmark: _Toc102653910][bookmark: _Toc102662178][bookmark: _Toc102664762][bookmark: _Toc102665512]Figure 4.55 Adjustable Vacuum Source [23]
Figure 4.56 is the design of a vacuum table with a channeled top to help distribute the pull of the vacuum. The hole in the middle will be the main area the vacuum is being pulled with the pressure of the vacuum being distributed throughout the channels of the board allowing for a proper vacuum to be achieved so workers don’t have to squeegee paste as many times.
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[bookmark: _Toc102412275][bookmark: _Toc102653911][bookmark: _Toc102662179][bookmark: _Toc102664763][bookmark: _Toc102665513]Figure 4.56 Vacuum table with a channeled top [24]

Figure 4.57 illustrates a vacuum table with evenly distributed holes along its surface. The holes will be where the vacuum is being pulled, because of this not all holes in the ceramic may be under vacuum making this design not very effective.
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[bookmark: _Toc102412276][bookmark: _Toc102653912][bookmark: _Toc102662180][bookmark: _Toc102664764][bookmark: _Toc102665514]Figure 4.57 Vacuum table with evenly distributed holes along its surface [25]


4.2.6 Verifies the efficiency of the ink application and vacuum

By the cleaning process the technician would be tasked to inspect their work, doing so they would be able to see if any pore were clogged and they could go back and finish the job. However, by having these sub-routines in place and reducing time for inspection by having a back-light system which can illuminate the holes and inspect them thoroughly without having to physically handle the tile. Flexible LED (Light Emitting Diodes) sheets would be a great opportunity as well. With their ability to be customizable, this option trends to the top of the list. Having such a wide array of light sources, this could provide enough angles to eliminate any disruption with so many holes in the ceramic sheet.  With proximity sensors at the bottom of the circuit board will indicate that the conductive paste has been filled in the pores which will ensure the efficiency of ink application. 

Figure 4.58 LED Strips- Led light strips can provide a plethora of light and are very inexpensive.  Manipulating them into a variety of shapes and locations is another great reason these are viable.  In the vacuum cavity, these could line the interior with ease, not just the bottom.
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[bookmark: _Toc102412277][bookmark: _Toc102653913][bookmark: _Toc102662181][bookmark: _Toc102664765][bookmark: _Toc102665515]Figure 4.58 LED Strips [26]

Figure 4.59 Flexible LED board- can used to replicate the same dimensions of the ceramic tile to cover a larger area than LEB strips. This would allow for light per square inch [47]
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[bookmark: _Toc102412278][bookmark: _Toc102653914][bookmark: _Toc102662182][bookmark: _Toc102664766][bookmark: _Toc102665516]Figure 4.59 Flexible LED board [27]
Figure 4.60 Proximity Sensors- sensors can be used as a detection system that verifies whether the tile has been properly coated. Using ultrasonic positioning, induction, or capacitance the sensor could be able to detect if a set of pores have been filled.
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[bookmark: _Toc102412279][bookmark: _Toc102653915][bookmark: _Toc102662183][bookmark: _Toc102664767][bookmark: _Toc102665517]Figure 4.60 Proximity Sensors [28]

Figure 4.61 Represents that vacuum suction can be tested by placing a removable perforated plastic sheet to verify if suction is uniform before working on the part.
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Figure 4.62 Suction regulator value- will fluctuate if the ink is not being applied efficiently through the pores. This indication will ensure quality across the board and maintain consistency among boards produced.
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[bookmark: _Toc102412281][bookmark: _Toc102653917][bookmark: _Toc102662185][bookmark: _Toc102664769][bookmark: _Toc102665519]Figure 4.62 Suction Regulator Value
Figure 4.63 Suction regulator. If there is a suction regulator in place, the vacuum level can be checked, and the efficiency can be improved. 
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Figure 4.64 a fiber optic lighting source can provide a wide use of opportunities and ranges of the lighting used.  Typically, this type of light source can be very adjustable. It can operate in a variety of conditions, including very wet situations.  One of the biggest downsides of this option is that it requires a separate module to provide power and light source. [42]
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[bookmark: _Toc102412283][bookmark: _Toc102653919][bookmark: _Toc102662187][bookmark: _Toc102664771][bookmark: _Toc102665521]Figure 4.64 Fiber Optic Lighting Source [30]

4.2.7 Reduce handling from technicians

From our discussions with our industrial advisor Ms. Decker, we were told that the technicians during the coating process of the ceramic tile were unable to properly see if the conductive paste was going all the way through the pores. In response to that, they lifted the fragile tile into the air, pointed towards the ceiling lights to see if there were any clogged pores. Doing this helped the technicians see what was coated and what was not. However, this increased the chance of damaging the tile and deforming making it unsuitable for use. The integration of a light source coming from underneath the tile will help the technicians and reduce the time in having to handle the tile. From our general discussions, the table itself reduces handling of the tile by added applications of a squeegee tool and LED strips. With these tools incorporated into our design, they reduce the risk of human error. 

One of the primary goals set by Ball Aerospace was to reduce the tactile inputs from their technicians. There are a lot of areas in which the technician may be required to handle the board, but the main one mentioned was when checking to see if the holes in the board are filled. The issue is that if one of the technicians is forced to pick up the board by hand it could deform and damage the part, thus costing the company a significant amount of money if done repeatedly. This is one of the areas that costs the company the most money and reducing the chance of failure is paramount. 

Figure 4.65 Ergonomic Reclined Table: This design focuses on an ergonomic approach while letting the tile rest on the table. It is angled to enhance comfort while working for long duration without straining the technician’s neck.
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[bookmark: _Toc102412284][bookmark: _Toc102653920][bookmark: _Toc102662188][bookmark: _Toc102664772][bookmark: _Toc102665522]Figure 4.65 Ergonomic Reclined Table
Figure 4.66 Basic Table: This figure shows a potential design for the vacuum table with a plain design where it minimizes material and focuses on basic functions. The idea of the table is to incorporate a vacuum pump system to suction off the clogged conductive paste. This will clean the tile from the excess conductive paste while also providing a back light system to illuminate the holes of the tile to increase efficiency of production.
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[bookmark: _Toc102412285][bookmark: _Toc102653921][bookmark: _Toc102662189][bookmark: _Toc102664773][bookmark: _Toc102665523]Figure 4.66 Basic Table

Figure 4.67 Material Data: This image shows materials that would provide a better structure for the table to reduce technicians handling of the fragile tile. The materials in question would be better at cleaning the table while giving ample support structure that is durable for extended use.
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Figure 4.68 Light Bar – having a light bar inside the funnel could potentially shine through the holes in the board if they are not completely filled.
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[bookmark: _Toc102412287][bookmark: _Toc102653923][bookmark: _Toc102662191][bookmark: _Toc102664775][bookmark: _Toc102665525]Figure 4.68 Light Bar

Figure 4.69 Light Disk – A light disk could have the same benefits as the light bar, all while allowing air to flow more uniformly.

[image: ]
[bookmark: _Toc102412288][bookmark: _Toc102653924][bookmark: _Toc102662192][bookmark: _Toc102664776][bookmark: _Toc102665526]Figure 4.69 Light Disk

Figure 4.70 Moveable top plate – having a moveable top plate to set under a ceramic board could reduce the cost of buying a light source and allowing light to pass through.
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[bookmark: _Toc102412289][bookmark: _Toc102653925][bookmark: _Toc102662193][bookmark: _Toc102664777][bookmark: _Toc102665527]Figure 4.70 Moveable Top Plate
Figure 4.71 is the design of LED chips or strips being placed inside of the channels or holes of the vacuum table to illuminate the pores of the ceramic board. The size of the chips must be small to fit inside of the channels to properly illuminate the ceramic board.
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[bookmark: _Toc102412290][bookmark: _Toc102653926][bookmark: _Toc102662194][bookmark: _Toc102664778][bookmark: _Toc102665528]Figure 4.71 LED Chips [31]

Figure 4.72 illustrates a vacuum table with an overhead light that shines from the top of the ceramic board to check how well the pores are filled.
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[bookmark: _Toc102412291][bookmark: _Toc102653927][bookmark: _Toc102662195][bookmark: _Toc102664779][bookmark: _Toc102665529]Figure 4.72 Moveable Overhead Light [32]

4.2.8 Illumination bright enough to see pores after the inking process

Providing enough light is a huge concern. Casting shadows or having an area in which light is not even distributed can cause a large issue. With the pores in the ceramic sheet being so small, it would be easy to miss quite a few if the appropriate amount of light is not provided. Being able to customize the size of the light source is of utmost concern for this design. The ceramic sheet is 8”x8” square. This is not a common size for led displays, however there is a great option of led tiles which can be cut to any size needed
In figure 4.7676 represents that some wavelengths are easier for humans to see, and green is the most visible from a distance. There are receptors in the eye called cones that contain pigments that sense wavelengths which communicate with the brain the colors we see. So, using green color will be easily detected by the technician. Due to radiation in the workplace, and due to the interference of lights, there may be lights of different wavelengths therefore choosing an easily visible monochromatic light source will make it easy for technician to see through the illumination of light.

Figure 4.73 is the depiction of different observable wavelengths that could interfere in the vision of the technicians while working. That is why it is imperative to have a feasible light source that can brightly shine through the back side of the tile while not causing any vision impairment
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[bookmark: _Toc102412292][bookmark: _Toc102653928][bookmark: _Toc102662196][bookmark: _Toc102664780][bookmark: _Toc102665530]Figure 4.73 Wavelength's Vision Interference

Figure 4.74 displays a customizable light source that can be adjusted to the same dimensions of the tile. Having similar dimensions to the tile can reduce the cost of having additional light fixtures.[53]
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[bookmark: _Toc102412293][bookmark: _Toc102653929][bookmark: _Toc102662197][bookmark: _Toc102664781][bookmark: _Toc102665531]Figure 4.74 Customizable LED Light Source [33]


Figure 4.75 implies applying an adjustable control setting for the light source in place. The settings would range from “low” to “high.”
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[bookmark: _Toc102412294][bookmark: _Toc102653930][bookmark: _Toc102662198][bookmark: _Toc102664782][bookmark: _Toc102665532]Figure 4.75 Dimmer Switch  [34]
Figure 4.76 shows that after the inking process a monochromatic light source will exhibit the status of the pores. If the light is not monochromatic the technician may encounter different light colors due to technical issues.
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[bookmark: _Toc102412295][bookmark: _Toc102653931][bookmark: _Toc102662199][bookmark: _Toc102664783][bookmark: _Toc102665533]Figure 4.76 shows that after the inking process a monochromatic light source [35]

Figure 4.77 shows radiation in the workplace and the interference of lights, there may be lights of different wavelengths. Therefore, choosing a detectable monochromatic light source will make it easy for technicians to see through the illumination of light.
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 Figure 4.78 Portable LED boxes like this provide a steady light distribution over the entire surface. [2]
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[bookmark: _Toc102412297][bookmark: _Toc102653933][bookmark: _Toc102662201][bookmark: _Toc102664785][bookmark: _Toc102665535]Figure 4.78 Portable LED Boxes [37]

4.2.9 Ergonomic support for Technicians

When beginning the design process, the initial reaction to anything is how we can make this better. With that in mind, we saw what was being used by the technician team and saw how heavy and clunky their contraption was and how they could barely hold it. We decided to incorporate handles into our design for better handling of the product, it helps in holding the apparatus and when it is time to put it away at the end of the workday. We have made three different iterations: hard or rigid plastic, steel, and fabric straps, each with their own sets of pros and cons. Hard plastic is easy to produce, however, it is not corrosive resistant and easy to break. As opposed to a stainless-steel handle, which has innate corrosion resistance, it is easy to clean but is more expensive. Lastly, with a fabric strap, it is easy to clean, inexpensive, but too flimsy of an option for extended use over time not adding to the fact that fabric is not resistant to chemicals. 

One of the many issues faced at Ball Aerospace is the heft of their current design. Being machined out of a solid piece of Aluminum, the current design has become burdensome to move and use. Under current working conditions, the device is required to be moved from place to place. It is hard to move with the current design. A lighter design would allow technicians easier use and access to the machine. This can provide greater productivity. All proposed renditions are 9x9x11inches, well within the range of the technician’s table 













Figure 4.79 Stainless Steel Handles: This design is durable and strong made up of corrosion resistant material it is easier to clean with cleaning chemicals. 
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Figure 4.80 Plastic Handles: The material is made up of solid plastic for increased durability. The material is cheaper compared to steel however it is also weaker and more prone to breaking. The rigid plastic design is safe middle ground between inexpensive material and effectiveness.
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Figure 4.81 Fabric Strap Handles: This design is versatile, easy to clean, and more economical. The straps can be designed in several ways to make it more durable, but the downside is that it will always be weaker compared to plastic and steel options.
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Figure 4.82 Represents a Cart System. Using a cart could create a greater ease of use than the other two as the technicians would not have to pick the device up at all.
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Thin Plastic Handles Figure 4.83 depicts the use of handles that can be added to the side of the table that protrude out and cannot be folded or moved, ridged handles. 
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[bookmark: _Toc102412302][bookmark: _Toc102653938][bookmark: _Toc102662206][bookmark: _Toc102664790][bookmark: _Toc102665540]Figure 4.83 Depicts the use of handles [38]

Figure 4.84 illustrates external handles used to carry the table that can be folded up or down depending on the design.
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[bookmark: _Toc102412303][bookmark: _Toc102653939][bookmark: _Toc102662207][bookmark: _Toc102664791][bookmark: _Toc102665541]Figure 4.84 External Handles [39]

Figure 4.85 Integrated Steel Handles – having integrated handle could allow the technicians to have a better handle on the device and thus make it easier to move around.
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Figure 4.86 Leather Carrying Strap – Accomplishes all the same things as an integrated handle all while being fashionably hands free in the workplace.
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4.2.10 Limited size/weight

In choosing a material which is light enough to handle by the technician will serve the purpose. We can choose easily from the materials available according to our requirements such as hardness, ductility etc. properties in terms of material, we should have compact components that do not take up too much space. For this purpose, instead of having a few large and heavy components, smaller components with light weight are better. Instead of using standard dimensions for components we can get customized components made of lighter materials such as carbon fiber if it serves the requirements.
Size and shape of a design solution is paramount. The device needs to be transported by one person with a limit of 50 lbs. It also needs to fit on the technician’s desk. Since the ceramic sheet measures 8”x8”, the overall design should be under 18”x18”x6” T. One of the primary concerns for this is the vacuum pump. These tend to be heavy and bulky. A design can integrate the vacuum pump or have a port and the pump is separate. The average pump needed for this application could be about 20-25 lbs. As this takes up half of the design allotment, the best case would be to design a solution in which the pump could be a separate item. However, designing the pump to be integrated into the table is not out of the question. Due to the size of the pump, the height could be drastically reduced if the pump were to slide to one side of the device. This would allow the top to be dropped by several inches while still allowing for the pump to be maintained in “one unit.”   If the vacuum pumped is designated as a separate piece of equipment, the overall design can be reduced in weight and size drastically. A unit could be created, in which an overall size is no more than 12”x12” and two inches thick. All made of lightweight aluminum with one or more inlets for the vacuum lines. A similar design can also be transported by one person ergonomically and without fatigue. Another significant use of this design is its ability to be stackable. The end user has stated they could need up to five of these devices and would prefer that they be stackable in nature to conserve space on the shelf. 



[image: ]Figure 4.87 displays a vacuum chuck, a device similar in concept but made for a different purpose. The chuck is designed with an integrated light panel that works both as a base and light source. [56] 

[bookmark: _Toc102412306][bookmark: _Toc102653942][bookmark: _Toc102662210][bookmark: _Toc102664794][bookmark: _Toc102665544]Figure 4.87 Vacuum Chuck [40]


Figure 4.88 is a display of different potential material that could be used to reduce the weight in the final product.
[image: ]
[bookmark: _Toc102412307][bookmark: _Toc102653943][bookmark: _Toc102662211][bookmark: _Toc102664795][bookmark: _Toc102665545]Figure 4.88 Different Potential Material [41]


Figure 4.89 implies the use of having hollowed out metal borders for the table instead of the current design in place. 
[image: ]
[bookmark: _Toc102412308][bookmark: _Toc102653944][bookmark: _Toc102662212][bookmark: _Toc102664796][bookmark: _Toc102665546]Figure 4.89 Hollowed-out Metal Borders [42]

Figure 4.90 in terms of material, there should be compact components that do not take up too much space. For this purpose, instead of having a few large and heavy components, smaller components with light weight can be used to meet the requirements.

[image: A picture containing text, whiteboard
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[bookmark: _Toc102412309][bookmark: _Toc102653945][bookmark: _Toc102662213][bookmark: _Toc102664797][bookmark: _Toc102665547]Figure 4.90 Compact Components
Figure 4.91 shows that instead of using standard dimensions for components we can get customized components made of lighter materials such as carbon fiber if it is within the requirements. 
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[bookmark: _Toc102412310][bookmark: _Toc102653946][bookmark: _Toc102662214][bookmark: _Toc102664798][bookmark: _Toc102665548]Figure 4.91 Light Materials


Figure 4.92 Table design with integrated vacuum pump, under the LED tile.
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[bookmark: _Toc102412311][bookmark: _Toc102653947][bookmark: _Toc102662215][bookmark: _Toc102664799][bookmark: _Toc102665549]Figure 4.92 Integrated Vacuum Pump


Figure 4.93 Table design with integrated vacuum pump, offset of the LED tile.
[image: ]
[bookmark: _Toc102412312][bookmark: _Toc102653948][bookmark: _Toc102662216][bookmark: _Toc102664800][bookmark: _Toc102665550]Figure 4.93 Offset Pump


4.2.11 Small enough to fit on workers’ desks

Workers have a limited workspace, and we did not want to add to it without needing to. We wish to take a minimalistic approach having the product cover the entire area of the tile which is measured at 8x8 inches, and we would go from there. By doing so we can integrate any additional designs without having to constrain ourselves with the size limits. We have done three different iterations, first by building around the tile and layering it with a step-by-step process. Layer one being the tile, layer two an integrated circuit of LED’s that wraps around the vacuum nozzle followed by the base. Second, an ergonomic design that is angled towards the technician. This design focuses on comfort and instead of building around the tile, we are building up. Third, it is more of a box type structure that encapsulates the tile unlike the first design which builds around; this version is straighter forward, as it reduces material costs.

Minimal Area Figure 4.94 offers an answer to the problem to reduce the size of the tool we would build around the ceramic tiles dimensions while expanding to accommodate added features
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[bookmark: _Toc102412313][bookmark: _Toc102653949][bookmark: _Toc102662217][bookmark: _Toc102664801][bookmark: _Toc102665551]Figure 4.94 Minimal Area
Angled Station Figure 4.95 refers to another design which focuses on comfort while minimizing size by having open space for its different applications. Instead of building from the sides we build up.
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[bookmark: _Toc102412314][bookmark: _Toc102653950][bookmark: _Toc102662218][bookmark: _Toc102664802][bookmark: _Toc102665552]Figure 4.95 Angled Station


Figure 4.96 depicts a vacuum table that uses an external pump to pull a vacuum. Quick disconnect hose can be used to attach the table to the pump so that the table can still be moved and stored in various locations
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[bookmark: _Toc102412315][bookmark: _Toc102653951][bookmark: _Toc102662219][bookmark: _Toc102664803][bookmark: _Toc102665553]Figure 4.96 External Pump with Disconnect Hose Option [7]

Figure 4.97 is the design of vacuum table with an internal pump attached to the underside of the table. The pump but be small and light weight so that the table would take up too much room on the worker’s desk.
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[bookmark: _Toc102412316][bookmark: _Toc102653952][bookmark: _Toc102662220][bookmark: _Toc102664804][bookmark: _Toc102665554]Figure 4.97 Attached Vacuum Pump to Table [8]

Figure 4.98 illustrates a vacuum table with a venturi vacuum pump that connects to an external air compressor allowing for a slim design that can fit on a worker’s desk.
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[bookmark: _Toc102412317][bookmark: _Toc102653953][bookmark: _Toc102662221][bookmark: _Toc102664805][bookmark: _Toc102665555]Figure 4.98 Integrated Venturi Vacuum pump [9]


Figure 4.99 Parabolic – Although seemingly unstable using a parabolic shaped funnel could potentially allow for a greater air flow which is of major importance.

[image: ]
[bookmark: _Toc102412318][bookmark: _Toc102653954][bookmark: _Toc102662222][bookmark: _Toc102664806][bookmark: _Toc102665556]Figure 4.99 Parabolic Shape


Figure 4.100 Pyramidal – Having a pyramidal iteration would increase the stability of the other iterations and accomplish the goal of increasing air flow.
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[bookmark: _Toc102412319][bookmark: _Toc102653955][bookmark: _Toc102662223][bookmark: _Toc102664807][bookmark: _Toc102665557]Figure 4.100 Pyramidal Shape

Figure 4.101 Pentagonal – having a pentagonal iteration would prove to be the most stable, but the effectiveness of airflow through a device shaped like this has not yet been tested by group three.
[image: ]
[bookmark: _Toc102412320][bookmark: _Toc102653956][bookmark: _Toc102662224][bookmark: _Toc102664808][bookmark: _Toc102665558]Figure 4.101 Pentagonal Shape

4.2.12 Able to support the weight of multiple units

Initially the team presented the idea of having design support multiple units. After further meetings with the industrial advisor this was not as necessary for the technicians. Efficiency in the process is prioritized. This concept was explored in case using multiple units at once can be proven advantageous.


Figure 4.102 in terms of material, we should have compact components that do not take up too much space. For this purpose, instead of having a few large and heavy components, smaller components with light weight are better.
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[bookmark: _Toc102412321][bookmark: _Toc102653957][bookmark: _Toc102662225][bookmark: _Toc102664809][bookmark: _Toc102665559]Figure 4.102 Compact Components



Figure 4.103 shows that the ultimate tensile strength of the table will help the vacuum table to withstand the load as all the load is coming on the table. So, its UTS will matter.
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[bookmark: _Toc102412322][bookmark: _Toc102653958][bookmark: _Toc102662226][bookmark: _Toc102664810][bookmark: _Toc102665560]Figure 4.103 Table with High UTS
Figure 4.104 Shelf- represents a small, separate shelving system to hold any extra parts within the workspace to reduce the need to leave the space and support the weight of the parts. 
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[bookmark: _Toc102412323][bookmark: _Toc102653959][bookmark: _Toc102662227][bookmark: _Toc102664811][bookmark: _Toc102665561]Figure 4.104 Separate Shelving System [43]
Figure 4.105 shows that the design of the stand for the vacuum table will play a vital role to support the load of the circuit boards. As the base for the vacuum table is the stand, the mechanical properties of the stand should be stable and practical. 

[image: brand Tenstar Ajustable Easy fold Carrom Stand (Black) for sale -maaun.net]
[bookmark: _Toc102412324][bookmark: _Toc102653960][bookmark: _Toc102662228][bookmark: _Toc102664812][bookmark: _Toc102665562]Figure 4.105 Stand for the Vacuum Table


Figure 4.106 represents that the material should withstand the environmental conditions as it directly effects its ability to withstand loads. Temperature can change the properties of all plastics and weaken it over time. For this reason, looking at the graph above can show how to choose the best spot between stress and strain for a certain material.
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[bookmark: _Toc102412325][bookmark: _Toc102653961][bookmark: _Toc102662229][bookmark: _Toc102664813][bookmark: _Toc102665563]Figure 4.106 Effect of temperature on materials [44]



4.2.13 Shaped Appropriately 

Although not exclusively mentioned by Ball Aerospace group 3 has decided to implement a degree of stack ability to the project this would allow more space on the desk of the technicians allowing less time dedicated to decluttering. This would be accomplished by strategically shaping the device to allow for stacking. Its design must be very stable and resistant to bumps to cause it to fall.
[image: ]Figure 4.107 2-piece design: The design is separated into two parts, the top part being a tray that can carry the ceramic tile. And the second part would be an array that would be connected to the vacuum plate. The bottom is set up with the LED tile as the top layer where the tray will attach, and beneath the tile will be the vacuum plate where it is configured to pull vacuum through the clogged pores of the tile. [bookmark: _Toc97503498][bookmark: _Toc97922131][bookmark: _Toc97923102][bookmark: _Toc102412326][bookmark: _Toc102653962][bookmark: _Toc102662230][bookmark: _Toc102664814][bookmark: _Toc102665564]Figure 4.107 2-piece design



Figure 4.108 Box Design: Focuses on how to make the table easier to use while focusing on the shape. A box-like structure that places the tile on top of the table with each following piece being layered beneath it.
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[bookmark: _Toc102412327][bookmark: _Toc102653963][bookmark: _Toc102662231][bookmark: _Toc102664815][bookmark: _Toc102665565]Figure 4.108 Box Design

























Figure 4.109 Pressing Machine Design: is an innovative design where it takes the previous design and adds to it by having a sliding tray that can hold the ceramic tile placed on the contraption where one would apply the paste onto the tile and have the ceramic tile be pressed down on a pressing machine that gives equal pressure throughout the tile. The tile would be rested on a flat plate and underneath would be springs to relieve pressure and not cause deformation on the plate. 

[image: ][bookmark: _Toc97922133][bookmark: _Toc97923104][bookmark: _Toc102412328][bookmark: _Toc102653964][bookmark: _Toc102662232][bookmark: _Toc102664816][bookmark: _Toc102665566]Figure 4.109 Pressing Machine Design

Figure 4.110 illustrates a vacuum table with a slim design. This design must use an external vacuum source as it is too small to house an internal vacuum pump, as well as include valves for the hose of the pump to be attached.[54]
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[bookmark: _Toc102412329][bookmark: _Toc102653965][bookmark: _Toc102662233][bookmark: _Toc102664817][bookmark: _Toc102665567]Figure 4.110 Vacuum table with a slim design [46]
Figure 4.111 Parabolic – Although seemingly unstable using a parabolic shaped funnel could potentially allow for a greater air flow which is of major importance.
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[bookmark: _Toc102412330][bookmark: _Toc102653966][bookmark: _Toc102662234][bookmark: _Toc102664818][bookmark: _Toc102665568]Figure 4.111 Parabolic Shape

Figure 4.112 Pyramidal – Having a pyramidal iteration would increase the stability of the other iterations and accomplish the goal of increasing air flow.
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[bookmark: _Toc102412331][bookmark: _Toc102653967][bookmark: _Toc102662235][bookmark: _Toc102664819][bookmark: _Toc102665569]Figure 4.112 Pyramidal Shape


Figure 4.113 Pentagonal – having a pentagonal iteration would prove to be the most stable, but the effectiveness of airflow through a device shaped like this has not yet been tested by group three.
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[bookmark: _Toc102412332][bookmark: _Toc102653968][bookmark: _Toc102662236][bookmark: _Toc102664820][bookmark: _Toc102665570]Figure 4.113 Pentagonal shape







4.2.14 Reduce Use of one-Use Consumables

Appropriate cleanability should be built into this design.  Due to the nature of the process, this device will be used for, it will be susceptible to some harsh chemicals.  The technicians need to use either acetone or isopropyl alcohol to clean up the conductive ink.  There are a few ways this can be approached.  Using materials that are resistant to these chemicals is the first choice, acrylic, aluminum and ceramic are the top choices.  Considering environmental impacts in any good engineering solution, one use consumables should be kept to a minimum. In addition to utilizing the core materials chosen above.  An additional step would be to place an absorbent layer between the ceramic sheet and the working surface.  This not only reduces the amount of chemicals needed for cleanup but also reduces time needed to perform the task as well.  There are several options for this, which are both inexpensive and sustainable for the environment.


For figure 4.114 the concepts generated for the function “Reduce one use consumables” can be observed. Figure 4.14A shows that easily cleanable components and materials must be used, means that surfaces are readily accessible and made of such materials and finish so that residue may be effectively removed by normal cleaning methods.
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[bookmark: _Toc102412333][bookmark: _Toc102653969][bookmark: _Toc102662237][bookmark: _Toc102664821][bookmark: _Toc102665571]Figure 4.114 Easily Cleanable Components [47]


For figure 4.115 the unit will need to have the ability to be disassembled for easy cleaning and serviceability. The best way to allow this to occur is to make the top remove able.  Using the materials previously mentioned, Aluminum, Acrylic and ceramic, all of which can be machined in a way to fit into the design. [61]
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[bookmark: _Toc102412334][bookmark: _Toc102653970][bookmark: _Toc102662238][bookmark: _Toc102664822][bookmark: _Toc102665572]Figure 4.115 Serviceable Parts [48]

For figure 4.116 the steps of usability testing are introduced. The concept is to perform usability testing on the end users collect data in reducing potential waste.
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[bookmark: _Toc102412335][bookmark: _Toc102653971][bookmark: _Toc102662239][bookmark: _Toc102664823][bookmark: _Toc102665573]Figure 4.116 The steps of usability [49]



Figure 4.117 shows that easily cleanable components and materials must be used. This means that surfaces are readily accessible and made of such materials. When finished residue may be effectively removed by normal cleaning methods.
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[bookmark: _Toc102412336][bookmark: _Toc102653972][bookmark: _Toc102662240][bookmark: _Toc102664824][bookmark: _Toc102665574]Figure 4.117 Easily Cleanable Components [50]


Figure 4.118 shows that parts or components which need to be changed over the course of time should have a longer shelf life.

[image: Longer Shelf Life with Sunflower Oil - YouTube]
[bookmark: _Toc102412337][bookmark: _Toc102653973][bookmark: _Toc102662241][bookmark: _Toc102664825][bookmark: _Toc102665575]Figure 4.118 Longer Shelf Life. [51]


Figure 4.119 a bamboo paper towel being placed between the ceramic sheet and the working surface and help with a viable solution to reduce non-biodegradable waste while reducing the need for use of cleaning chemicals. [58]
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[bookmark: _Toc102412338][bookmark: _Toc102653974][bookmark: _Toc102662242][bookmark: _Toc102664826][bookmark: _Toc102665576]Figure 4.119 Bamboo Paper Towel [52]
Figure 4.120 Cheese cloth is another option that would be useful to be placed between the ceramic sheet and the working surface. This can also be a viable solution to reduce non-biodegradable waste while reducing the need for use of cleaning chemicals. 

[image: ]
Figure 4.120 Cheese Cloth [52]

4.2.15 Resistant to Chemical Solutions

We intend our design to be resistant to cleaning chemicals/products such as but not limited to Acetone, Isopropyl Alcohol, and a 50/50 mixture of both, etc., any that can be used in the work area. This is intended to prevent the material from degrading due to a reaction from cleaning products. As we have yet to determine what kind of building materials, we will use we have yet to narrow down our choices. Potential solutions for adding corrosive resistance to the backlit vacuum table would be powder, paint, or plastic coatings. Powder coatings are more versatile and have more benefits in the long term as opposed to the other two concepts. Plastic coating has a thicker layer of protection as compared to powder and paint. However, it is easier to wear and tear. Paint coatings are the most inexpensive choice, readily available to anyone and can be purchased at your local hardware store.





Figure 4.121 Powder Coat: This image displays different optional materials that can be used in the design of the table. By making it with stainless steel we can prevent corrosion due to its innate composition. An added approach would have different types of coatings that increase resistance to environmental factors due to oxidization by using a powder coating. Powder coating provides a thin layer of protection against rusting and is more resistant to chipping and scratches.
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[bookmark: _Toc102412340][bookmark: _Toc102653976][bookmark: _Toc102662244][bookmark: _Toc102664828][bookmark: _Toc102665578]Figure 4.121 Powder Coat

Figure 4.122 Plastic Coat: follows along with a plastic coating while it does offer similar benefits as powder coatings it does come with its own share of deficits. The plastic coating is close to material acting like a layer of skin giving it added texture for better grip when compared to Powder coatings. However, plastic coatings are easy to wear off over time and easier to peel off by simple scratches on the surface.
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[bookmark: _Toc102412341][bookmark: _Toc102653977][bookmark: _Toc102662245][bookmark: _Toc102664829][bookmark: _Toc102665579]Figure 4.122 Plastic Coat

Figure 4.123 Paint Coat: This shows a third option in paint coating where it is like plastic coating. However, it is cheaper and easier to apply with a simple can of enamel spray that could be purchased by anybody at their local hardware store. 
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[bookmark: _Toc102412342][bookmark: _Toc102653978][bookmark: _Toc102662246][bookmark: _Toc102664830][bookmark: _Toc102665580]Figure 4.123 Paint Coat

Figure 4.124 illustrates the use of a HDPE (high-density polyethylene) top panel
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[bookmark: _Toc102412343][bookmark: _Toc102653979][bookmark: _Toc102662247][bookmark: _Toc102664831][bookmark: _Toc102665581]Figure 4.124 HDPE Material [53]

Figure 4.125 Acrylic – Acrylic is plastic and is less chemically resistant than metals, but it is chemically resistant to the chemical products used by Ball Aerospace.
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[bookmark: _Toc102412344][bookmark: _Toc102653980][bookmark: _Toc102662248][bookmark: _Toc102664832][bookmark: _Toc102665582]Figure 4.125 Acrylic

Figure 4.126 Aluminum – is very chemically resistant to all cleaning products to be implemented by Ball Aerospace. [43]
[image: ][bookmark: _Toc97503517][bookmark: _Toc97922150][bookmark: _Toc97923121][bookmark: _Toc102412345][bookmark: _Toc102653981][bookmark: _Toc102662249][bookmark: _Toc102664833][bookmark: _Toc102665583]Figure 4.126 Aluminum [15]




Figure 4.127 Chemically resistant coating – if our material of choice does prove to be chemically vulnerable, a chemically resistant coating would allow Ball Aerospace to continue to use the device.
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[bookmark: _Toc102412346][bookmark: _Toc102653982][bookmark: _Toc102662250][bookmark: _Toc102664834][bookmark: _Toc102665584]Figure 4.127 Chemically Resistant Coating

Figure 4.128 is the design of a stainless-steel top panel.
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[bookmark: _Toc102412347][bookmark: _Toc102653983][bookmark: _Toc102662251][bookmark: _Toc102664835][bookmark: _Toc102665585]Figure 4.128 Stainless Steel [55]


4.2.16 Cn be disassembled

As mentioned above, the unit will need to have the ability to be disassembled for easy cleaning and serviceability. The best way to allow this to occur is to make the top remove able. Using the materials previously mentioned, Aluminum, Acrylic and ceramic, all of which can be machined in a way to fit into the design.




Figure 4.129 shows that the apparatus is made of several components and parts. These parts can be put all together to form the machine needed and at the same time, a manual to disassemble those parts can be very handy for troubleshooting.
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[bookmark: _Toc102412348][bookmark: _Toc102653984][bookmark: _Toc102662252][bookmark: _Toc102664836][bookmark: _Toc102665586]Figure 4.129 Apparatus made of several components and parts [56]

Figure 4.130 represents that the design dimensions should be convenient enough with the type of bench being used inside the workshop at Ball Aerospace. This will give enough space for technicians to disassemble the table if needed and reach parts and other tools.
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[bookmark: _Toc102412349][bookmark: _Toc102653985][bookmark: _Toc102662253][bookmark: _Toc102664837][bookmark: _Toc102665587]Figure 4.130 Design Dimensions should be Convenient [57]


Figure 4.131 shows an apparatus that allows the assembly and disassembly of a squeegee system. This implies that the integrated system should still replace parts.

[image: ]
[bookmark: _Toc102412350][bookmark: _Toc102653986][bookmark: _Toc102662254][bookmark: _Toc102664838][bookmark: _Toc102665588]Figure 4.131 Apparatus that allows the assembly and disassembly of a squeegee [58]









Figure 4.132 shows the difference between a temporary and permanent joint. A temporary joint can be easily disassembled without breaking other parts and can save money and time when a certain damage occurs. Permanent joints do not have this kind of flexibility and require a lot more effort to be changed or fixed.
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[bookmark: _Toc102412351][bookmark: _Toc102653987][bookmark: _Toc102662255][bookmark: _Toc102664839][bookmark: _Toc102665589]Figure 4.132 Difference between a temporary and permanent joint
Figure 4.133 a removable acrylic insert. Acrylic is a great material for this design, as it is easily machinable, chemical resistant and light weight. 

[image: ]
[bookmark: _Toc102412352][bookmark: _Toc102653988][bookmark: _Toc102662256][bookmark: _Toc102664840][bookmark: _Toc102665590]Figure 4.133 removable Acrylic insert [59]

Figure 4.134 a removable aluminum insert. [43]
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[bookmark: _Toc102412353][bookmark: _Toc102653989][bookmark: _Toc102662257][bookmark: _Toc102664841][bookmark: _Toc102665591]Figure 4.134 Aluminum Insert [15]












Figure 4.135 a removable ceramic insert. Ceramic is a great porous material. [40]
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[bookmark: _Toc102412354][bookmark: _Toc102653990][bookmark: _Toc102662258][bookmark: _Toc102664842][bookmark: _Toc102665592]Figure 4.135 Removable Ceramic Insert [60]


4.2.17 Use a single 110-volt outlet for power

We have decided to have the final product connected to an electrical source such as a common outlet that houses a voltage of 110 volts. This is based on research being that an average outlet holds a voltage of 110-120 volts. Knowing that the device will be housed in an office setting we can safely assume that they have similar outlets. We have asked before and we have been told that the floor plan where the technicians work is in a basic office setting that carries the essentials. Using a 110 voltage as our standard, we can calculate the voltage per appliance better. Calculating for the vacuum pump and the LED light source. As an added option, a battery power source would not be feasible due to its limitations on its battery dying out. And although it is rechargeable, you would still have to switch out batteries causing delays and reducing productivity.
















Figure 4.136 Prong Types: This image displays two different outlet plugs where one is the most common type while the second one is more suitable for our design the third prong is designed to prevent a short circuit from happening due to any irregularities that can happen in a work environment.
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[bookmark: _Toc102412355][bookmark: _Toc102653991][bookmark: _Toc102662259][bookmark: _Toc102664843][bookmark: _Toc102665593]Figure 4.136 Prong Types
Figure 4.137 Outlet Types: This is a picture of a common household outlet. We know that the floor plan of the technician's workstation is like that of an office setting so we focused on using an outlet that can house a 120-volt current. From additional research, we have found that certain factory settings can hold 208VAC to over 1kVAC.
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[bookmark: _Toc102412356][bookmark: _Toc102653992][bookmark: _Toc102662260][bookmark: _Toc102664844][bookmark: _Toc102665594]Figure 4.137 Outlet Types

Figure 4.138 Battery power: This image displays a battery option to our table. The problem with battery operated tools is that they run out of power and would have to be constantly rotated and be charged. This was not feasible for long-term use. The main idea of the project is to increase efficiency not to hinder the technicians with more work.
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[bookmark: _Toc102412357][bookmark: _Toc102653993][bookmark: _Toc102662261][bookmark: _Toc102664845][bookmark: _Toc102665595]Figure 4.138 Battery Power


Figure 4.139 Using an adapter – if the device we create is not/ cannot be safely used with 110 volts, a voltage adapter could be used to mitigate the issues.
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[bookmark: _Toc102412358][bookmark: _Toc102653994][bookmark: _Toc102662262][bookmark: _Toc102664846][bookmark: _Toc102665596]Figure 4.139 Using an Adapter

Figure 4.140 Using the wall outlet – we could use a vacuum system either already available at Ball Aerospace or one rated for 110 volts.
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[bookmark: _Toc102412359][bookmark: _Toc102653995][bookmark: _Toc102662263][bookmark: _Toc102664847][bookmark: _Toc102665597]Figure 4.140 Using the Wall Outlet


Figure 4.141 Position adjustable vacuum table – allow the vacuum table to either be moved around to an appropriate outlet or to increase the length of the cord in order to accomplish the same goal of reaching a viable outlet.
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[bookmark: _Toc102412360][bookmark: _Toc102653996][bookmark: _Toc102662264][bookmark: _Toc102664848][bookmark: _Toc102665598]Figure 4.141 Position adjustable vacuum table

Figure 4.142 depicts a single 110- volt plug connected to both the back-lighting source and the vacuum pump, which is operated by a single power switch.
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[bookmark: _Toc102412361][bookmark: _Toc102653997][bookmark: _Toc102662265][bookmark: _Toc102664849][bookmark: _Toc102665599]Figure 4.142 Single Plug for Vacuum and Backlight [61]

[bookmark: _Int_7FgEK0Fa]Figure 4.143 is the design of a single 110-volt plug that powers both the vacuum pump and the backlighting source, with this design there are separate power switches to operate both devices independently from each other.
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[bookmark: _Toc102412362][bookmark: _Toc102653998][bookmark: _Toc102662266][bookmark: _Toc102664850][bookmark: _Toc102665600]Figure 4.143 Two Switches for Vacuum and Backlight [61]

4.2.18 Provide power to each item individually

How to provide power to the device depends on if the vacuum pump is integrated into the design and which pump will be used. If the vacuum pump is separate from the device, the power required to operate would simply have a 110-v connection. If the vacuum pump should be integrated, this would require the installation of a power strip to manage the input needed for both devices. The amp draw for the LED lights will be drastically different than that of the vacuum pump. Determining the load required for each component of the device indicates that a simple industrial power strip will suffice. Having an integrated trip protection within the power strip is an added benefit. The unit should also have a switch to turn on and off, outside of plugging the device into the wall and being constant on. Power supply is used to provide the components with electrical power individually which will make it easy to figure out if something is not working. In other words, it will work as a troubleshooter. One power supply can be turned into an individual power provider for different components as we can observe the circuit breaker in our houses, we can use the same electrical circuit design for the vacuum table. 

Figure 4.144 is a Triplite power strip with safety switch, with this device we can manage power supply to each component without overheating the device as power flows through different junctions.[62]
[image: ]
[bookmark: _Toc102412363][bookmark: _Toc102653999][bookmark: _Toc102662267][bookmark: _Toc102664851][bookmark: _Toc102665601]Figure 4.144 Triplite power strip with safety switch [62]

Figure 4.145 is like a circuit breaker. We can observe the power supply and observe where each device is being powered or if it is causing a short in between the systems. Doing so can prevent electrical damage from bad wiring or damaged components.

[image: ]
[bookmark: _Toc102412364][bookmark: _Toc102654000][bookmark: _Toc102662268][bookmark: _Toc102664852][bookmark: _Toc102665602]Figure 4.145 Circuit Breaker [63]


Figure 4.146 represents a tabletop power strip. Adding this to the workbenches of the technicians can provide easy access to a power source with multiple outlets for each item.
[image: ]
[bookmark: _Toc102412365][bookmark: _Toc102654001][bookmark: _Toc102662269][bookmark: _Toc102664853][bookmark: _Toc102665603]Figure 4.146 Tabletop Power Strip. [64]
 


Figure 4.147 shows a power supply can be used to provide the components with electrical power individually which will make it easy to diagnose problems. In other words, it will work as a troubleshooter.
[image: ]
[bookmark: _Toc102412366][bookmark: _Toc102654002][bookmark: _Toc102662270][bookmark: _Toc102664854][bookmark: _Toc102665604]Figure 4.147 Power supply [63]

Figure 4.148 shows that there are many components involved in the making of vacuum tables. So, we can connect the wires of each component with one power strip.

[image: ]
[bookmark: _Toc102412367][bookmark: _Toc102654003][bookmark: _Toc102662271][bookmark: _Toc102664855][bookmark: _Toc102665605]Figure 4.148 Power Strip Usage



Figure 4.149 Power can be distributed to the unit, through an on-off switch. This can allow the unit to be plugged into the wall but not necessarily running all the time. The lighted LED is also a great indicator for anyone walking up to the device while the technician may have stepped away.[64]
[image: ]
[bookmark: _Toc102412368][bookmark: _Toc102654004][bookmark: _Toc102662272][bookmark: _Toc102664856][bookmark: _Toc102665606]Figure 4.149 LED Rocker Switch [65]
Figure 4.150 in an effort to reduce the number of power cables required to operate the device.  The vacuum pump and lighting system can be brought into a distribution block, then a signal power cable is taken out to the power source. [65]

[image: ]
[bookmark: _Toc102412369][bookmark: _Toc102654005][bookmark: _Toc102662273][bookmark: _Toc102664857][bookmark: _Toc102665607]Figure 4.150 Distribution Block [66]


4.3 [bookmark: _Toc102662399][bookmark: _Toc102664983][bookmark: _Toc102665733]Concept Evaluation and Selection
In this section, the group worked to develop and execute a plan to evaluate the concepts previously generated during the concept generation phase of the project. In the concept evaluation section, the group generated and evaluated different criteria, based on questions given by the instructors, which would impact the functions of the backlit vacuum table. Then with the use of GO-NO-GO evaluation tables and Decision Matric tables the most relevant concepts were selected. Lastly, after this system sketches were generated to depict the final design of two systems based on the top two concepts of each function.

4.3.1 Requirements/ Criteria

In this subsection, the group analyze the different requirements related to the project given by the instructors relating to the operating environment of the design, constraints that directly affect the project development, the different technology that is relevant to the design development, the design manufacturing requirements, the project objectives, the need for analysis and testing, the functions needed to be achieved, and the safety and failure modes of the design. After this the group discussed the mentioned points, the team developed a list of requirements/criteria needed to achieve a successful design. Then, the team was tasked developing a table where each function was assigned criteria that directly affects each one of the concepts generated for each specific function. 

What customer requirements are related to the project? Make a list of all customer requirements.
1. Chemical Resistant
2. Vacuum Suction
3. Back-light
4. Stable support
5. Easy to clean
6. Lightweight
7. Easily moved
8. Power Delivery
9. Toggle Switch (on/off button)

What operating environments are related to the project? Look at all of your operating environments.
10. Climate controlled lab
11. Office setting
12. Work bench

What constraints can affect the project? List all of your project constraints.
13. Less than 50 lbs.
14. Stack ability
15. Corrosion resistance
16. Fit on a technician’s desk (cannot be too big)
17. Must satisfy power supply to operate machine


Is current technology available for the functions of the project?
18. Easily designed using CAD software
19. Vacuum Pumps/Table system
20. Lighting systems
21. Machining equipment for manufacturing a prototype
22. Electrical Outlets for Power sources

Can the technology/concept be manufactured with known processes?
23. Yes, we can make minor substitutions to materials depending on availability, but the concept can be generated in the machining facilities at the architecture building.

What are the project objectives? Look at your list of objectives
24. The table should be light enough for a single person to easily transport it.
25. Its size should be compact enough so that a single technician can carry and handle more than one circuit board on it.
26. Its vacuum pressure should be enough so that the circuit board does not move from its position while performing function on it.
27. The pressure should be enough to pull the conductive paste through the holes.
28. A light source should be placed in the vacuum table which will indicate that the conductive paste has reached the bottom.
29. Easy to operate
30. Easily repairable in case of any abnormalities.
31. It should avoid any tactile inputs.
32. Should have resistance against chemical and corrosion.
33. Parts should be affordable enough so that their price does not exceed the existing vacuum tables.
34. It should prevent damage in case of drops.
35. Quality of circuit board should not be at risk by handling from the technician.
36. It should have required hardness.
37. The surface of the back lit vacuum table should be coated through some materials which are easy to clean and are serviceable.
38. Should have available power source
Is there a need for experimentation to ascertain how well a certain project function can be achieved?
1. Yes, the experimental process will come from the vacuum pump. We need to determine safe levels of vacuum pressure when acting on the ceramic tile to pull sufficient suction through the pores of the tiles to unclog paste that had not been pulled all the way through.
2. ANSYS can be used to analyze the properties of the vacuum being generated and the fluid dynamic properties of the conductive paste that is used to fill the pores of the ceramic board 
3. A photometer can be used to check the amount of light being illuminated behind the ceramic board to see if it is an adequate amount for its usage

Are critical parameters that control the functions of the project identified?
4. Ability to check holes without handling the ceramic board
5. Ample light source to verify filled pores
6. Appropriate vacuum to hold part in place

Are the safe operating latitude and sensitivity of the parameters known?
7. Accurate vacuum sensibility
Have all the failure modes been identified for the project? 
8. Prevent deformation of the ceramic board
9. Prevent the over spill of the conductive ink through the pores of the ceramic board


Table 4.4 is a list of the previously defined criteria with all the criteria descriptions being shortened to help fit into the tables used later in the report.

[bookmark: _Toc102655359][bookmark: _Toc102662064][bookmark: _Toc102664648][bookmark: _Toc102665398]Table 4.4 Concept Criteria List
	Criterion #
	Criterion Description

	1
	Chemical Resistant

	2
	Vacuum Suction

	3
	Back-light

	4
	Stable Support

	5
	Easy to clean

	6
	Light weight

	7
	Easily Moved

	8
	Power Delivery

	9
	Ability to turn off power without unplugging

	10
	Climate controlled lab

	11
	Office setting

	12
	Work bench

	13
	Less than 50 lbs.

	14
	Stack ability

	15
	Corrosion Resistant

	16
	Size (fit on desk)

	17
	Easily designed with CAD

	18
	Vacuum pump/table system

	19
	Must satisfy power supply to operate machine

	20
	Lighting system

	21
	Machining Equipment

	22
	Electrical Outlets for Power sources

	23
	Machinable Apparatus

	24
	Lightweight enough for one person to carry

	25
	Compact design

	26
	Vacuum pressure holds down Ceramic tile

	27
	Pull conductive paste through tile

	28
	Light source to verify paste has been pulled through

	29
	Easy to Operate

	30
	Easy to maintain

	31
	Reduce points of contact

	32
	Chemical and Corrosion Resistance

	33
	Affordable cost

	34
	Mitigate fall damage

	35
	Circuit board should not be damaged by technician handling

	36
	Required Hardness

	37
	Surface coating for apparatus

	38
	Should have available power source

	39
	Test Vacuum Pressure

	40
	ANSYS testing

	41
	Photometer test

	42
	Ability to quality check holes without handling ceramic tile

	43
	Insufficient light to check pores

	44
	Appropriate vacuum to hold part in place

	45
	Accurate Vacuum Sensibility

	46
	Prevent deformation of Vacuum Board

	47
	Prevent the over spill of the conductive ink through the pores of the ceramic board


	
	
	




In this section we prioritized creating a list of criteria applicable to each sub function. Whether the criteria are listed as a need or a problem to prevent each one we listed as an answer we assigned it to a coinciding sub-function. These criteria are from the questions earlier in the document. Each sub-function has at least four criteria attributed to it and will be further used throughout the document

In table 4.5, a morphology table similar to the one created in the functional decomposition portion of the project is shown, but in this table the right-hand side displays the requirements/ criteria from table 4.1 that affect each sub-function.

[bookmark: _Toc102655360][bookmark: _Toc102662065][bookmark: _Toc102664649][bookmark: _Toc102665399]Table 4.5 Sample Example Criteria Affecting Previously Identified Sub-functions for Project
	Overall Function
	Level 1 Sub-function
	Level 2 Sub-function
	Level 3 Sub-function
	Requirements/ Criteria Affecting Sub-functions

	To hold the ceramic board in place and pull the ink through its pores while illuminating the pores to verify the results of the ink application.

	Generate a vacuum

	Pull a uniform vacuum
	2, 18, 26, 27, 39, 44, 45, 46

	
	
	Hold ceramic in place
	Reduce contact with part

	3, 20, 24, 26, 27, 28, 31, 35, 44

	
	
	
	Reduce shifting/movement of part

	4, 16, 26, 31, 39, 44

	
	
	Suck ink through pores
	Ensure no voids in pores

	3, 18, 20, 27, 28, 42, 43

	
	
	
	Reduce number of passes performed by workers
	2, 27, 31, 35, 46, 47

	
	Illuminate ceramic through backlighting source

	Verifies the efficiency of the ink application and vacuum
	3, 17, 22, 23, 24, 42

	
	
	Reduce handling from technician

	3, 4, 17, 31, 35, 36, 42

	
	
	Illumination bright enough to see pores after inking process
	3, 17, 20, 25, 28, 31, 41, 42, 43 


	
	Designed to be lightweight and portable

	Light enough for one person to move
	Able to be easily carried

	6, 7, 12, 14, 20, 21


	
	
	
	Limited size/weight

	6, 7, 13, 16, 24, 25

	
	
	Small enough to fit on workers’ desks

	6, 7, 13, 16, 24, 25


	
	
	Able to be stacked
	Able to support the weight of multiple units
	4, 11, 12, 14, 21

	
	
	
	Shaped appropriately

	10, 12, 14, 15, 21, 25, 30


	
	Able to be cleaned

	Reduce one use consumables 
	1, 5, 13, 26, 33, 42

	
	
	Resistant to chemical solutions

	1, 5, 15, 30, 31, 37

	
	
	Can be disassembled

	5, 15, 17, 29, 30

	
	Distribute power to both backlight and vacuum
	Use a single 110-volt outlet for power

	8, 9, 17, 19

	
	
	Provide power to each item individually

	8, 9, 19, 22, 29



4.3.2 GO-NO-GO and Decision Matrix

For this section of the report, we were tasked to evaluate concepts that were generated in Status Report 7. From the previous report, we devised each section to incorporate a certain aspect or function of the overall design of the project into its core concepts. Using the overall function stated before we derived the functionality of each part and generated sketches which further devolved from the origin, specifying key points. Currently in the evaluation stage the data collected from each group member is taken through a screening test to determine the utility and effectiveness of each generated concept.
 
Tables 4.6 to 4.23 are the GO-NO-GO evaluation tables for each sub-function that touches the red line on the morphology table. The concepts identified during the concept generation phase are evaluated based on the criteria identified in table 4.1 To see which concepts are worth including in the project design.

[bookmark: _Toc102655361][bookmark: _Toc102662066][bookmark: _Toc102664650][bookmark: _Toc102665400]Table 4.6 Concept GO-NO-GO Evaluation of the function “Pull a uniform vacuum”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8
	Concept 9

	
	Vacuum Nozzle with Attached Railing
	Square Vacuum Nozzle
	Nozzle Variations
	Bell Shaped Curve
	Pyramidal Shaped Cone
	Cylindrical Shaped Cone
	Liquid Ring Vacuum Pump
	Linear Free Piston Pump
	Venturi Vacuum Pump

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Vacuum Suction
	3
	NO-GO
	5
	NO-GO
	8
	GO
	5
	NO-GO
	8
	GO
	8
	GO
	7
	GO
	5
	NO-GO
	6
	GO

	Vacuum pump/table System
	4
	NO-GO
	5
	NO-GO
	7
	GO
	5
	NO-GO
	8
	GO
	8
	GO
	7
	GO
	4
	NO-GO
	6
	GO

	Vacuum pressure holds down ceramic tile
	6
	GO
	5
	NO-GO
	10
	GO
	5
	NO-GO
	9
	GO
	9
	NO
	10
	GO
	5
	NO-GO
	8
	GO

	Pull conductive paste through tile
	3
	NO-GO
	5
	NO-GO
	8
	GO
	5
	NO-GO
	8
	GO
	8
	GO
	10
	GO
	3
	NO-GO
	10
	GO

	Test Vacuum Pressure
	7
	GO
	4
	NO-GO
	9
	GO
	7
	GO
	8
	GO
	8
	GO
	9
	GO
	4
	NO-GO
	9
	GO

	Appropriate vacuum to hold part in place
	5
	NO-GO
	8
	GO
	9
	GO
	5
	NO-GO
	8
	GO
	8
	NO-GO
	10
	GO
	1
	NO-GO
	10
	GO

	Accurate Vacuum Sensibility
	4
	NO-GO
	9
	GO
	9
	GO
	6
	GO
	9
	GO
	10
	GO
	10
	GO
	1
	NO-GO
	10
	GO

	Prevent deformation of Ceramic Board

	9
	GO
	10
	GO
	8
	GO
	7
	GO
	10
	GO
	10
	GO
	10
	GO
	3
	NO-GO
	7
	GO

	Overall Decision
	NO-GO
	NO-GO
	GO
	NO-GO
	GO
	GO
	GO
	NO-GO
	GO



[bookmark: _Toc102655362][bookmark: _Toc102662067][bookmark: _Toc102664651][bookmark: _Toc102665401]Table 4.7 Concept GO-NO-GO Evaluation of the function “Reduce contact with part”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7

	
	Table Clamps
	Pliers
	Automatic Squeegee
	Proper Fitting Clothes
	Tabbing
	Standard Vacuum Table
	Thin Vacuum Table Design

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Back-light
	1
	NO-GO
	1
	NO-GO
	1 
	NO-GO
	1
	NO-GO
	1
	NO-GO
	4
	NO-GO
	1
	NO-GO

	Lighting system
	1
	NO-GO
	1
	NO-GO
	1
	NO-GO
	1
	NO-OG
	1
	NO-GO
	1
	NO-GO
	1
	NO-GO

	Lightweight enough for one person to carry
	7
	GO
	10
	GO
	10
	GO
	8
	GO
	1
	NO-GO
	7
	GO
	10
	GO

	Vacuum pressure holds down ceramic tile
	6
	GO
	5
	NO-GO
	5
	NO-GO
	4
	NO-GO
	5
	NO-GO
	8
	GO
	10
	GO

	Pull conductive paste through tile
	5
	NO-GO
	5
	NO-GO
	8
	GO
	5
	NO-GO
	5
	NO-GO
	8
	GO
	10
	GO

	Light source to verify paste has been through
	1
	NO-GO
	7
	GO
	7
	GO
	5
	NO-GO
	5
	NO-GO
	6
	GO
	6
	GO

	Reduce points of contact
	8
	GO
	7
	GO
	10
	GO
	7
	GO
	6
	GO
	10
	GO
	10
	GO

	Circuit board should not be damaged by technician handling
	10
	GO
	6
	GO
	10
	GO
	6
	GO
	6
	GO
	10
	GO
	10
	GO

	Appropriate vacuum to hold part in place
	1
	NO-GO
	6
	GO
	5
	NO-GO
	5
	NO-GO
	5
	NO-GO
	10
	GO
	10
	GO

	Overall Decision
	NO-GO
	GO
	GO
	NO-GO
	NO-GO
	GO
	GO



[bookmark: _Toc102655363][bookmark: _Toc102662068][bookmark: _Toc102664652][bookmark: _Toc102665402]Table 4.8 Concept GO-NO-GO Evaluation of the function “Reduce shifting/movement of part”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8

	
	Table Clamps
	Corner Connected Brackets
	Tile Tray
	Lasered Groove
	Straps
	Uniform Suction
	Ceramic Board sized Vacuum Section
	Bleeder Board

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Stable Support
	8
	GO
	7
	GO
	7
	GO
	6
	GO
	6
	GO
	9
	GO
	8
	GO
	8
	GO

	Size (fit on desk)
	5
	NO-GO
	4
	NO-GO
	8
	GO
	8
	GO
	8
	GO
	9
	GO
	7
	GO
	8
	GO

	Vacuum pressure holds down Ceramic tile
	4
	NO-GO
	5
	NO-GO
	4
	NO-GO
	5
	NO-GO
	5
	NO-GO
	8
	NO-GO
	5
	NO-GO
	6
	NO

	Reduce points of contact
	4
	NO-GO
	5
	NO-GO
	6
	GO
	5
	NO-GO
	5
	NO-GO
	8
	GO
	6
	GO
	7
	GO

	Test Vacuum Pressure
	10
	GO
	10
	GO
	6
	GO
	7
	GO
	6
	GO
	8
	GO
	7
	GO
	7
	GO

	Appropriate vacuum to hold part in place
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO
	5
	NO-GO
	4
	NO-GO
	8
	GO
	6
	GO
	7
	GO

	Overall Decision
	NO-GO
	NO-GO
	GO
	NO-GO
	NO-GO
	GO
	GO
	GO







[bookmark: _Toc102655364][bookmark: _Toc102662069][bookmark: _Toc102664653][bookmark: _Toc102665403]Table 4.9 Concept GO-NO-GO Evaluation of the function “Ensure no voids in pores”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Thin Vacuum Table Design
	Vacuum Pump
	Mechanical Lifting System
	[bookmark: _Int_aNO3kEZ9]Increased amount of holes in top
	Lighting System
	Porous material for even Vacuum

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Vacuum Suction
	7
	GO
	5
	NO-GO
	3
	NO-GO
	8
	GO
	10
	GO
	9
	GO

	Electrical Outlets for Power sources
	6
	GO
	10
	GO
	4
	NO-GO
	8
	GO
	9
	GO
	10
	GO

	Machinable Apparatus
	7
	GO
	5
	NO-GO
	3
	NO-GO
	8
	GO
	10
	GO
	9
	GO

	Lightweight enough for one person to carry
	7
	GO
	4
	NO-GO
	3
	NO-GO
	8
	GO
	9
	GO
	10
	GO

	Surface coating for apparatus
	4
	GO
	5
	NO-GO
	3
	NO-GO
	6
	GO
	10
	GO
	9
	GO

	Should have available power source
	9
	GO
	5
	NO-GO
	10
	GO
	6
	GO
	10
	GO
	8
	GO

	Overall Decision
	GO
	NO-GO
	NO-GO
	GO
	GO
	GO



[bookmark: _Toc102655365][bookmark: _Toc102662070][bookmark: _Toc102664654][bookmark: _Toc102665404]Table 4.10 Concept GO-NO-GO Evaluation of the function “Reduce number of passes performed by workers”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8
	Concept 9

	
	Rolling Squeegee
	Basic Squeegee
	Crossbar Squeegee
	Uniform Suction
	Larger Squeegee
	Viscous Applicator
	Adjustable Vacuum Source
	Channeled Vacuum Top
	Flat Vacuum Top with Holes

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Vacuum Suction
	1
	NO-GO
	7
	GO
	5
	NO-GO
	10
	GO
	5
	NO-GO
	2
	NO-GO
	4
	NO-GO
	9
	GO
	9
	GO

	Size (fit on desk)
	3
	NO-GO
	9
	GO
	3
	NO-GO
	6
	GO
	3
	NO-GO
	8
	GO
	3
	NO-GO
	8
	GO
	8
	GO

	Electrical Outlets for Power sources
	1
	NO-GO
	1
	NO-GO
	1
	NO-GO
	6
	GO
	1
	NO-GO
	1
	NO-GO
	8
	GO
	8
	GO
	8
	GO

	Machinable Apparatus
	6
	GO
	6
	GO
	6
	GO
	7
	GO
	5
	NO-GO
	1
	NO-GO
	8
	GO
	8
	GO
	8
	GO

	Lightweight enough for one person to carry
	9
	GO
	10
	GO
	8
	GO
	6
	GO
	6
	GO
	8
	GO
	3
	NO-GO
	6
	GO
	6
	GO

	Easy to Operate
	1
	NO-GO
	8
	GO
	4
	NO-GO
	0
	NO-GO
	5
	NO-GO
	7
	GO
	3
	NO-GO
	5
	NO-GO
	5
	NO-GO

	Overall Decision
	NO-GO
	GO
	NO-GO
	GO
	NO-GO
	NO-GO
	NO-GO
	GO
	GO




[bookmark: _Toc102655366][bookmark: _Toc102662071][bookmark: _Toc102664655][bookmark: _Toc102665405]Table 4.11 Concept GO-NO-GO Evaluation of the function “Verifies the efficiency of the ink application and vacuum”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Flexible LED Boards
	Proximity Sensor
	Perforated Plastic Sheet
	Suction Regulator Valve
	Fiber Optic Light Source
	LED Chips

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Back-light
	9
	GO
	0
	NO-GO
	9
	NO-GO
	3
	NO-GO
	3
	NO-GO
	8
	GO

	Easily designed with CAD
	6
	GO
	6
	GO
	0
	NO-GO
	5
	NO-GO
	2
	NO-GO
	6
	GO

	Electrical Outlets for Power sources
	8
	GO
	7
	GO
	0
	NO-GO
	6
	GO
	6
	GO
	4
	NO-GO

	Machinable Apparatus
	8
	GO
	10
	GO
	3
	NO-GO
	7
	GO
	3
	NO-GO
	8
	GO

	Lightweight enough for one person to carry
	8
	GO
	10
	GO
	10
	GO
	6
	GO
	7
	GO
	10
	GO

	Surface coating for apparatus
	2
	NO-GO
	3
	NO-GO
	3
	NO-GO
	3
	NO-GO
	1
	NO-GO
	3
	NO-GO

	Overall Decision
	GO
	GO
	NO-GO
	NO-GO
	NO-GO
	GO




[bookmark: _Toc102655367][bookmark: _Toc102662072][bookmark: _Toc102664656][bookmark: _Toc102665406]Table 4.12 Concept GO-NO-GO Evaluation of the function “Reduce handling from technicians”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8

	
	Ergonomic Reclined Table
	Basic Vacuum Table
	Material Data
	Light Bar
	Light Disk
	Moveable Top Plate
	Tray for Ceramic
	Overhead Light

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Back-light
	3
	NO-GO
	5
	NO-GO
	5
	NO-GO
	7
	GO
	6
	GO
	5
	NO-GO
	2
	NO-GO
	5
	NO-GO

	Stable Support
	7
	GO
	8
	GO
	5
	NO-GO
	6
	GO
	8
	GO
	8
	GO
	7
	GO
	8
	GO

	Easily designed with CAD
	4
	NO-GO
	8
	GO
	6
	GO
	6
	GO
	7
	GO
	9
	GO
	3
	NO-GO
	5
	NO-GO

	Reduce points of contact
	8
	GO
	7
	GO
	6
	GO
	5
	NO-GO
	3
	NO-GO
	8
	GO
	5
	NO-GO
	4
	NO-GO

	Circuit board should not be damaged by technician handling
	5
	NO-GO
	8
	GO
	5
	NO-GO
	6
	GO
	6
	GO
	7
	GO
	6
	GO
	6
	GO

	Required Hardness
	8
	GO
	6
	GO
	5
	NO-GO
	5
	NO-GO
	5
	NO-GO
	8
	GO
	3
	NO-GO
	5
	NO-GO

	Inability to quality check holes without handling ceramic tile
	5
	NO-GO
	8
	GO
	5
	NO-GO
	7
	GO
	8
	GO
	8
	GO
	5
	NO-GO
	7
	GO

	Overall Decision
	NO-GO
	GO
	NO-GO
	GO
	GO
	GO
	NO-GO
	NO-GO




[bookmark: _Toc102655368][bookmark: _Toc102662073][bookmark: _Toc102664657][bookmark: _Toc102665407]Table 4.13 Concept GO-NO-GO Evaluation of the function “Illumination bright enough to see pores after inking process”
	

	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5

	
	LED Chips
	Tile Sized lighting Source
	Adjustable Brightness of Lighting Source
	Monochromatic Light Source
	Portable LED boxes

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Back-light
	9
	GO
	10
	GO
	8
	GO
	5
	NO-GO
	7
	GO

	Easily designed with CAD
	7
	GO
	9
	GO
	6
	GO
	5
	NO-GO
	5
	NO-GO

	Lighting system
	9
	GO
	9
	GO
	7
	GO
	6
	GO
	6
	GO

	Compact design
	9
	GO
	7
	GO
	6
	GO
	3
	NO-GO
	5
	NO-GO

	Light source to verify paste has been pulled through
	7
	GO
	8
	GO
	6
	GO
	6
	GO
	5
	NO-GO

	Reduce points of contact
	7
	GO
	8
	GO
	6
	GO
	5
	NO-GO
	6
	GO

	Photometer test
	9
	GO
	9
	GO
	8
	GO
	4
	NO-GO
	8
	GO

	Inability to quality check holes without handling ceramic tile
	7
	GO
	8
	GO
	6
	GO
	7
	GO
	6
	GO

	Insufficient light to check pores
	6
	GO
	8
	GO
	6
	GO
	6
	GO
	8
	GO

	Overall Decision
	GO
	GO
	GO
	NO-GO
	GO




[bookmark: _Toc102655369][bookmark: _Toc102662074][bookmark: _Toc102664658][bookmark: _Toc102665408]Table 4.14 Concept GO-NO-GO Evaluation of the function “Able to be easily carried”
	

	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Stainless Steel Handles
	Plastic Handles
	Fabric Strap Handles
	Cart System
	Ridged Handles
Integrated
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Foldable Handles

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Light weight
	6
	GO
	8
	GO
	9
	GO
	5
	NO-GO
	10
	GO
	8
	GO

	Easily moved
	8
	GO
	8
	GO
	6
	GO
	9
	GO
	8
	GO
	8
	GO

	Stack ability
	5
	NO-GO
	4
	NO-GO
	6
	GO
	2
	NO-GO
	9
	GO
	6
	GO

	Size (fit on desk)
	7
	GO
	7
	GO
	7
	GO
	4
	NO-GO
	8
	GO
	8
	GO

	Lightweight enough for one person to carry
	7
	GO
	8
	GO
	8
	GO
	5
	NO_GO
	8
	GO
	8
	GO

	Compact design
	4
	NO-GO
	5
	NO-GO
	6
	GO
	3
	NO-GO
	8
	GO
	7
	GO

	Overall Decision
	GO
	GO
	GO
	NO-GO
	GO
	GO




[bookmark: _Toc102655370][bookmark: _Toc102662075][bookmark: _Toc102664659][bookmark: _Toc102665409]Table 4.15 Concept GO-NO-GO Evaluation of the function “Limited size/weight”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Vacuum Chuck
	Potential Materials
	Hollow Metal Borders
	Compact Components
	Pump under Led Tile
	Pump offset LED Tile

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Light weight
	8
	GO
	1
	NO-GO
	8
	GO
	9
	GO
	6
	GO
	5
	NO-GO

	Easily Moved
	10
	GO
	1
	NO-GO
	6
	GO
	9
	GO
	8
	GO
	5
	NO-GO

	Operate from Work bench
	10
	GO
	1
	NO-GO
	7
	GO
	9
	GO
	9
	GO
	8
	GO

	Stack ability
	9
	GO
	1
	NO-GO
	6
	GO
	9
	GO
	9
	GO
	3
	NO-GO

	Lighting system
	10
	GO
	1
	NO-GO
	2
	NO-GO
	9
	GO
	8
	GO
	7
	GO

	Machining Equipment
	8
	GO
	1
	NO-GO
	3
	NO-GO
	7
	GO
	6
	GO
	4
	NO-GO

	Overall Decision
	GO
	NO-GO
	GO
	GO
	GO
	NO-GO




[bookmark: _Toc102655371][bookmark: _Toc102662076][bookmark: _Toc102664660][bookmark: _Toc102665410]Table 4.16 Concept GO-NO-GO Evaluation of the function “Small enough to fit on workers’ desks”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8

	
	Ceramic Board Sized Table
	Triangular Shaped
	External Pump System
	Small Integrated Pump
	Venturi Pump System
	Parabolic Shaped
	Pyramidal Shaped
	Pentagonal Shaped

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Light weight
	8
	GO
	6
	GO
	10
	GO
	7
	GO
	9
	GO
	2
	NO-GO
	3
	NO-GO
	1
	NO-GO

	Easily Moved
	7
	GO
	4
	NO-GO
	9
	GO
	7
	GO
	7
	GO
	1
	NO-GO
	1
	NO-GO
	1
	NO-GO

	Less than 50 lbs.
	6
	GO
	5
	NO-GO
	10
	GO
	6
	GO
	8
	GO
	5
	NO-GO
	1
	NO-GO
	1
	NO-GO

	Size (fit on desk)
	4
	NO-GO
	5
	NO-GO
	10
	GO
	8
	GO
	6
	GO
	4
	NO-GO
	1
	NO-GO
	1
	NO-GO

	Compact design
	5
	NO-GO
	6
	GO
	10
	GO
	6
	GO
	6
	GO
	1
	NO-GO
	1
	NO-GO
	1
	NO-GO

	Overall Decision
	GO
	NO-GO
	GO
	GO
	GO
	NO-GO
	NO-GO
	NO-GO




[bookmark: _Toc102655372][bookmark: _Toc102662077][bookmark: _Toc102664661][bookmark: _Toc102665411]Table 4.17 Concept GO-NO-GO Evaluation of the function “Able to support the weight of multiple units”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4

	
	Small Component Design
	Material of High Tensile Strength
	Shelving System
	Table Stand

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Stable Support
	8
	GO
	10
	GO
	1
	NO-GO
	1
	NO-GO

	Office setting
	7
	GO
	7
	GO
	1
	NO-GO
	1
	NO-GO

	Work bench
	9
	GO
	8
	GO
	1
	NO-GO
	1
	NO-GO

	Stack ability
	10
	GO
	10
	GO
	1
	NO-GO
	1
	NO-GO

	Machining Equipment
	8
	GO
	9
	GO
	1
	NO-GO
	1
	NO-GO

	Overall Decision
	GO
	GO
	NO-GO
	NO-GO




[bookmark: _Toc102655373][bookmark: _Toc102662078][bookmark: _Toc102664662][bookmark: _Toc102665412]Table 4.18 Concept GO-NO-GO Evaluation of the function “Shaped appropriately”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7

	
	2-Piece Design
	Box Design
	Pressing Machine Design
	Slim Design
	Parabolic Shaped
	Pyramidal Shaped
	Pentagonal Shaped

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Climate controlled lab
	10
	GO
	10
	GO
	10
	GO
	10
	GO
	10
	GO
	10
	GO
	10
	GO

	Work bench
	10
	GO
	5
	NO-GO
	4
	NO-GO
	10
	GO
	10
	GO
	10
	GO
	10
	GO

	Stack ability
	5
	NO-GO
	10
	GO
	4
	NO-GO
	7
	GO
	4
	NO-GO
	7
	GO
	8
	GO

	Corrosion Resistant
	6
	GO
	5
	NO-GO
	6
	GO
	6
	GO
	5
	NO-GO
	5
	NO-GO
	5
	NO-GO

	Machining Equipment
	10
	NO-GO
	5
	NO-GO
	2
	NO-GO
	8
	GO
	1
	NO-GO
	7
	GO
	6
	GO

	Compact design
	7
	NO-GO
	5
	NO-GO
	3
	NO-GO
	10
	GO
	4
	NO-GO
	8
	GO
	8
	GO

	Easy to maintain
	6
	GO
	3
	NO-GO
	3
	NO-GO
	8
	GO
	4
	NO-GO
	8
	GO
	4
	NO-GO

	Overall Decision
	GO
	NO-GO
	NO-GO
	GO
	NO-GO
	GO
	GO




[bookmark: _Toc102655374][bookmark: _Toc102662079][bookmark: _Toc102664663][bookmark: _Toc102665413]Table 4.19 Concept GO-NO-GO Evaluation of the function “Reduce one use consumables”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Easily Cleaned Components
	Removable Top
	Usability Testing
	Longer Shelf-Life Components
	Bamboo Towel Bleeder Cloth
	Cheese Cloth Bleeder Cloth

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Chemical resistant
	7
	GO
	8
	GO
	4
	NO-GO
	6
	GO
	7
	GO
	7
	GO

	Easy to clean
	10
	GO
	9
	GO
	9
	GO
	5
	NO-GO
	3
	NO-GO
	3
	NO-GO

	Less than 50 lbs.
	5
	GO
	6
	GO
	3
	NO-GO
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO

	Vacuum pressure holds down ceramic tile
	4
	NO-GO
	4
	NO-GO
	8
	GO
	5
	NO-GO
	5
	NO-GO
	6
	GO

	Affordable cost
	9
	GO
	8
	GO
	8
	GO
	3
	NO-GO
	4
	NO-GO
	6
	GO

	Ability to quality check holes without handling ceramic tile
	5
	NO-GO
	10
	GO
	6
	GO
	4
	NO-GO
	3
	NO-GO
	6
	GO

	Overall Decision
	GO
	GO
	GO
	NO-GO
	NO-GO
	GO




[bookmark: _Toc102655375][bookmark: _Toc102662080][bookmark: _Toc102664664][bookmark: _Toc102665414]Table 4.20 Concept GO-NO-GO Evaluation of the function “Resistant to chemical solutions”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7

	
	Powder Coat
	Plastic Coat
	Paint Coat
	HDPE Top Panel
	Acrylic Top
	Aluminum 
	Chemically Resistant Coating

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Chemical Resistant
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO
	7
	GO
	6
	GO
	10
	GO
	8
	GO

	Easy to clean
	4
	NO-GO
	8
	GO
	4
	NO-GO
	8
	GO
	7
	GO
	5
	NO-GO
	6
	GO

	Less than 50 lbs.
	4
	NO-GO
	10
	GO
	4
	NO-GO
	10
	GO
	5
	NO-GO
	4
	NO-GO
	6
	GO

	Vacuum pressure holds down ceramic tile
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO
	7
	GO
	4
	NO-GO
	4
	NO-GO

	Light source to verify paste has been pulled through
	4
	NO-GO
	4
	NO-GO
	4
	NO-GO
	8
	GO
	10
	GO
	4
	NO-GO
	3
	NO-GO

	Overall Decision
	NO-GO
	NO-GO
	NO-GO
	GO
	GO
	NO-GO
	GO




[bookmark: _Toc102655376][bookmark: _Toc102662081][bookmark: _Toc102664665][bookmark: _Toc102665415]Table 4.21 Concept GO-NO-GO Evaluation of the function “Can be disassembled”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Multiple Part Design
	Disassemble able Squeegee System
	Joint Types for Design
	Removable Acrylic Insert
	Removable Aluminum Insert
	Removable Ceramic Insert

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Easy to clean
	10
	GO
	5
	NO-GO
	5
	NO-GO
	9
	GO
	8
	GO
	8
	GO

	Corrosion resistant
	8
	GO
	5
	NO-GO
	5
	NO-GO
	9
	GO
	7
	GO
	6
	GO

	Easily designed in CAD
	8
	GO
	4
	NO-GO
	1
	NO-GO
	8
	GO
	6
	GO
	7
	GO

	Easy to operate
	9
	GO
	3
	NO-GO
	3
	NO-GO
	8
	GO
	7
	GO
	8
	GO

	Easy to Maintain
	9
	GO
	7
	GO
	7
	GO
	8
	GO
	8
	GO
	8
	GO

	Overall Decision
	GO
	NO-GO
	NO-GO
	GO
	GO
	GO







[bookmark: _Toc102655377][bookmark: _Toc102662082][bookmark: _Toc102664666][bookmark: _Toc102665416]Table 4.22 Concept GO-NO-GO Evaluation of the function “Use a single 110-volt outlet for power”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6
	Concept 7
	Concept 8

	
	Prong Types
	Outlet Types
	Battery Powered
	Adapter
	Position Adjusted Vacuum Table
	Single Plug for Vacuum and Backlight
	Two Plugs for Vacuum and Backlight
	Separate Vacuum Pump, Single Outlet for Backlight

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Power Delivery
	6
	GO
	7
	GO
	7
	NO- GO
	6
	GO
	5
	NO- GO
	6
	GO
	3
	NO-GO
	10
	GO

	Ability to turn off power with unplugging
	8
	GO
	6
	GO
	7
	GO
	4
	NO-GO
	6
	GO
	6
	GO
	1
	NO- GO
	9
	GO

	Easily designed with CAD
	7
	GO
	6
	GO
	6
	GO
	3
	NO-GO
	4
	NO- GO
	6
	GO
	6
	GO
	9
	GO

	Must satisfy power supply to operate machine
	6
	GO
	5
	NO-GO
	7
	NO-GO
	3
	NO-GO
	3
	NO-GO
	6
	GO
	4
	NO-GO
	8
	GO

	Overall Decision
	GO
	GO
	NO-GO
	NO-GO
	NO-GO
	GO
	NO-GO
	GO




[bookmark: _Toc102655378][bookmark: _Toc102662083][bookmark: _Toc102664667][bookmark: _Toc102665417]Table 4.23 Concept GO-NO-GO Evaluation of the function “Provide power to each item individually”
	
	Concept 1
	Concept 2
	Concept 3
	Concept 4
	Concept 5
	Concept 6

	
	Triplite Power Switch
	Circuit Breaker
	Tabletop Power Switch
	Individually Powered Components
	On/Off Switch
	Distribution Block

	Criteria/Requirement
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO
	Score
	GO-NO-GO

	Power Delivery
	7
	GO
	8
	GO
	5
	No-Go
	10
	GO
	10
	GO
	7
	GO

	Ability to turn off power without unplugging
	7
	GO
	5
	NO-GO
	10
	GO
	9
	GO
	8
	GO
	7
	GO

	Must satisfy power supply to operate machine
	7
	GO
	7
	GO
	4
	NO-GO
	8
	GO
	7
	Go
	7
	GO

	Electrical Outlets for Power sources
	8
	GO
	4
	NO- GO
	5
	NO-GO
	8
	GO
	6
	GO
	6
	GO

	Easy to operate
	7
	GO
	4
	NO-GO
	6
	GO
	8
	GO
	9
	GO
	6
	GO

	Overall Decision
	GO
	NO-GO
	NO-GO
	GO
	GO
	GO



4.3.3 Concepts Decision Matrix

This section was used to evaluate the efficacy of each iteration developed in Functional Decomposition step of the design. To do this each criterion was a number based on their importance to the specific sub function in which it was placed. After assigning the “weight” we used the “score” values from the Go-No-Go table listed earlier in the Report. To clearly see which two concepts are necessary to move onto the next set of tables, the group multiplied the “weight” and “score” values. This was done because the greater the importance of the criteria and the better a concept accomplishes that criterion the greater number the concept would achieve.

Tables 4.24-4.41 are used for the second phase of the concept evaluation and display the matrix decision concept evaluation. In these tables each criterion is given a specific weight from 1 to 10, then each concept that was a GO from the GO-NO-GO tables are evaluated. The weight of the criterion is then multiplied by the score of the concept to get the weighted score, then the weighted score of the concept is added with the concept with the greatest overall score being implemented into the design.

[bookmark: _Toc102655379][bookmark: _Toc102662084][bookmark: _Toc102664668][bookmark: _Toc102665418]Table 4.24 Sample Decision Matrix Concepts Evaluation for the Function “Pull a uniform vacuum”
	 
	 
	Concept 3
	Concept 5
	Concept 6
	Concept 7
	Concept 9

	 
	 
	Nozzle Variations
	Pyramidal shaped cone
	Cylindrical shaped cone
	Liquid Ring Vacuum pump
	Venturi Vacuum Pump

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Vacuum Suction
	7
	8
	56
	8
	56
	8
	56
	7
	49
	6
	42

	Vacuum pump/table System
	10
	7
	70
	8
	80
	8
	80
	7
	70
	6
	60

	Vacuum pressure holds down ceramic tile 
	4
	10
	40
	9
	36
	9
	36
	10
	40

	8
	32

	Pull conductive paste through tile
	8
	8
	64
	8
	64
	8
	64
	10
	80
	10
	10

	Test Vacuum Pressure
	5
	9
	45
	8
	40
	8
	40
	9
	45
	9
	45

	Appropriate vacuum to hold part in place
	3
	9
	27
	8
	24
	8
	24
	10
	30
	10
	30

	Accurate Vacuum Sensibility
	9
	9
	81
	9
	81
	10
	90
	10
	90
	10
	90

	Prevent deformation of Ceramic Board
	6
	8
	48
	10
	60
	10
	60
	10
	60
	7
	42

	Total Weighted Score
	 
	 
	431
	
	441
	
	450
	 
	464
	
	351



[bookmark: _Toc102655380][bookmark: _Toc102662085][bookmark: _Toc102664669][bookmark: _Toc102665419]Table 4.25 Sample Decision Matrix Concepts Evaluation for the Function “Reduce contact with part”
	 
	 
	Concept 2
	Concept 3
	Concept 6
	Concept 7

	 
	 
	Pliers
	Automatic Squeegee
	Standard Vacuum Table
	Thin Vacuum Table design

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Back-light
	7
	1
	7
	1
	7
	4
	28
	1
	7

	Lighting system
	4
	1
	4
	1
	4
	1
	4
	1
	4

	Lightweight enough for one person to carry
	6
	10
	60
	10
	60
	7
	42
	10
	60

	Vacuum pressure holds down ceramic tile
	5
	5
	25
	5
	25
	8
	40
	10
	50

	Pull conductive paste through tile
	8
	5
	40
	8
	64
	8
	64
	10
	80

	Light source to verify paste has been through
	10
	7
	70
	7
	70
	6
	60
	6
	60

	Reduce points of contact
	9
	7
	63
	10
	90
	10
	90
	10
	90

	Circuit board should not be damaged by technician handling
	3
	6
	18
	10
	30
	10
	30
	10
	30

	Appropriate vacuum to hold part in place
	2
	6
	12
	5
	10
	10
	20
	10
	20

	Total Weighted Score
	 
	 
	299
	 
	360
	 
	378
	 
	401




[bookmark: _Toc102655381][bookmark: _Toc102662086][bookmark: _Toc102664670][bookmark: _Toc102665420]Table 4.26 Sample Decision Matrix Concepts Evaluation for the Function “Reduce shifting/movement of part”
	 
	 
	Concept 3
	Concept 6
	Concept 7
	Concept 8

	 
	 
	Tile Tray
	Uniform Suction
	Ceramic Board sized Vacuum Section
	Bleeder board

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Stable support
	8
	7
	56
	9
	72
	8
	64
	8
	64

	Size (fit on desk)
	9
	8
	72
	9
	81
	7
	63
	8
	72

	Vacuum pressure holds down Ceramic tile
	7
	4
	28
	8
	56
	5
	35
	6
	42

	Reduce points of contact
	10
	6
	60
	8
	80
	6
	60
	7
	70

	Test Vacuum Pressure
	5
	6
	30
	8
	40
	7
	35
	7
	35

	Appropriate vacuum to hold part in place
	6
	4
	24
	8
	48
	6
	36
	7
	42

	Total Weighted Score
	 
	 
	270
	 
	377
	 
	293
	 
	325



[bookmark: _Toc102655382][bookmark: _Toc102662087][bookmark: _Toc102664671][bookmark: _Toc102665421]Table 4.27 Sample Decision Matrix Concepts Evaluation for the Function “Ensure no voids in pores”
	 
	 
	Concept 1
	Concept 4
	Concept 5
	Concept 6

	 
	 
	Thin Vacuum Table Design
	Increase the number of holes in top
	Lighting system
	Porous material for even vacuum

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Vacuum Suction
	9
	7
	63
	8
	72
	10
	90
	9
	81

	Electrical Outlets for Power sources
	6
	6
	36
	8
	48
	9
	54
	10
	60

	Machinable Apparatus
	7
	7
	49
	8
	56
	10
	70
	9
	63

	Lightweight enough for one person to carry
	8
	7
	56
	8
	64
	9
	72
	10
	80

	Surface coating for apparatus
	7
	4
	28
	6
	42
	10
	70
	9
	63

	Should have available power source
	7
	9
	63
	6
	42
	10
	70
	8
	56

	Total Weighted Score
	 
	 
	295
	 
	322
	 
	426
	 
	403



[bookmark: _Toc102655383][bookmark: _Toc102662088][bookmark: _Toc102664672][bookmark: _Toc102665422]Table 4.28 Sample Decision Matrix Concepts Evaluation for the Function “Reduce number of passes performed by workers”
	 
	 
	Concept 2
	Concept 4
	Concept 8
	Concept 9

	 
	 
	Basic Squeegee
	Uniform Suction
	Channeled Vacuum Top
	Flat Vacuum Top with Holes

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Vacuum Suction
	8
	7
	56
	10
	80
	9
	72
	9
	72

	Size (fit on desk)

	7
	9
	63
	6
	63
	8
	56
	8
	56

	Electrical Outlets for Power sources
	8
	1
	8
	6
	48
	8
	64
	8
	64

	Machinable Apparatus
	6
	6
	36
	7
	42
	8
	48
	8
	48

	Lightweight enough for one person to carry
	6
	10
	60
	6
	36
	6
	36
	6
	36

	Easy to Operate
	10
	8
	80
	0
	0
	5
	50
	5
	50

	Total Weighted Score
	 
	 
	303
	 
	269
	 
	326
	 
	326




[bookmark: _Toc102655384][bookmark: _Toc102662089][bookmark: _Toc102664673][bookmark: _Toc102665423]Table 4.29 Sample Decision Matrix Concepts Evaluation for the Function “Verifies the efficiency of the ink application and vacuum”
	 
	 
	Concept 1
	Concept 2
	Concept 6

	 
	 
	Flexible LED boards
	Proximity sensor
	LED chips

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Back-light
	10
	9
	90
	0
	0
	8
	72

	Easily designed with CAD
	6
	6
	36
	6
	36
	6
	36

	Electrical Outlets for Power sources
	6
	8
	48
	7
	42
	4
	32

	Machinable Apparatus
	6
	8
	48
	10
	60
	8
	48

	Lightweight enough for one person to carry
	6
	8
	48
	10
	60
	10
	60

	Surface coating for apparatus
	8
	2
	16
	3
	24
	3
	24

	Total Weighted Score
	 
	 
	286
	 
	222
	 
	272



[bookmark: _Toc102655385][bookmark: _Toc102662090][bookmark: _Toc102664674][bookmark: _Toc102665424]Table 4.30 Sample Decision Matrix Concepts Evaluation for the Function “Reduce handling from technicians”
	 
	 
	Concept 2
	Concept 4
	Concept 5
	Concept 6

	 
	 
	Basic Vacuum Table
	Light Bar
	Light Disk
	Moveable Top Plate

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Back-light
	7
	5
	35
	7
	35
	6
	42
	5
	35

	Stable Support
	4
	8
	32
	6
	24
	8
	32
	8
	32

	Easily designed with CAD
	7
	8
	56
	6
	42
	7
	49
	9
	63

	Reduce points of contact
	10
	7
	70
	5
	50
	3
	30
	8
	80

	Circuit board should not be damaged by technician handling
	10
	8
	80
	6
	60
	6
	60
	7
	70

	Required Hardness
	3
	6
	18
	5
	15
	5
	15
	8
	24

	Inability to quality check holes without handling ceramic tile
	4
	8
	32
	7
	28
	8
	32
	8
	32

	Total Weighted Score
	 
	 
	323
	 
	254
	 
	260
	 
	336




[bookmark: _Toc102655386][bookmark: _Toc102662091][bookmark: _Toc102664675][bookmark: _Toc102665425]Table 4.31 Sample Decision Matrix Concepts Evaluation for the Function “Illumination bright enough to see pores after inking process”
	 
	 
	Concept 1
	Concept 2
	Concept 3
	Concept 5

	 
	 
	LED Chips
	Tile Sized lighting Source
	Adjustable Brightness of Lighting Source
	Portable LED boxes

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Back-light
	10
	9
	90
	10
	90
	8
	80
	7
	70

	Easily designed with CAD
	5
	7
	35
	9
	45
	6
	30
	5
	25

	Lighting system
	10
	9
	90
	9
	90
	7
	70
	6
	60

	Compact design
	4
	9
	36
	7
	28
	6
	24
	5
	20

	Light source to verify paste has been pulled through
	7
	7
	49
	8
	56
	6
	42
	5
	35

	Reduce points of contact
	8
	7
	56
	8
	64
	6
	48
	6
	48

	Photometer test
	5
	9
	45
	9
	45
	8
	40
	8
	40

	Inability to quality check holes without handling ceramic tile
	8
	7
	56
	8
	64
	6
	48
	6
	48

	Insufficient light to check pores
	9
	6
	54
	8
	72
	5
	45
	8
	72

	Total Weighted Score
	 
	 
	511
	 
	554
	 
	427
	 
	418



[bookmark: _Toc102655387][bookmark: _Toc102662092][bookmark: _Toc102664676][bookmark: _Toc102665426]Table 4.32 Sample Decision Matrix Concepts Evaluation for the Function “Able to be easily carried”
	 
	 
	Concept 1
	Concept 2
	Concept 3
	Concept 5
	Concept 6

	 
	 
	Stainless Steel Handles
	Plastic Handles
	Fabric Strap Handles
	Rigid Handles
Integrated
	Foldable Handles

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Light weight
	8
	6
	48
	8
	64
	9
	72
	10
	80
	8
	64

	Easily moved
	9
	8
	72
	8
	72
	6
	54
	8
	72
	8
	72

	Stack ability
	5
	5
	25
	4
	20
	6
	30
	9
	45
	6
	30

	Size (fit on desk)
	6
	7
	42
	7
	42
	7
	42
	8
	56
	8
	56

	Lightweight enough for one person to carry
	7
	7
	49
	8
	56
	8
	56
	8
	56
	8
	56

	Compact design
	6
	4
	24
	5
	30
	6
	36
	8
	48
	7
	42

	Total Weighted Score
	 
	 
	260
	 
	284
	 
	290
	 
	357
	
	320



[bookmark: _Toc102655388][bookmark: _Toc102662093][bookmark: _Toc102664677][bookmark: _Toc102665427]Table 4.33 Sample Decision Matrix Concepts Evaluation for the Function “Limited size/weight”
	 
	 
	Concept 1
	Concept 3
	Concept 4
	Concept 5

	 
	 
	Vacuum chuck
	Hollow Metal Boarders
	Compact Components
	Pump under table

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Light weight
	10
	8
	80
	8
	80
	9
	90
	6
	60

	Easily Moved
	9
	10
	90
	6
	54
	9
	81
	8
	72

	Operate from Work bench
	8
	10
	80
	7
	56
	9
	72
	9
	72

	Stack ability
	7
	9
	63
	6
	42
	9
	63
	9
	63

	Lighting system
	6
	10
	60
	2
	12
	9
	54
	8
	48

	Machining Equipment
	5
	8
	40
	3
	15
	7
	35
	6
	30

	Total Weighted Score
	 
	 
	413
	 
	259
	 
	395
	 
	361



[bookmark: _Toc102655389][bookmark: _Toc102662094][bookmark: _Toc102664678][bookmark: _Toc102665428]Table 4.34 Sample Decision Matrix Concepts Evaluation for the Function “Small enough to fit on workers’ desks”
	 
	 
	Concept 1
	Concept 3
	Concept 4
	Concept 5

	 
	 
	Ceramic board sized table
	External Pump System
	Small integrated pump
	Venturi Pump System

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Light weight
	10
	8
	80
	10
	100
	7
	70
	9
	90

	Easily Moved 
	9
	7
	63
	9
	81
	7
	63
	7
	63

	Less than 50 lbs.
	8
	6
	56
	10
	80
	6
	48
	8
	64

	Size (fit on desk)
	6
	4
	24
	10
	60
	8
	48
	6
	36

	Compact Design
	7
	5
	35
	10
	70
	6
	42
	6
	42

	Total Weighted Score
	 
	 
	258
	 
	391
	 
	271
	 
	295



[bookmark: _Toc102655390][bookmark: _Toc102662095][bookmark: _Toc102664679][bookmark: _Toc102665429]Table 4.35 Sample Decision Matrix Concepts Evaluation for the Function “Able to support the weight of multiple units”
	 
	 
	Concept 1
	Concept 2

	 
	 
	Small Component Design
	Material of High Tensile Strength

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score

	Stable Support
	8
	8
	64
	10
	80

	Office setting
	4
	7
	28
	7
	28

	Work bench
	3
	9
	27
	8
	24

	Stack ability
	9
	10
	90
	10
	90

	Machining Equipment
	5
	8
	40
	9
	45

	Total Weighted Score
	 
	 
	249
	 
	267



[bookmark: _Toc102655391][bookmark: _Toc102662096][bookmark: _Toc102664680][bookmark: _Toc102665430]Table 4.36 Sample Decision Matrix Concepts Evaluation for the Function “Shaped appropriately”
	 
	 
	Concept 1
	Concept 4
	Concept 6
	Concept 7

	 
	 
	2-Piece Design
	Slim design
	Pyramidal Shaped
	Pentagonal Shaped

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Climate controlled lab 
	5
	10
	50
	10
	50
	10
	50
	10
	50

	Work bench
	8
	10
	80
	10
	80
	10
	80
	10
	80

	Stack ability 
	4
	5
	20
	7
	28
	7
	28
	8
	32

	Corrosion Resistant
	10
	6
	60
	6
	60
	5
	50
	5
	50

	Machining Equipment
	10
	10
	100
	8
	80
	7
	70
	6
	60

	Compact design
	7
	7
	49
	10
	70
	8
	56
	8
	56

	Easy to maintain
	9
	6
	56
	8
	72
	8
	72
	4
	36

	Total Weighted Score
	 
	 
	415
	 
	440
	 
	406
	 
	384



[bookmark: _Toc102655392][bookmark: _Toc102662097][bookmark: _Toc102664681][bookmark: _Toc102665431] Table 4.37 Sample Decision Matrix Concepts Evaluation for the Function “Reduce one use consumables”
	 
	 
	Concept 1
	Concept 2
	Concept 3
	Concept 6

	 
	 
	Easily Cleaned Components
	Removable Top
	Usability Testing
	Cheese Cloth Bleeder Cloth

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Chemical resistant
	6
	7
	42
	8
	48
	4
	24
	7
	48

	Easy to clean
	10
	10
	100
	9
	90
	9
	90
	3
	30

	Less than 50 lbs.
	7
	5
	35
	6
	48
	3
	21
	4
	28

	Vacuum pressure holds down ceramic tile
	9
	4
	36
	4
	36
	8
	72
	6
	54

	Affordable cost
	10
	9
	90
	8
	80
	8
	80
	6
	60

	Ability to quality check holes without handling ceramic tile
	10
	5
	50
	10
	100
	6
	60
	6
	60

	Total Weighted Score
	 
	 
	353
	 
	402
	 
	347
	 
	280







[bookmark: _Toc102655393][bookmark: _Toc102662098][bookmark: _Toc102664682][bookmark: _Toc102665432]Table 4.38 Sample Decision Matrix Concepts Evaluation for the Function “Resistant to chemical solutions”
	 
	 
	Concept 4
	Concept 5
	Concept 7

	 
	 
	HDPE Top Panel
	Acrylic Top
	Chemically resistant coating

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Chemical Resistant
	4
	7
	28
	6
	24
	8
	36

	Easy to clean
	10
	8
	80
	7
	70
	6
	60

	Less than 50 lbs.
	7
	10
	70
	5
	35
	6
	42

	Vacuum pressure holds down ceramic tile
	7
	4
	28
	7
	49
	4
	28

	Light source to verify paste has been pulled through
	10
	8
	80
	10
	100
	3
	30

	Total Weighted Score
	 
	 
	286
	 
	278
	 
	196



[bookmark: _Toc102655394][bookmark: _Toc102662099][bookmark: _Toc102664683][bookmark: _Toc102665433]Table 4.39 Sample Decision Matrix Concepts Evaluation for the Function “Can be disassembled”
	 
	 
	Concept 1
	Concept 4
	Concept 5
	Concept 6

	 
	 
	Multiple Part Design

	Removable Acrylic Insert

	Removable Aluminum Insert

	Removable Ceramic Insert


	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Easy to clean

	10
	10
	100
	9
	90
	8
	80
	7
	70

	Corrosion resistant

	9
	8
	72
	9
	81
	7
	63
	6
	54

	Easily designed in CAD

	7
	8
	56
	8
	56
	6
	42
	7
	42

	Easy to operate

	8
	9
	72
	8
	64
	7
	56
	8
	64

	Easy to Maintain

	8
	9
	72
	8
	64
	8
	64
	8
	64

	Total Weighted Score
	 
	 
	372
	 
	355
	 
	305
	 
	294



[bookmark: _Toc102655395][bookmark: _Toc102662100][bookmark: _Toc102664684][bookmark: _Toc102665434]Table 4.40 Sample Decision Matrix Concepts Evaluation for the Function “Use a single 110-volt outlet for power”
	 
	 
	Concept 1
	Concept 2
	Concept 6
	Concept 8

	 
	 
	Prong Types

	Outlet Types


	Single Plug for Vacuum and Backlight

	Separate Vacuum Pump, Single Outlet for Backlight


	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Power Delivery

	10
	6
	60
	7
	70
	6
	60
	10
	100

	Ability to turn off power without unplugging

	8
	8
	65
	6
	48
	6
	48	
	9
	72

	Easily designed with CAD

	7
	7
	49
	6
	42
	6
	42
	9
	63

	Must satisfy power supply to operate machine

	8
	6
	48
	5
	40
	6
	48
	8
	64

	Total Weighted Score
	 
	 
	222
	 
	200
	 
	198
	 
	299



[bookmark: _Toc102655396][bookmark: _Toc102662101][bookmark: _Toc102664685][bookmark: _Toc102665435]Table 4.41 Sample Decision Matrix Concepts Evaluation for the Function “Provide power to each item individually”
	 
	 
	Concept 1
	Concept 4
	Concept 5
	Concept 6

	 
	 
	Tripp lite Power Switch
	Individually powered components
	On/Off Switch
	Distribution Block

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score
	Score
	Weighted Score

	Power Delivery

	10
	7
	70
	10
	100
	10
	100
	7
	70

	Ability to turn off power without unplugging

	9
	7
	63
	9
	81
	8
	72
	7
	63

	Must satisfy power supply to operate machine

	8
	7
	56
	8
	64
	7
	56
	7
	56

	Electrical Outlets for Power sources

	7
	8
	56
	8
	56
	6
	42
	6
	42

	Easy to operate
	7
	7
	49
	8
	56
	9
	63
	6
	42

	Total Weighted Score
	 
	 
	294
	 
	357
	 
	333
	 
	273


	
	
	




4.4 [bookmark: _Toc102662400][bookmark: _Toc102664984][bookmark: _Toc102665734]System Sketches and Description of Two Final Design
The group evaluated the concepts that would best suit a functional design that includes the most viable concepts. The GO/NO-GO tables, depicted in tables 4.6 to 4.23, were used to narrow these concepts down to determine the two best sets of concepts that can be implemented in two systems. Table 4.42 displays the selected sets for each system. Figures 4.151 and 4.152 are a visual representation of the finalized systems.
 
Figure 4.151 will be a square Aluminum structure with a removable transparent top. An LED tile will be set in the bottom of the fixture to provide light to the entire working surface. The vacuum pump will be an exterior unit, which is supplied by Ball Aerospace. Opting for an exterior vacuum pump will save a lot of space and weight for this design. This also helps this design become more portable and stackable. Being compact, with a reduced weight, improves the overall ergonomics of the device. There will be multiple ports drilled into the vacuum chamber to ensure uniform vacuum is pulled to the entire tile as well. These ports will be joined with a flexible tubing and routed to a single inlet port mounted on the same face as the switch. With a side mounted on/off switch, the technician can easily turn off the LED tile between operations. The option for integrating the handles into the side of the structure fits this design very well. The use of a bleeder cloth between the ceramic tile and working surface will assist in capturing excess conductive paste that is pulled through the tile during application.
















	
	
	




Figure 4.151 displays the first semester final design drawing of the projected model as it was in its early stages of development. The model has since been refined to better accommodate the changes in its current capacity. 

[image: ]
[bookmark: _Toc102412370][bookmark: _Toc102654006][bookmark: _Toc102662274][bookmark: _Toc102664858][bookmark: _Toc102665608]Figure 4.151 System Sketch of Final Design 1



Figure 4.152 will be a rectangular HDPE plastic base board and vacuum chamber with the top layer being a porous bleeder board/ cloth to help support the ceramic tile. An external vacuum pump will be used as Ball Aerospace already has these units available for use. This compact design has three main layers that can all be disassembled along with integrated LED chips in the channel top, because of this the bleeder board must be made of a material that allows light to pass through it. 


[image: ]
[bookmark: _Toc102412371][bookmark: _Toc102654007][bookmark: _Toc102662275][bookmark: _Toc102664859][bookmark: _Toc102665609]Figure 4.152 System Sketch of Final Design 2
Figure 4.152 displays a provisional prototype of the Backlit Vacuum, as the previously stated the model has gone through more redesigns and improvements.

	Table 4.42 highlights the specific concepts chosen in the Decision Matrix tables and associates which system each of the concepts is used in.

[bookmark: _Toc102655397][bookmark: _Toc102662102][bookmark: _Toc102664686][bookmark: _Toc102665436]Table 4.42 Selected Concepts for Specific Systems
	
	System 1
	System 2

	Sub-Functions
	Concepts
	Concepts

	Pull a uniform vacuum
	Cylindrical shaped cone
	Liquid Ring Vacuum pump

	Reduce contact with part
	Thin Vacuum Table design
	Standard Vacuum Table

	Reduce shifting/movement of part
	Uniform Suction
	Bleeder board

	Ensure no voids in pores
	Lighting system
	Porous material for even vacuum

	Reduce number of passes performed by workers
	Flat Vacuum Top with Holes
	Channeled Vacuum Top

	Verifies the efficiency of the ink application and vacuum
	Flexible LED boards
	LED chips

	Reduce handling from technicians
	Moveable Top Plate
	Basic Vacuum Table

	Illumination bright enough to see pores after inking process
	Tile Sized lighting Source
	LED Chips

	Able to be easily carried
	Ridged Handles Integrated
	Foldable Handles

	Limited size/weight
	Vacuum chuck
	Compact Components

	Small enough to fit on workers’ desks
	External Pump System
	External Pump System

	Able to support the weight of multiple units”
	Material of High Tensile Strength
	Small Component Design

	Shaped appropriately
	2-Piece Design
	Slim design

	Reduce one use consumables
	Removable Top
	Removable Top

	Resistant to chemical solutions
	Acrylic Top
	HDPE Top Panel

	Can be disassembled
	Removable Acrylic Insert

	Multiple Part Design

	Use a single 110-volt outlet for power
	Separate Vacuum Pump, Single Outlet for Backlight
	Separate Vacuum Pump, Single Outlet for Backlight

	Provide power to each item individually
	On/Off Switch
	On/Off Switch





	In this section the two systems created from the developed concepts are evaluated to see which of the two will be the preferred design when moving forward in the project. The group did this by collecting the two highest weighted concepts from each of the 18 Decision Matrix and compile them into another Decision Matrix for the two systems. Then each of the criteria are weighted and the scores are tallied the same way as section 4 of the status report to find the total weighted score. The System with the highest total weighted score is then chosen as the preferred system.

Table 4.43 displays the two highest weighted criteria from each of the Decision Matrix Tables in section 4 (Tables 4.21- 4.38), with all these criteria the final score of the two systems were collected with System 1 being the highest rated out of the two.

[bookmark: _Toc102655398][bookmark: _Toc102662103][bookmark: _Toc102664687][bookmark: _Toc102665437]Table 4.43 Sample Decision Matrix Concepts Evaluation for the Final Systems
	 
	 
	System 1
	System 2

	Criteria/Requirements
	Weight
	Score
	Weighted Score
	Score
	Weighted Score

	Vacuum Pump/Table system
	10
	10
	100
	10
	100

	Accurate Vacuum Sensibility
	9
	10
	90
	8
	72

	Light Source to verify paste has been through
	10
	9
	90
	9
	90

	Reduce Points of Contact
	10
	9
	90
	10
	100

	Size
	9
	8
	72
	6
	54

	Stable Support
	8
	9
	72
	7
	56

	Vacuum Suction
	9
	8
	72
	8
	72

	Lightweight enough for one person to carry
	8
	9
	72
	7
	56

	Easy to Operate
	10
	9
	90
	8
	80

	Electrical Outlets for Power sources
	8
	9
	72
	9
	72

	Insufficient light to check pores
	9
	8
	72
	7
	63

	Surface coating for apparatus
	8
	8
	64
	7
	56

	Reduce points of contact
	10
	9
	90
	9
	90

	Circuit board should not be damaged by technician handling
	10
	10
	100
	10
	100

	Back-light
	10
	9
	90
	9
	90

	Lighting system
	10
	10
	100
	10
	100

	Easily moved
	9
	9
	81
	9
	81

	Corrosion Resistant
	10
	7
	70
	9
	90

	Machining Equipment
	10
	8
	80
	8
	80

	Ability to quality check holes without handling ceramic tile
	10
	9
	90
	9
	90

	Affordable cost
	10
	8
	80
	6
	60

	Light source to verify paste has been pulled through
	10
	9
	90
	9
	90

	Vacuum pressure holds down ceramic tile
	9
	9
	81
	9
	81

	Must satisfy power supply to operate machine
	8
	8
	64
	8
	64

	Corrosion resistant
	9
	7
	63
	9
	81

	Easy to clean
	10
	9
	90
	9
	90

	Ability to turn off power without unplugging
	9
	10
	90
	10
	90

	Power Delivery
	 10
	 10
	100
	 10
	100

	Total Weighted Score
	
	
	2315

	
	2248



	
	
	




4.5 [bookmark: _Toc102662401][bookmark: _Toc102664985][bookmark: _Toc102665735]Design Constraints and Applicable Codes and Standards Used in Design
Raw or semi-finished products like aluminum and ceramics may be used in our design. The choice is usually founded on cost, but the final quality could be disturbed by the manufacturing techniques. Some standards may be used to guarantee the absence of defects, Leaks, and impurities. For this reason, some codes and techniques can be followed:


Joining techniques: all kinds of leaks are usually caused by improper joining technique. At this phase of the design, all joints need to identify if they will be assembly dismountable or not. If yes, another question can be how often. This identification can determine the joint type and if it will be sealing or flanges

Flanges: those can be manufactured for a specific need but in general there are plenty of them available on the market and they are industry standards. Most of the design concepts do not require high force for bolting. On the other hand, the seal must be rigid and all surfaces in contact must plasticize to ensure tightness.

Pipe Taping: is the most used application in similar processes. 8 tight layers must be applied at a constant force and a 90 degrees angle to the pipe or fitting it is applied to.

Cleanliness: Each material chosen will have its own cleaning process according to the job of the part and the temperature it will be exposed to. Avoiding any kind of oil is mandatory since it is exceedingly difficult to remove.

The manufacturing and assembly process can affect the entire quality level of the apparatus. A superior design can be the first step to ensuring the high quality of the product. The starting point would be including the codes and the standards along with the technical specification in the drawings using international standards. Since regular inspections cannot be performed at this stage, still selecting an ISO 9001:2000 certified manufacturer specialist to work on our material is necessary. 
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Outcome Measured Using this Assignment
Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor





Check the engineering design characteristics related to this assignment
	
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need

	
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity 

	√
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.
DETAILED SYSTEM DESIGN
5.1 Identification and Plans for Types of Analysis Needed for the Design
5.2 Detailed Engineering Analysis and Simulation for Designing, Sizing, Specifying and
Selecting Parts for the Design
5.3 CAD Models, Detailed Drawings, Sub-assemblies, System Assembly and Equipment
specifications and selection
5.3.1 3D CAD Models of Parts
5.3.2 3D CAD Model over Sub-Assemblies
5.3.3 3D CAD Model over Complete System Assembly
5.4 Economic Analysis 
5.5 Consideration of Design Factors
5.6 Economic Analysis and Summary of Detailed Project Budget

	√
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    5.5	Consideration of Design Factors	

	
	√
	Public health

	
	√
	Safety and welfare

	
	√
	Global factors

	
	√
	Cultural factors

	
	√
	Social factors

	
	√
	Environmental factors

	
	√
	Economic factors

	
	Involves fabrication and testing of model or prototype


Brief  justification of why this assignment is suitable for this outcomeThis section of the final report demonstrates  the students’ ability to perform detailed design by performing engineering analysis and simulations  for the selection of system components, generating cad models and engineering drawings of system parts, providing detailed specifications of components, performing economic analysis on project cost, fabrication and testing of the system designed.  







5. [bookmark: _Toc102662402][bookmark: _Toc102664986][bookmark: _Toc102665736]Detailed System Design
This chapter identifies and depicts the plan for the different types of analysis that need to be conducted in order to effectively generate a design for the components of the backlit a vacuum table. Along with this, the actual engineering analysis, calculations, and simulations are completed. In addition to this CAD models are created for each of the components needed to create an assembly of the entire design. The last section of this chapter includes a list of the applicable engineering codes and standards used when creating the CAD models for the design along with the economic analysis associated with the parts that may be purchased to create prototypes for the design.

5.1 [bookmark: _Toc102662403][bookmark: _Toc102664987][bookmark: _Toc102665737]Identification and plans for types of Analysis needed for the Design
This section of the report helped the group prove out specific ideas through proper analysis. A few key points to be noted were, chemical compatibility charts are a necessary tool in material selection. Referring to section 3.8 Codes and Standards based on Ball Aerospace specifications we can better view the quality control and proper points to focus on testing analysis as seen in conducting hand calculations are a tool of the past (Finite element analysis tools are the route of the future, they require less engineering time and have vast capabilities that allow a student to perform multiple tests in a shorter time frame. This is much closer to the expectation of the industry; machining capabilities of the materials are a necessity when trying to select proper materials. General industry assumptions do not have to be proven out with every fixture design. Aluminum is a very commonly used fixture material that doesn't require much FEA to justify its ability.  Understanding the types of analysis and how to exactly perform them was quite challenging, as the appropriate testing equipment isn't always available, meaning FEA becomes crucial. The compressive force of stacking multiple fixtures on top of one another is easily accounted for in aluminum's structural integrity. Using standard loading analysis equations, it was determined that the dimensions used here as suitable for this task. It may appear as though the design is a bit excessive but one of the major tasks here is for the fixture to stay in place, without extra clamping methods necessary, while the technician performs their operations.  The fixture needed to be under 50 lbs. but still weighed enough to resist shifting around. 

	This section includes a list of the different types of analysis needed for the design of the backlit vacuum table. The analysis types are presented in Table 5.1, where the specific components of the design are tied to their specific analysis types, subject area of the analysis, and the reference from which the information of the analysis is obtained.







[bookmark: _Toc102655399][bookmark: _Toc102662104][bookmark: _Toc102664688][bookmark: _Toc102665438]Table 5.1 Summary of System Components, Types of Analysis needed, Subject Areas and Reference Sources used for the Design Analysis of the Components
	Item #
	System Component or part description
	Description of analysis needed for the design, sizing, specifying or selecting component
	Subject Area
	Reference Source for Analysis

	5.2.1
	Vacuum Chamber
	Surface area, Vacuum Pressure, Machine Design, Manufacturing design
	Thermodynamics/
Machine design
	Thermodynamics An Engineering Approach

	5.2.2
	Structural Material
	Machine design, Mechanics of Materials, Statics, Fluid Mechanics
	Mechanics of Materials/Statics/
Finite Element/
Machine design/Special Analysis/Manufacturing Process
Fluid Mechanics
	Mechanics of Materials

	5.2.3

	Polycarbonate Top Plate
	Fluid Density, Density, Mass, Volume, Pressure
	Finite Element/Fluid Dynamics/Mechanics of Materials
	Fundamentals of Fluid Dynamics

	5.2.4
	LED Tile
	Surface Area, Heat conduction, Lux meter
	Machine Design/ Heat Transfer
	Machine Design

	5.2.5
	Dimensional Analysis
	Surface area, mass weight
	Measurements Lab/ Mechanics of Materials
	Mechanics of Materials




Approval by Project owner: Name___________________ Signature _______________


5.2 [bookmark: _Toc102662404][bookmark: _Toc102664988][bookmark: _Toc102665738]Detailed Engineering Analysis and Simulations for Designing, Sizing, Specifying, and selecting Parts for Design

There are many methods that can be utilized when performing an analysis of a project. In fact, many were used in this design process. It is particularly important to provide a thorough analysis before starting any machining, as this can prevent wasting material and time on mistakes. Luckily, there is a plethora of software available to Engineers to double check any questions about design. Material, density, young’s modulus, and many parameters can be input into these programs to ensure the proper results are formulated. An engineer just needs to know when and how to spot when something is wrong. Therefore, the engineering process is such a fundamental knowledge set to have. Below, details can be found about flow analysis, static loading, as well as an analysis that was performed which saved the group from utilizing a material that was not going to work. 

5.2.1 [bookmark: _Toc102662405][bookmark: _Toc102664989][bookmark: _Toc102665739]Analysis of Vacuum Table to determine even fluid flow 

Vacuum Chamber: The Vacuum chamber is one of the most essential components of the overall design for the project. The vacuum chamber’s purpose is to enclose around the area of the ceramic tile that will be sectioned off by the suction force that is being applied by the chamber to the underside of the tile. Doing so will pull the conductive paste that has been applied by the technicians through the pores of the tile to evenly distribute and coat the tile.

a. Process Diagram and Free Body Diagram (FBD)
Figure 5.1 displays the process in which the air flow is determined to flow via the tubbing's, and fittings
[image: ]
Figure 5.1 Free Body Diagram of Vacuum Chamber
For the following analysis, Fluid Flow (CFX) analysis, that was done using the Ansys Simulation Software. Ansys software was used to determine the physical forces that will be conducted through the model system using the proposed vacuum chamber as the medium for testing purposes. The data demonstrates the realistic potential ability for the proposed model to properly allow “Flow” through its proper channels. The following figures display the results that were extrapolated from the CAD models that were made last semester.

Figure 5.2 displays the inferred distribution of air flow that will be pulled within the area via Vacuum pull with an offset of 1-inch margins around the perimeter of the model.

[image: ]
[bookmark: _Toc102654009][bookmark: _Toc102662277][bookmark: _Toc102664861][bookmark: _Toc102665611]Figure 5.2 Enclosure

Figure 5.3 displays the direction in which air flow will be pulled in through the suction force of the vacuum  

[image: ]
[bookmark: _Toc102654010][bookmark: _Toc102662278][bookmark: _Toc102664862][bookmark: _Toc102665612]Figure 5.3 Inlet






Figure 5.4 displays the direction in which air flow will leave the system.

[image: ]
[bookmark: _Toc102654011][bookmark: _Toc102662279][bookmark: _Toc102664863][bookmark: _Toc102665613]Figure 5.4 Outlets

 
Figure 5.5 depicts the “open” area for the model where the atmospheric air flow is circulated.

[image: ]
[bookmark: _Toc102654012][bookmark: _Toc102662280][bookmark: _Toc102664864][bookmark: _Toc102665614]Figure 5.5 Openings








Figure 5.6 depicts the wall boundary where the air flow is negligible. This is the bottom surface of the model 

[image: ]
[bookmark: _Toc102654013][bookmark: _Toc102662281][bookmark: _Toc102664865][bookmark: _Toc102665615]Figure 5.6 Walls

Figure 5.7 illustrates the determined air pressure that was within working parameters for the vacuum chamber. This was done to efficiently demonstrate its ability to suction off the conductive paste within a reasonable region of safety to prevent deformation on the ceramic tile. 

[image: ]
[bookmark: _Toc102654014][bookmark: _Toc102662282][bookmark: _Toc102664866][bookmark: _Toc102665616]Figure 5.7 Streamline Air Flow

b. Example of Analysis with governing equations for fluid flow

These are the governing equations for flow through a media or group of capillaries.  Due to only finding out about the new material we should be using, we will use Ansys to provide an image of the actual flow and calculations once we get that information from the supplier.  

Poiseuille’s equation for viscous flow in a cylindrical tube is a well-known equation
[image: ]
Where:
· v = fluid velocity, cm/sec
· d = tube diameter, cm
· ∆P = pressure loss over length L,
· μ = fluid viscosity, centipoise
· L = length over which pressure loss is measured, cm
A more convenient form of Poiseuille’s equation is
[image: ]
	It is assumed that the rock consists of more tubes in different groups with different radiuses, total flow rate from this system by using
[image: ]
Example flow problem with equations.  The group chose to use Ansys for a more thorough analysis with visual.
	Consider a horizontal flow in a circular pipe. Assume a disc shape element of the fluid in the middle of the cylinder that is concentric with the tube and with radius equal to rw and length equal to ∆L. The forces on the disc are due to the pressure on the upstream and downstream face of the disc and shear force over the rim of the element.


Figure 5.8 displays the theorized air flow through a pipe as this replicate the same procedure of our experiment

[image: Flow through a Pipe]
[bookmark: _Toc102654015][bookmark: _Toc102662283][bookmark: _Toc102664867][bookmark: _Toc102665617]Figure 5.8 Flow through a Pipe

According to the steady state condition:
[image: ]
After simplification
[image: ]
According to the shear stress definition and using equation below and then rearranged and integration on both sides
[image: ]
Maximum velocity at r=0 so
[image: ]
For viscous flow in the cylindrical tube
[image: ]
[image: ]
d = 2rw , so after rearrangement
[image: ]
So, it is not correct to use the Poiseuille’s equation for flow in the porous media.

In 1856, D’ Arcy (commonly known as Darcy) developed a fluid flow equation that has since become one of the standard mathematical tools of the petroleum engineer. He investigated the flow of water through a sand filter for water purification. Darcy interpreted his observation to yield result essentially as following equation:
[image: ]
Here Q represents the volume rate of flow of water downward through the cylindrical sand pack of cross-sectional area A and height h and K is a proportionality constant. The sand pack was assumed to be fully saturated with water. Later investigator found that Darcy’s law could be extended to other fluid as well as water and that the constant of proportionality K could be written as (K / μ). The final form of the Darcy equation for horizontal linear flow of an incompressible fluid is established through a core sample of length L and a cross-section of area A is
[image: ]
Where:
· K = Proportionality constant or permeability, Darcy’s
· μ = Viscosity of flowing fluid, cp
· ( dP / dL ) = Pressure drop per unit length, ( atm / cm )
· Q = Volumetric flow rate, ( cm3 / sec )
This is a linear law, similar to Newton’s law of viscosity, Ohm’s law of electricity, Fourier‘s law of heat conduction, and Fick’s law of diffusion.
Substituting the relationship u = Q/A, in results in
[image: ]

[image: ]
One Darcy is a high permeability as the permeability’s of most reservoir rocks are less than one Darcy. To avoid the use of fractions in describing permeability’s, the term millidarcy is used. As the term indicates, one millidarcy, i.e., 1 md, is equal to one-thousandth of one Darcy. The negative sign in the equation is necessary as the pressure increases in one direction while the length increases in the opposite direction. [5]


c. Values of known variables

During much of the analysis, an assumed surface material was Polycarbonate, upon an Ansys analysis and comparison with a chemical compatibility table, it was determined that this was no longer a viable option. Details of another option were finally shared with the group the day the presentation was due. Further analysis using Ansys, an Aerometer, pressure gauge and these equations will be performed once the group can get a response from Porvair. The new material is a porous plastic that would be a much more viable option.

d. Method of computation

Ansys, hand calculations and testing equipment.

e. Specification of part

f. Surface Area
[image: ]
This is the surface are of the inside of the fixture, including the surface area of the opening in mm^2. 89821.21 was pulled from NX and the 190.5mm x 190.5mm = 36290.25mm^2.  Converted to meters is 0.1261 m^2.   

· This analysis was done to determine the fluid flow of the ideal gas in this case being Air throughout the system of the model. Due to time constraints as well as not having received the tools to determine air flow as stated before this is what the engineering analysis is consisted of in relation to the Ansys Software. We will be conducting additional testing with the newly acquired tools in our disposal to complete our analysis. The Anemometer is used to calculate wind speed and pressure it can ascertain the data needed to determine if our model successfully pulls vacuum suction through the experimental medium. This is done to simulate effects on the ceramic tile and the conductive paste.

5.2.2 [bookmark: _Toc102662406][bookmark: _Toc102664990][bookmark: _Toc102665740]Analysis to determine if multiple units could be stacked (aluminum)

	In this subsection, a complete analysis of the structure of the body of the vacuum table was done. The working material that was used for this analysis was aluminum in order to determine if it would be a good fit for the design.

The structural integrity is the most essential part in the creation of this product. The group needs to ensure that the product can safely be stacked. The ability to be stacked is important because it will allow the technicians to free up space on their desks, which would improve production. The group is using Fusion 360 and some equations to verify the safety of the product when stacked. To verify this, we used a force of 100 lbs. across the upper layer. This force is equivalent to 4 products being stacked on its top.
a. Process Diagram and Free body Diagram (FBD)
Figure 5.9 displays Load distribution on the top surface of the main body fixture as it is the first point of contact from the top

[image: ]
[bookmark: _Toc102654016][bookmark: _Toc102662284][bookmark: _Toc102664868][bookmark: _Toc102665618]Figure 5.9 FBD of Load Distribution

b. Values of know variables
The known variables are the grade of aluminum, the amount of force required to withstand and the direction of said forces. With the knowledge of the grade of aluminum many of its properties are known such as density modulus of elasticity, maximum stress. The point at which buckling/ failure occurs and many others.
c. Fusion 360 analysis

[bookmark: _Toc102662285][bookmark: _Toc102664869][bookmark: _Toc102665619]Figure 5.10 DOF of Model[image: ]



[image: ]Figure 5.10 is the analysis conducted on Fusion 360, the DOF determine the movement of the system in relation to our model it has no moving parts.

[bookmark: _Toc102654018][bookmark: _Toc102662286][bookmark: _Toc102664870][bookmark: _Toc102665620]Figure 5.11 Fusion 360 Analysis with Max/Min Safety Factor


Figure 5.11 displays the maximum allowable load bearing stress of the model as it determines the factor of safety before causing damage to the material.

The product can withstand the force with a maximum and minimum safety factor of 15. This proves that machining the part out of solid aluminum is a viable and recommended option.

5.2.3 [bookmark: _Toc102662407][bookmark: _Toc102664991][bookmark: _Toc102665741]Analysis of Polycarbonate Top Plate to determine Simulated Air Flow of Potential Material:

	In this subsection, a complete analysis of the top plate of the vacuum table. In this analysis the working material used is polycarbonate

Polycarbonate (Pc):

A thermoplastic polymer that is nearly comparable to glass in terms of transparency. The material was chosen as a more durable substitute for glass as well as being more affordable. The material is more easily machined and customized in the manufacturing lab that is available at the Architecture building. The benefits of polycarbonate polymer, just to name a few, are as follows:
· Weighs less
· Stronger than normal glass
· Cheaper to manufacture
· More durable (less likely to break due to handling)


The following is the analysis that was done to a similar sheet of Polycarbonate which was tested using the Finite Element Method via Ansys:
In this image the polycarbonate is measured at 8x8 inch with a thickness measured at 1/4 inch. However due to some complications when using Ansys the image does not display the correct measurement for the pores diameter and spacing in this image the current measurements used to accommodate for the lack of processing power we resize the size to be (8-1/2 x 8-1/2) and the hole diameter to be 1.5 mm and the spacing between each hole pattern to be around 2.5 mm. The analysis for the polycarbonate is as follows:

[image: ]
[bookmark: _Toc102654019][bookmark: _Toc102662287][bookmark: _Toc102664871][bookmark: _Toc102665621]Figure 5.12 Space Claim Not Responding


Figure 5.12 displays a problem we faced when modeling this component of our model in the Ansys software. The Software could not process this design which is a replicate of the ceramic tiles that are used by Ball Aerospace.

This image is based on the original design. However, due to complications from the Ansys program not working we had to readjust the measurements to not overload Ansys. 

Hand Pressure:

The hand pressure is considered due to the pressure when applying the conductive ink onto the ceramic tile as it is transferred through different mediums. From further research we have found on average the force that comes from the hand is around 30-110 N

· 65 Pa = 6.5e-6 Mpa
· 
-
-
-
- [6]
-
-
-
-

Fluid Density:

For the analysis of the polycarbonate, we had to do hydrostatic analysis on the top surface of the Board to determine the properties that would act on the board alongside other forces. The fluid density used in analysis was a substitute from the actual substance that is used, and due to proprietary reasons, we cannot disclose any other information. What can be revealed is a material that has similar consistency to the known material and use it for our simulation, that which is Peanut Butter. Peanut butter has a similar viscosity and consistency to the conductive ink that is used during the application process after it has been mixed with an exclusive thinning agent. From further research we have been able to identify the density of peanut butter (smooth) which came out to be 1.0905 g/m3, this would be the density used in the program. However, the density calculated based on our data was found to be 0.215 m-2s-2 this data is based on current assumptions, this may change as needed.
· p=m/v [7]
p=density
m= mass
v= volume
-
·  [8]
m= mass
f= force
a= acceleration
m= (65 N) * (0.0098 mm/s2) = 0.0637 mm/s2
-
·  [9]
v= volume
l= length
w= width
h= height -thickness of board
-


[image: ]
[bookmark: _Toc102654020][bookmark: _Toc102662288][bookmark: _Toc102664872][bookmark: _Toc102665622]Figure 5.13 Polycarbonate Design-Side Profile

Figure 5.13 is a redesign of the previous failure. Here the pores were resized to be larger that way we could conduct a Stress test on the tile.












Total Deformation:
[image: Graphical user interface

Description automatically generated]
[bookmark: _Toc102654021][bookmark: _Toc102662289][bookmark: _Toc102664873][bookmark: _Toc102665623]Figure 5.14 Total Deformation Side View



[image: ]
[bookmark: _Toc102654022][bookmark: _Toc102662290][bookmark: _Toc102664874][bookmark: _Toc102665624]Figure 5.15 Total Deformation Front View


Figure 5.15 displays the total deformation from the front to demonstrate the dispersal of force throughout the tile.
[image: ]
[bookmark: _Toc102654023][bookmark: _Toc102662291][bookmark: _Toc102664875][bookmark: _Toc102665625]Figure 5.16 Total Deformation Back View


Figure 5.16 displays the back side of the model where the force is localized in the center. The center is where the deformation is largest meaning, we would have to reinforce the center to prevent any damage to the tile.


Total Stress:
[image: ]
[bookmark: _Toc102654024][bookmark: _Toc102662292][bookmark: _Toc102664876][bookmark: _Toc102665626]Figure 5.17 Total Stress Side View


[image: ]
[bookmark: _Toc102654025][bookmark: _Toc102662293][bookmark: _Toc102664877][bookmark: _Toc102665627]Figure 5.18 Total Stress Front View

Figure 5.18 displays the total stress from the front face. The stress again is centered in the middle displaying potential damage if left untreated.


[image: ]
[bookmark: _Toc102654026][bookmark: _Toc102662294][bookmark: _Toc102664878][bookmark: _Toc102665628]Figure 5.19 Total Stress Back View

Figure 5.19 displays the total stress from the back where it simulates the acting force on the tile is more strained in the center


5.2.4 [bookmark: _Toc102662408][bookmark: _Toc102664992][bookmark: _Toc102665742]Analysis of Heat Emission from LED 

Due to Ball Aerospace being a government contractor who works specifically with defense contracts. Specifications, including the conductive ink are proprietary. The industrial advisor for this project, Ms. Decker, could only provide an approximation of the maximum operating temperature of the conductive ink that will be used to fill the ceramic boards. This value is 120 degrees Fahrenheit. The specifications provided for the numerous LED tile/panel companies only included input/output voltage, color temperature, wattage, lumens, dimming capacities, and dimensions, but not operating temperatures. 

The group was left to reach out to manufacturers. Below are examples of the spec sheet of a flexible LED sheet and LED panel, which provides an idea of the operating temperature. This gives a range of what to expect from the thermal output of LED sheets/tiles/panels. 

[image: ]
[bookmark: _Toc102654027][bookmark: _Toc102662295][bookmark: _Toc102664879][bookmark: _Toc102665629]Figure 5.20 Example spec sheet of LED sheet


Figure 5.20 is a sample picture of the LED tile that will be used for our project. Our LED tile is a custom order that fit our desired dimensions for the vacuum chamber

[image: ]
[bookmark: _Toc102654028][bookmark: _Toc102662296][bookmark: _Toc102664880][bookmark: _Toc102665630]Figure 5.21 General Summary of Product Specifications for Standard LED Panel

Figure 5.21 is the detailed specifications of the LED tile which satisfies our needs



 The team reached out to the project manager for CPD lighting who contacted their manufacturer and emailed a statement detailing the operating temperature of 90 degrees Fahrenheit as an average. To receive a more specific value for the operating temperature regarding the selected customizable LED panel, product details from GLLS (Green LED Lighting Systems) are displayed in figure 5.15. The maximum operating temperature is 104 degrees Fahrenheit. This value is below the maximum operating temperature of the conductive ink, 120 degrees Fahrenheit, which is used by Ball Aerospace and therefore validates the selection of the custom LED light panel selected. 

5.2.5 [bookmark: _Toc102662409][bookmark: _Toc102664993][bookmark: _Toc102665743]Analysis of Universal-Thread Push-to-Connect Tube Fittings

[image: ]
[bookmark: _Toc102654029][bookmark: _Toc102662297][bookmark: _Toc102664881][bookmark: _Toc102665631]Figure 5.22 Air Fitting Tee CAD model


Figure 5.22 is the TEE fitting that will used for our model to connect the tubes top allow airflow 
 
CFD analysis was performed in ANSYS to determine the pressure and forces exerted by the fluid flow on fitting internal walls. When the fluid passes through this fitting, it will exert some significant forces, and stresses will generate in the inner walls; after calculating the forces that will act on the walls due to flowing fluid. The pressure data imported in FEA solver to compute the safety factor of the product. The working fluid is air in this system, and it will be flowing at 10 psi pressure in all fittings as well as pipes of this machine. The SST k-omega viscous model was used for conducting the CFD study because it’s a turbulent flow problem. The air is used as working fluid during CFD analysis, entering the model at 10 psi pressure. The coupled algorithm assigned to the solver and governing equations convergence criteria set to 1E-6 residuals. 

[image: ]
[bookmark: _Toc102654030][bookmark: _Toc102662298][bookmark: _Toc102664882][bookmark: _Toc102665632]Figure 5.23 Pressure Distribution on the Inner Walls
Figure 5.23 is the tested air pressure distribution ion the Tee fitting


[image: ]
[bookmark: _Toc102654031][bookmark: _Toc102662299][bookmark: _Toc102664883][bookmark: _Toc102665633]Figure 5.24 Pressure Acting on the Model Walls
Figure 5.24 displays the pressure around the walls of the Tee Fitting

[image: ]
[bookmark: _Toc102654032][bookmark: _Toc102662300][bookmark: _Toc102664884][bookmark: _Toc102665634]Figure 5.25 Velocity impact on model walls


Figure 5.25 displays the velocity of the air as it moves through the Tee Fittings system
 
The maximum air velocity noticed inside the fitting is 341.4 m/s, and 67836 Pa is the maximum pressure observed at the fitting fluids entrance walls. Then, these pressure loads, which are acting on fitting walls imported into Ansys FEA solver to calculate the von-misses stress that will generate in the product walls as well as the overall safety factor when fluid will pass from it at 10 psi. We used steel fittings in our machine. Forces acting on internal walls due to fluid flow obtained from pressure loads on fitting walls that were computed from CFD analysis.

[image: ]
[bookmark: _Toc102654033][bookmark: _Toc102662301][bookmark: _Toc102664885][bookmark: _Toc102665635]Figure 5.26 Imported pressure loads


Figure 5.26 displays the pressure loads around the openings of the Tee fitting
 
The maximum pressure exerted by flowing fluid on the walls is 0.0667 MPa.
 
[image: ]
[bookmark: _Toc102654034][bookmark: _Toc102662302][bookmark: _Toc102664886][bookmark: _Toc102665636]Figure 5.27 Von-misses stress
Figure 5.27 displays the total stress throughout the Tee Fitting
[image: ]
[bookmark: _Toc102654035][bookmark: _Toc102662303][bookmark: _Toc102664887][bookmark: _Toc102665637]Figure 5.28 Total Deformation


Figure 5.28 displays the total deformation of the Tee fitting; the pressure is focused on the intersection of the Tee Fitting, but this does not cause any problems as the total psi will be no more than 15 psi.
 
[image: ]
[bookmark: _Toc102654036][bookmark: _Toc102662304][bookmark: _Toc102664888][bookmark: _Toc102665638]Figure 5.29 Safety Factor



Figure 5.29 displays the Safety factor for the Tee Fitting as to prevent damage and prevent any loss in psi, as well as price if it were needed to be replaced
 
The maximum equivalent stress developed in the model is 0.189 MPa, maximum deformation is 3.1E-6 mm, and the safety factor is greater than 15. It’s a very safe-fitting design to deploy.  

Table 5.2 Tee Fitting specifications [10]
[image: ]
The maximum operating pressure that can develop during machine running conditions is 10 psi, while this fitting can tolerate a load up to 250 psi.

5.2.6 [bookmark: _Toc102662410][bookmark: _Toc102664994][bookmark: _Toc102665744]Industrial Quick-Disconnect Hose Coupling for Air

[image: ]
[bookmark: _Toc102654037][bookmark: _Toc102662305][bookmark: _Toc102664889][bookmark: _Toc102665639]Figure 5.30 Q/D Fitting 1/4” NPT CAD Model

The same procedure (as discussed for last part) applied to perform CFD and FEA analysis on this fitting model.
[image: ]
[bookmark: _Toc102654038][bookmark: _Toc102662306][bookmark: _Toc102664890][bookmark: _Toc102665640]Figure 5.31 Pressure Distribution in the Model Walls
Figure 5.31 similar. To the data displayed for the Tee fitting this shows the Q/D fitting’s distribution of pressure

[image: ]
[bookmark: _Toc102654039][bookmark: _Toc102662307][bookmark: _Toc102664891][bookmark: _Toc102665641]Figure 5.32 Fluid Velocity Distribution inside the Fitting

Figure 5.32 displays the Fluid velocity as it goes through the Q/D fitting the velocity increase as it becomes more 

[image: ]
[bookmark: _Toc102654040][bookmark: _Toc102662308][bookmark: _Toc102664892][bookmark: _Toc102665642]Figure 5.33 Fluid Pressure Variation


Figure 5.33 displays the opposite information as the pressure is greater in the more open area of the Q/D fitting


[image: ]
[bookmark: _Toc102654041][bookmark: _Toc102662309][bookmark: _Toc102664893][bookmark: _Toc102665643]Figure 5.34 Equivalent Stress


Figure 5.35 displays the total stress through the Q/D fitting as a static structure

[image: ]
[bookmark: _Toc102654042][bookmark: _Toc102662310][bookmark: _Toc102664894][bookmark: _Toc102665644]Figure 5.35 Total Deformation


Figure 5.36 displays the total deformation of the Q/D fitting no significant deformation on the fitting, as it is in safe parameters


[image: ]
[bookmark: _Toc102654043][bookmark: _Toc102662311][bookmark: _Toc102664895][bookmark: _Toc102665645]Figure 5.36 Safety Factor

The model generates a maximum equivalent stress of 0.456 MPa, a maximum deformation of 9.86E-6 mm, and a safety factor larger than 15. It's a very safe design to deploy. The fitting's maximum air velocity is 333.72 m/s, and the fitting's maximum pressure is 68517 Pa at the fitting's fluid entry walls. The greatest operational pressure that may occur during normal machine operation is 10 psi, however this fitting is capable of withstanding loads of up to 300 psi.

Table 5.3 Quick Disconnect Fitting specifications
[image: ]

5.2.7 [bookmark: _Toc102662411][bookmark: _Toc102664995][bookmark: _Toc102665745]Universal-Thread Push-to-Connect Tube Fittings
[image: ]
[bookmark: _Toc102654044][bookmark: _Toc102662312][bookmark: _Toc102664896][bookmark: _Toc102665646]Figure 5.37 Air fitting 90 deg. elbow ¼”


Figure 5.37 is the CAD model that was provided from McMaster-Carr, as it is a component that is being purchased, we do not need to redesign it 

Table 5.4 Product specifications
[bookmark: _Toc102655402][bookmark: _Toc102662107][bookmark: _Toc102664691][bookmark: _Toc102665441]Table 5.4 Product Specifications [11]
[image: ]

The maximum operational pressure that may occur during normal machine operation is 10 psi, however this fitting is capable of withstanding loads of up to 250 psi.


5.3 [bookmark: _Toc102662412][bookmark: _Toc102664996][bookmark: _Toc102665746]CAD Models, Detailed Drawings, Sub-assemblies, System Assembly and Equipment Specifications and Selection
This section shows the current design iterations created by group 3 in 3d form. Here you will find 3d models and sketches of all the parts needed to complete this fixture. This is a wonderful way for the group and customers to visualize the design, to make critiques and assessments. This was a particularly challenging process which proved to be more than useful. Changing dimensions, angles, and locations of parts in an assembly is quite accessible. The ability to then load these models into other software, such as Ansys, to perform real time analysis is a terrific opportunity. The group will be purchasing several of the parts from McMaster-Carr, who provides drawings for their parts. Ensuring the design fit together exactly, the McMaster-Carr drawings were utilized. 

1. CAD Model of Main Fixture Body

Here is the 3D rendering of the fixture body. This angle shows one of the inlet ports for air from the bowl, the outlet port on the exterior of the unit and the relief cuts that act as handles.

Figure 5.38 displays the model from the top giving a better view of the design

[image: ]
[bookmark: _Toc102654045][bookmark: _Toc102662313][bookmark: _Toc102664897][bookmark: _Toc102665647]Figure 5.38 Top View of Main Body







Figure 5.39 is the bottom view of the model showing the channels where the fittings, and the tuning will go

[image: ]
[bookmark: _Toc102654046][bookmark: _Toc102662314][bookmark: _Toc102664898][bookmark: _Toc102665648]Figure 5.39 Bottom View of Main Body



Figure 5.40 displays the top view of the CAD model with dimensions regarding its overall size and specifying corner radii.

[image: ]
[bookmark: _Toc102654047][bookmark: _Toc102662315][bookmark: _Toc102664899][bookmark: _Toc102665649]Figure 5.40 Main Body Fixture 2D Drawing with Dimensions



















Figure 5.41 displays the bottom view of the CAD model. This figure details channel width and internal radii and the spacing length for handle gap. 

[image: ]
[bookmark: _Toc102654048][bookmark: _Toc102662316][bookmark: _Toc102664900][bookmark: _Toc102665650]Figure 5.41 Main Body Fixture 2D Drawing with Dimensions


















Figure 5.42 displays the side view for the vacuum table with the orientation of the holes for fitting location.

[image: ]
[bookmark: _Toc102654049][bookmark: _Toc102662317][bookmark: _Toc102664901][bookmark: _Toc102665651]Figure 5.42 Dimension Analysis

Figure 5.43 depicts the left and right side profiles of the model. This is done to give the detailed orientation of the hole for the vacuum tubes main inlet, as well as the location of the switch port. Including the dimensions for the internal view of the cavity for the vacuum chamber and the channel within.


[image: ]
[bookmark: _Toc102654050][bookmark: _Toc102662318][bookmark: _Toc102664902][bookmark: _Toc102665652]Figure 5.43 Dimension Analysis Continued

Figure 5.44 is the orthogonal view of the model in different position to have a clear understanding of every viewpoint.

[image: ]
[bookmark: _Toc102654051][bookmark: _Toc102662319][bookmark: _Toc102664903][bookmark: _Toc102665653]Figure 5.44 Orthogonal View Display
2. 90 Deg. Push to Connect Elbow Fitting
Air fittings to route the air from all four ports under the fixture to the outlet/quick connect port. Unfortunately, McMaster does not have an engineering drawing of this part, the group is waiting to hear back about that. 
[image: ]
[bookmark: _Toc102654052][bookmark: _Toc102662320][bookmark: _Toc102664904][bookmark: _Toc102665654]Figure 5.45 90 Deg. Push to Connect Elbow Fitting

Figure 5.45 is the elbow 90 deg. Push fitting that was provided from McMaster-Carr

[image: ]
[bookmark: _Toc102654053][bookmark: _Toc102662321][bookmark: _Toc102664905][bookmark: _Toc102665655]Figure 5.46 Quick Disconnect Hose Coupling


Figure 5.46 is the elbow Q/D fitting that was provided from McMaster-Carr


[image: ]
[bookmark: _Toc102654054][bookmark: _Toc102662322][bookmark: _Toc102664906][bookmark: _Toc102665656]Figure 5.47 Push to Connect T Fitting


Figure 5.47 is the elbow Push to connect T-fitting that was provided from McMaster-Carr



3. Stainless Steel Perforated Sheet

This material is to be used as a support structure under the removable top plate. The honeycomb design will not restrict air flow, while providing a support structure for applicable downward pressure from the ink application. 
[image: ]
[bookmark: _Toc102654055][bookmark: _Toc102662323][bookmark: _Toc102664907][bookmark: _Toc102665657]Figure 5.48 Stainless-steel perforated sheet


Figure 5.48 is the Stainless-steel perforated sheet that will be used as a support structure for the tile as it is perforated it will allow air flow through the system and apply sufficient vacuum suction to the Ceramic Tile

4. Power Adapter
[image: ]
[bookmark: _Toc102654056][bookmark: _Toc102662324][bookmark: _Toc102664908][bookmark: _Toc102665658]Figure 5.49 Power Adapter


Figure 5.49 is the power adapter that will serve as a switch to activate the electric system for the Backlit Vacuum Table.

5. Tubing

¼ OD tubing to provide the plumbing between all the air fittings. 

[image: ]
[bookmark: _Toc102654057][bookmark: _Toc102662325][bookmark: _Toc102664909][bookmark: _Toc102665659]Figure 5.50 Tubing


Figure 5.50 is the material that will be supplied from McMaster-Car as it will connect the Fittings to circulate the air flow through the vacuum chamber





6. Assembly models


Table 5.5 Legend of Exploded Assembly
	 
	LEGEND:

	1.
	Size 1/4, Zinc-Plated Steel Plug, 3/8 NPTF Male End


	2.
	Hexagonal Perforated Metal Sheets

	3.
	90 Degree Swivel Elbow, for 1/4" Tube OD x 1/4 BSPT Male


	4.
	Inline Tee Adapter, 1/4" Tube OD x 1/4 Pipe Size


	5.
	Machined Aluminum 

	6.
	LED Tile

	7.
	Plastic Tubing


	8 
	Porvair Sheet

	9
	IEC C14 Receptacle




[image: ]
[bookmark: _Toc102654058][bookmark: _Toc102662326][bookmark: _Toc102664910][bookmark: _Toc102665660]Figure 5.51 Exploded Assembly of Backlit Vacuum Table

Figure 5.51 is the exploded view of the Vacuum Table assembly with each component labeled for it to be placed in relation to the main body





[image: ][image: ][image: ]7. Vacuum Pump specifications[bookmark: _Toc102654059][bookmark: _Toc102662327][bookmark: _Toc102664911][bookmark: _Toc102665661]Figure 5.52 Vacuum table specs

Figure 5.52 is the Vacuum pump specification for what the operating standards are including size, weight, and power requirements 

5.4 [bookmark: _Toc102662413][bookmark: _Toc102664997][bookmark: _Toc102665747][image: ]Design Constraints and Application of Engineering Codes & Standards Used in the Design[bookmark: _Toc102654060][bookmark: _Toc102662328][bookmark: _Toc102664912][bookmark: _Toc102665662]Figure 5.53 Vacuum table specs

Vacuum table specs

Design constraints and application of engineering codes and standards that were applied to the project are based on the principal standards that were made available to us by Ball Aerospace, refer to section 3.8 Codes and Standards. However, additional constraints that were incorporated into the overall application of the project throughout its development are listed as follows:

· Product Design Constraints:
The group was limited by the initial dimensions of the problem statement given the client. To reiterate the problem, Ball Aerospace needs to develop thin ceramic circuit boards and for that, they must be done more efficiently in its application of conductive paste. From here we have the parameters that defined our project. 

· Functional Constraints:
From the concept generation for preliminary design, we designed different tools that would be applied to the overall function of the final design where it would take the best pieces of each design and combine it into our initial prototype. Some constraints were as follows:
1. Geometry - sizing of the prototype, i.e. (Length, Width, Height, thickness, etc.)
2. Forces - we had to determine certain mechanical forces that would be calculated due to use of the product such as total load (statics), weight, air pressure, applied pressure, etc.
3. Energy - these constraints were based on how we would determine to apply power to the lighting system, as well as the vacuum chamber. The thermal output of the LED tile, the cooling effect that the vacuum would apply to the system.

· Safety Constraints:
For the design process safety was one of our main concerns. The purpose of any engineering device would be to make the quality of life better or in this way the quality of work. The design incorporated several practical safety applications such as rounded corners to reduce pinching or sharp edges that would be left over from machining. As well as to give a better ability to handle the product by applying integrated handles to the final design. Apart from being a design constraint the idea was always to reduce the weight of the product and give it a better ergonomic structure to reduce stress from handling the apparatus.

· Manufacturing constraints:
The ability to develop a working prototype is dependent on the available facilities that either in the MCEG laboratory or the Architecture Manufacturing lab. The group contacted the industry advisor from Ball Aerospace and was told that if schematics were required for the production design of the prototype, Ball Aerospace would be able to manufacture the apparatus in their workshop if given enough lead time. In addition, the group visited the Architecture lab to see the equipment available, and it seems to be fully equipped with 3-D printers, milling machines, and laser cutters.

· Economic Constraints:
The economic constraints come from the pricing for the materials that will be used to produce the prototype. This is listed in the budget for Economic Analysis; refer to section 5.5. A budget of $5,000 may be more than enough. The group does not wish to exceed this limit. So, in the market research, the group went with what was available while having a quality standard that would be most cost-effective based on what on the market acquiring 3 sets of quotes for anything that is over $50 in price. The list of materials is provided in greater detail in the following section.
 
For the codes and standards used in the design process, the group followed with what was provided by Ms. Decker; refer to section 3.8 Codes and Standards. In addition to that went assumed general standards that are set by ASME (American Society of Mechanical Engineers).

· ASME Y14.5 GD&T Standard: This standard specifies geometric dimensioning and tolerance for engineering drawings that can accurately communicate the information of measurements and size constraints, where one person can understand the information in question.

5.5 [bookmark: _Toc102662414][bookmark: _Toc102664998][bookmark: _Toc102665748]Consideration of Design Factors
When designing anything, from cars to phones to anything else, there are many factors that must be taken into consideration in order to not only create a safe product but one that also beneficial to the company producing it. In this sub section, the group explores different design factors ranging from public health, safety, and welfare; global cultural and societal impacts; environmental impacts; and economic impacts.

5.5.1 [bookmark: _Toc102662415][bookmark: _Toc102664999][bookmark: _Toc102665749]Public Health, Safety, and Welfare
In this section, public health will be explored. The major points to be addressed in this section are codes and safety standards for Ball Aerospace and the industry, safety precautions while operating the prototype, and the dangers of waste to public health. 

To access the current codes and standards followed by Ball Aerospace, the team reached out to the Industry Advisor, Ms. Decker, for help. These codes and standards align with those followed throughout the industry to address the general population. 
Table 5.6 displays the codes and standards followed by Ball Aerospace:


[bookmark: _Toc102655404][bookmark: _Toc102662109][bookmark: _Toc102664693][bookmark: _Toc102665443]Table 5.6 Codes and Standards of Ball Aerospace
[image: ]

The current process of applying conductive paste to a ceramic printed circuit board requires a Ball Aerospace technician to manually gather and spread the paste by hand using a small squeegee while utilizing a vacuum table. During this process, the technician must raise the fragile PCB (printed circuit boards) above eye level numerous times with one unit to ensure that the voids in the PCB were filled properly. With the improved design and its inclusion of a backlight source, this process is made safer. Increased safety is accomplished by reducing the amount of time that the part is handled by the technician while still maintaining or improving efficiency. 

The only potential dangers to humans from operating the apparatus come from physical contact. The heat transfer from the LED (Light Emitting Diodes) tile within the device and if an automatic squeegee system is implemented into the design. The squeegee system is not in the scope for this project, but if time permits and the correct resources are available this addition will be explored. 

The maximum operating temperature provided by Ball Aerospace was 120 degrees Fahrenheit. This matches the industry standard according to the American Society of Testing and Material. The operating temperature for the LED tiles that the team has reviewed has an operating temperature of 90 degrees Fahrenheit. Fortunately, this means the design fits industry standards and should be safe for human contact. The squeegee system is not included in the current design, if explored its design must also meet industry safety standards. PPE (Personal Protective Equipment) is expected to be in use while operating the device. 
 
The waste associated with this project comes from the conductive ink that used by Ball Aerospace. This product is proprietary to Ball Aerospace and the team was not given much information about its properties besides that Ball Aerospace handles and disposes of the ink according to their existing guidelines and procedures. 
 
In conclusion, this section covers the public health topics pertaining to the prototype designed by the group. The section discussed how the design will meet the safety standards for Ball Aerospace and the industry in general. It also discussed the major potential dangers that can arise when operating this device and its impact on the environment, if any. 

5.5.2 [bookmark: _Toc102662416][bookmark: _Toc102665000][bookmark: _Toc102665750]Global, Cultural, and Societal Impacts
When designing anything from commercial products to items created for everyday use, the impact that not only the products may have on consumers must be considered but also the impact that the process of creating the item must be considered. In this section, the global, cultural, and societal impacts will be discussed.
There is a plethora of consequences tied to not considering global, cultural, and societal impacts when designing a product, on the global scale most products will not have any true impact on a global scale, so this does not have the biggest concern. But those products that do have a global impact can cause severe issues similar to global supply chain issues that have been experienced in recent years. When considering the cultural and societal impacts, these are usually on a smaller scale but can still cause severe problems for companies and their products. Disregarding how a product and its manufacturing process impacts a community can lead to a boycott of the company and their product by people who dislike the way the company operates

When exploring how our product specifically impacts global, cultural, or societal aspects of the world there are not many to consider when looking at the finished project that our group is creating. But, on the other hand when considering the components involved in the production of our product as well as the items used in the operation that our completed product will be completing there are relatively more impacts to be considered.
One of the first main materials used in the backlit vacuum table that needs to be taken into consideration is the aluminum used to create the main fixture of the table. Although aluminum is a commonly occurring metal on the earth, in recent time society has grown to recognize the benefits of recycling, and with the high recyclability of aluminum most communities have strived to recycle as much as possible to create a positive societal impact. So, when considering where to purchase the block of aluminum used in the project our group look for reputable distributor that properly source their aluminum.
Another important material that is used in the inking process that the backlit vacuum table will be handling is gold. During the inking process, ink will be filled into the pores of un-fired ceramic printed circuit boards, this ink that is used contains gold particle to help with the conductive properties of the ink. When exploring the process necessary to mine gold and the impact it has on the surrounding areas there is a lot to consider. The mining causes many adverse effects to the surrounding areas displacing whole communities, because of this gold mining has a bad societal and global stigma to it. With this taken into consideration Ball Aerospace does its best to minimize the amount of waste and collect all materials (including gloves, paper towels, etc.) that have come in contact with the gold ink so that it can be recycled.

5.5.3 [bookmark: _Toc102662417][bookmark: _Toc102665001][bookmark: _Toc102665751]Environmental Impacts
Oxford Dictionary describes the environment as:
“The surroundings or conditions in which a person, animal, or plant lives or operates. [12] We have an obligation as a fixture of our surroundings, to protect and secure their longevity. Not only as individuals, but companies and enterprises as well. Companies and industry account for the greatest percentage of pollution. Just 100 companies account for 70% of global pollution [13]. The mismanagement of company waste has caused the ecological destruction on land, in the sea, and in the air. Not only does waste cause environmental destruction, but in securing natural resources many ecosystems have been destroyed. It is our responsibility as engineers to lower the amount of pollution that the company we work for emits. We do this by analyzing the ways in which companies account for environmental destruction and minimizing the effects the company has on the environment. These ways include chemical exposure, mismanagement of waste, and ecological destruction
 Chemical exposure is the amount of time or frequency a person or environment is in contact with a hazardous substance. Workers and the surrounding environment (not only in the facility but in proximity to the building) can be exposed to these substances through company neglect, operator error, or through machine malfunction. Not only could the substances directly affect the workers but could also affect the lives of their families and the entire community in which they live. It is our priority as engineers to ensure the safety of other people and the elements and devices we use should be thoroughly tested and declared safe for the environment as a whole. An example in which this was not the case would be the Radium girls of the 1920’s. These girls were characterized by being workers in a watch factory during the time a special paint was being used. This paint contained radium and would glow, this caused the watches being sold with this paint to be a big hit. The girls were instructed to lick the paint brush after each stroke in order to produce crisp and sharp numbering. After half a decade and thousands of watches per worker, the girls started to fall ill. They workers were irradiated beyond recognition. Most lost their teeth, and some lost their entire jaw, all but one lived to lead a normal life. Many were unable to have kids and many of their families were affected in the same way. [14]Although scary, this example is how improper testing and assumptions can lead to disastrous outcomes in the workplace.
Unlike chemical exposure, the mismanagement of waste has also caused a lot of problems in recent years. Whether in the sea, air or land corporations share a direct correlation with the destruction of the earth’s ecosystems. Coral reefs have depleted by about 50% in the last year [15]. Hundreds of animals have gone extinct due to emissions, and as we have already established companies and corporations are the largest proponents of pollution. Many people have become accustomed to seeing sea life trapped in plastic waste, oil spills, and a smog filled skies. Despite media portrayal, there has been an uptick in ecological awareness in this country and around the world. The United States has made great strides in the protection of our environment in recent years. We have done so by analyzing the ways in which we have damaged ecosystems and made strides to prevent said damage.
Many of the Ecological damages that companies cause is in procuring natural materials. The process by which these companies obtain these materials leave the environment in disarray and could potentially be obtained through the efforts of men and women in deplorable working conditions.
When exploring how our product specifically impacts global, cultural, or societal aspects of the world there aren’t many to consider when looking at the finished project that our group is creating. But, on the other hand when considering the components involved in the production of our product as well as the items used in the operation that our completed product will be completing there are relatively more impacts to be considered.
One of the first main materials used in the backlit vacuum table that needs to be taken into consideration is the aluminum used to create the main fixture of the table. Although aluminum is a commonly occurring metal on the earth, in recent time society has grown to recognize the benefits of recycling, and with the high recyclability of aluminum most communities have strived to recycle as much as possible to create a positive societal impact. So, when considering where to purchase the block of aluminum used in the project our group looked for a reputable distributor that responsibly sourced their aluminum.
Another important material that is used in the inking process that the backlit vacuum table will be handling is gold. During the inking process, ink will be filled into the pores of un-fired ceramic printed circuit boards, this ink that is used contains gold particles to help with the conductive properties of the ink. When exploring the process necessary to mine gold and the impact it has on the surrounding areas there is a lot to consider. Mining causes many adverse effects to the surrounding areas displacing whole communities, because of this gold mining has a bad societal and global stigma to it. With this taken into consideration Ball Aerospace does its best to minimize the amount of waste and collect all materials (including gloves, paper towels, etc.) that have come in contact with the gold ink so that it can be recycled.

5.5.4 [bookmark: _Toc102662418][bookmark: _Toc102665002][bookmark: _Toc102665752]Economic Impacts
When it comes to raising money for a project, several different economic aspects come into play. However, these characteristics have a direct impact on the company's revenue in the future. Business-related economic elements such as labor and cost are always contentious when it comes to project budgeting since they impact the motivation of businesses. Tax rates, currency exchange rates, inflation, labor demand and supply, wage rates, legal laws, government action, and economic downturn are only a few examples of economic determinants.
· Project money, if received from an outside investor, may have a significant impact on the liquidity of the company's capital. The company's planning is fundamental to its development. Liquidity is reduced when the company's cash flow is reduced by an increase in investment capital. However, if the interest rate on loans rises, cash flow drops, resulting in a reduction in liquidity. If a loan is needed to complete the project, then the interest rate has an impact on the project.
· When goods are exported or imported, the value of a currency is affected by the exchange rate. Because of this, foreign payments and the cost of commodities are affected, resulting in a negative impact on the economy.
· A key factor in the economy is the tax rate, which has an impact on both the price of products and their sales. Inflation and the amount of money in circulation rises as the cost of goods or services rises.
· The economy is constantly affected by labor costs and wages, which are the two most significant economic elements. To begin with, the corporation looks for locations with low-cost labor. Inflation is caused by a rise in the price of products or services because of a rise in the demand for such items or activities. As the level of production grows, so does the money reserve in the economy. Supply and demand are interdependent.
· Workers' compensation is a direct expense to the business, which is passed on to the consumer, and therefore has a direct impact on the economy. Another way wages impact the economy is through rising wages, enhancing consumer purchasing power, and boosting economic output.
· The economics of an ongoing project changes when the legislation or any national policy is altered.
· Companies are forced to discontinue their products or services due to a decrease in customer buying power during a recession.
Unemployment, the market, land, money, science, and technology all have an impact on the project's economics in addition to other elements. However, for the economy to operate properly, it must be stable. That is easy to notice at a macro level when you are doing regular business and producing respectable profits [1].
 
[image: ]
[bookmark: _Toc102654061][bookmark: _Toc102662329][bookmark: _Toc102664913][bookmark: _Toc102665663]Figure 5.54 Possible external factors which affect project economy
[6]

To enhance the quality of life and ease the burden on society, economic growth is implemented. The project's success is dependent on the success of its educational component. In addition, skill training aids one's personal growth, which leads to higher pay and a thriving economy. Industry, enterprise, and nation all rely on power and energy resources. They are essential for the country's growth and will have a positive impact on the economy. Economic growth is dependent on the availability of a reliable mode of transportation. When products or services are more easily accessible to customers, the country's economic growth will be a direct outcome. For a business to flourish, it must communicate with its customers. Sales of products and services are on the rise because of the increasing use of various forms of communication by businesses to market their offerings. By researching and evaluating these characteristics, you can influence the market and investments. To get the best return on investment, it's important that you know how much to invest, where you should invest, and when you should pull your money out of a certain firm or industry. We must be prepared for changes in economic circumstances and their repercussions while working on our projects [2]. Economic issues have a considerable influence on investing decisions. These aspects also assist management in making decisions and preparing for any good or negative developments in the economy.
 
[image: ]
[bookmark: _Toc102654062][bookmark: _Toc102662330][bookmark: _Toc102664914][bookmark: _Toc102665664]Figure 5.55 Economic factors overall cycle

 [7]

During the course of our project's literature study, we discovered many kinds of studies that were related to numerous engineering projects. These analyses included social, environmental, and economic aspects, among others. Operating conditions for the table will be in a temperature range of 30 degrees Celsius with typical relative humidity levels. Based on this, the committee concluded that the device should not be subjected to any wear under the circumstances of operation. There is also an economic study of Ball Aerospace and the influence that the backlit vacuum table will have, which is presented last. As a result of this initiative, the employees' productivity will rise, enabling them to accomplish their duties more rapidly. According to this, there would be no economic benefit from this, but rather an improvement in the efficiency of the organization.
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[bookmark: _Toc102654063][bookmark: _Toc102662331][bookmark: _Toc102664915][bookmark: _Toc102665665]Figure 5.56 Economic factors related to backlit vacuum table
[8]

1. Operational Time: 
Using our illuminated vacuum table as a step forward in the direction of lean manufacturing, we can produce exactly the quantity needed by our clients at precisely the moment they need it. The most important benefits are an increase in productivity and a reduction in costs. It will avoid over-production, minimize waiting times, save resources by simplifying production processes, reduce the capital, eliminate the requirement for inventory operations, and reduce product defects by eliminating the need for inventory operations. Raw materials, components, work in progress, and final items may all be held in stock at a minimal level. In addition, the manufacturing process must be meticulously organized to ensure a smooth flow of resources. Only when a specific quantity of a certain item is required are supplies sent directly to the manufacturing line. Having less inventory implies less storage space, which saves money and security. Less working capital is locked up in inventory since it is only purchased when it is required. Stocks are less likely to expire, become outdated, or become out of date as a result. Prevents the build-up of unsold completed goods that might occur when demand suddenly shifts. The focus is on getting the task done properly the first time, so less time is wasted verifying and revising the work of people [3].
2. Power-consumption:
The use of a light source will minimize the amount of time required to examine the filling of circuit board holes. It will be simple for the technician to carry and operate the circuit board, and the quality of the circuit board will not be compromised. It will be able to build circuit boards that are lightweight. The table is extremely lightweight, making it easy to move by a single person, and it is designed to reduce harm in the event of a drop. Because of its small size, a single technician may carry and handle more than one circuit board on this lighted table, which meets the requisite hardness requirements. The vacuum pressure should be sufficient to ensure that the circuit board does not move from its place while a function is being performed on it, and it should also be sufficient to draw the conductive paste through the holes on the circuit board. This table can support many circuits at the same time, and the coating is readily cleaned. It is resistant to chemicals and corrosion, and it is readily repairable if there is any damage to the material. A light source is put on the vacuum table, which will illuminate when the conductive paste has reached the bottom of the vacuum table's chamber. 
 
3. Budget:
It is anticipated that the inclusion of this illuminated vacuum table would assist in lowering the final product cost, preserving the company's pricing, and budgeting policies. Budgeting is a great strategy to keep expenditure in check and eliminate wasteful spending. It aids in reducing costs and increasing productivity. Budgets are generated based on information provided by lower management levels. Each department, in cooperation with its own employees, develops its own budget. As a result, it facilitates two-way communication inside the company. An effective financial control system helps in the distribution of power, accountability, and forecasting. Budgeted performance may be compared with forecasted results more easily. Budgets allow for exception-based management. The comparison of actual and planned performance will reveal the areas that require the greatest attention from management. As a result, budgeting is an essential control method. It tries to maximize the company's profits. To attain this goal, many functions are planned and coordinated. Costs, income, and capital expenditures may all be controlled. Efforts are made to maximize the usage of resources [4].
4. Vacuum Table durability:
Because of its increased productivity, this table will save you money. In comparison to manual equipment, the task may be completed more quickly and with a smaller workforce. Consequently, a lighted vacuum table is a cost-effective purchase [5].
· Workers will be able to do their responsibilities more quickly and effectively thanks to this innovative technology. Each employee can do more since their work is completed in less time and with a higher probability of being done properly.
· There would be fewer casualties and mishaps if this table is used in production. Workers' safety is a major issue for industrial firms. Preventing injuries will be made easier with this.
· Faster fulfillment, fewer errors, and better delivery are just some of the ways it will improve customer experience and keep them coming back for more.
· Enhance your warehouse's marketability. Automated warehouses and equipment have a higher resale value.
· Such automatic illuminated vacuum table systems may aid in the recruitment of high-quality staff if they are in place. Our organization is looking for employees that have previous job experience and/or specialized training.


5.6 [bookmark: _Toc102662419][bookmark: _Toc102665003][bookmark: _Toc102665753]Economic Analysis
Below, the first analysis can be seen.  Any item that was found to be over $50 required 3 quotes.  The original budget was set at $5000; the build will require ~50% of that budget.  The group is still collecting quotes regarding the machining of the structure.  This is after it was determined, in March 2022 that this will now fall on the group instead of being performed by Ball Aerospace.  
	
	
	





[bookmark: _Toc102655405][bookmark: _Toc102662110][bookmark: _Toc102664694][bookmark: _Toc102665444] Table 5.7 Parts Specifications, Vendor Information and Cost Summary Table
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5.7 [bookmark: _Toc101600380][bookmark: _Toc102662420][bookmark: _Toc102665004][bookmark: _Toc102665754]Fabrication and Testing/ Motion Analysis, Dynamic Simulation and Control

5.7.1 Fabrication of Backlit Vacuum Table:
For fabrication and testing, the group commissioned the Architecture department’s fabrication center to print a 3D model for testing purposes.  The group ended up needing to print a second unit, which they were happy to collaborate on. This method was used to save money by printing initial designs vs having them machined.  Doing intensive testing, it can be determined what needs to be improved or altered. During the first round of testing, it was determined that changes would need to be made to improve the design. These conditions include inability to provide proper vacuum suction/pull on the ceramic tile. Certain sections did not have the correct dimensions for our purchased items (fittings, switch, and tubing) which had to be rescaled. In addition to the added information being provided to us by the industry advisor.  Once all of the revisions were applied to the first iteration of the design, second iteration proved to facilitate the requirements of the customer. 

· Design Modifications/Improvements:
· Decreased overall Height: 

Original height at 3.85” took longer than expected to create sufficient vacuum in the cavity. Original fixture height was selected in an effort to help create a stable size through the added weight. Also, this could be milled from a 4” block of off the shelf stock, reducing machining time and cost to still obtain the size/weight we were looking for.

The green arrow line represents the change in overall height, this was done by cutting a 1.25” block from the middle of the figure.
 
The decreased fixture height was done to reduce internal cavity size. In an effort to pull to pull vacuum faster based on low CFM of the pumps used by Ball Aerospace. The new fixture height will save costs in material and machining time. It will also be a more ergonomic solution when transported by the technician.  Reducing the risk of a lifting injury. 
[image: ]

[bookmark: _Toc102654064][bookmark: _Toc102662332][bookmark: _Toc102664916][bookmark: _Toc102665666]Figure 5.57 Original Height Design



[bookmark: _Toc102654065][bookmark: _Toc102662333][bookmark: _Toc102664917][bookmark: _Toc102665667]Figure 5.58 New Height Design


Channel Width: The original width was set at 1” to support the ¼” fittings.  Once it was discovered we needed to increase the fitting size, to help move more air and meet the requirements of the pump, the width of the channel was expanded, 1.35”, to account for installation of the larger 3/8” fittings.  
[bookmark: _Toc102654066][bookmark: _Toc102662334][bookmark: _Toc102664918][bookmark: _Toc102665668]Figure 5.59 Original Channel Width


[bookmark: _Toc102654067][bookmark: _Toc102662335][bookmark: _Toc102664919][bookmark: _Toc102665669]Figure 5.60 New Channel Width

                                                




-Internal Radii: The original internal radii were at .1”, which could not have been machined efficiently. The new internal radii were shaped at .25” radius which is appropriate to machining standards with a ½”-3/4” milling operation.

[bookmark: _Toc102654068][bookmark: _Toc102662336][bookmark: _Toc102664920][bookmark: _Toc102665670]Figure 5.61 Original Internal Radii
[bookmark: _Toc102654069][bookmark: _Toc102662337][bookmark: _Toc102664921][bookmark: _Toc102665671][image: ]Figure 5.62 New Internal Radii


Figure 5.63 shows installation of parts for the first iteration of the design.  Here we see version 1 with the ¼” fittings and tubing installed during the first round of testing.  


[image: https://i.groupme.com/2000x1500.jpeg.0266ebda2b0b4659801d0b326ff3cd8c]
[bookmark: _Toc102654070][bookmark: _Toc102662338][bookmark: _Toc102664922][bookmark: _Toc102665672]Figure 5.63 Side View of the original model with fittings

Figure 5.64 demonstrates the LED tile providing sufficient background lighting to illuminate all of the pores of the ceramic tape.  This is instrumental for the technician to efficiently fill the pores, and not have to remove the ceramic tape from the fixture.


[image: https://i.groupme.com/1295x1309.jpeg.d46d716328a6422d820f164dcdee97a8]
[bookmark: _Toc102654071][bookmark: _Toc102662339][bookmark: _Toc102664923][bookmark: _Toc102665673]Figure 5.64 LED Tile illuminating pores of ceramic sheet



Similar to the previous figure, here we have the fully assembled model with the light turned off accentuate the effectiveness of the LED tile.

[image: https://i.groupme.com/1246x1194.jpeg.edb1d28a7dbe4c6e97d910fc9494ab09]
[bookmark: _Toc102654072][bookmark: _Toc102662340][bookmark: _Toc102664924][bookmark: _Toc102665674]Figure 5.65 LED Tile illuminating the bottom of ceramic tape

In Figure 5.66 shows a bore being reamed out in preparation for threading.  The hole size was selected as 7/16” as this is the industry standard size to then thread for a 1/4"-19 BSP fitting. 

[image: https://i.groupme.com/1500x2000.jpeg.41ae50eec8194db78adef37fa8afcced.large]
[bookmark: _Toc102654073][bookmark: _Toc102662341][bookmark: _Toc102664925][bookmark: _Toc102665675]Figure 5.66 Using the Drill press to ream the ports for the fittings




















Figure 5.67 shows installation of the 3/8” fittings on the rev 2 of the design. 

[image: ]
[bookmark: _Toc102654074][bookmark: _Toc102662342][bookmark: _Toc102664926][bookmark: _Toc102665676]Figure 5.67 Installing Fittings





Figure 5.68 shows shaping of the perforated sheets to the profile of the top of the fixture.[image: https://i.groupme.com/1500x2000.jpeg.92f4433e89424f0d8c21c1048467935a][bookmark: _Toc102654075][bookmark: _Toc102662343][bookmark: _Toc102664927][bookmark: _Toc102665677]Figure 5.68 Grinding the perforated steel sheet


5.7.2 Testing of Backlit Vacuum Table:
	Testing the unit was the final step in the design process.  The group created a very aesthetically pleasing design which appeared to meet all to the requirements but needed to prove it. The 2 primary functions the designed need meet, were to provide a system which could provide vacuum and a light within the unit.  The technician needs to be able to apply the conductive ink to the ceramic tape and verify the pores are filled without removing the tape from the fixture.  The ability of the unit to pull vacuum and provide appropriate backlighting was successfully realized after testing was complete. 

During the testing process, the group needed to create a substrate similar to the conductive ink used by Ball Aerospace.  The advice of room temp or slightly thinned peanut butter was given, as an acceptable substitute.  The group found it pertinent to try several different versions to ensure effectiveness of the vacuum and the backlit source.  Since the exact viscosity could not be established by Ball Aerospace, 2 viscosities were created to get close.
· Version A: 1:1 ratio, produced marginal results as the mixture made no significant changes to the viscosity of the paste.  However the fixture did pull this through the tape.
· Version B: Contained a 1:3 ratio, the consistency of the peanut butter was improved. Increasing the fluidity of the peanut butter.  The results were good.  

The following procedure was performed to replicate the working conditions of the technicians in applying the conductive ink onto the ceramic tape.  The vacuum unit was turned on, the LED tile as well, then the 2 substrates were applied to the ceramic paste with a squeegee.  Once the substrates were applied, 6 members of the team and faculty advisor Dr. Duan observed the unit to pull the conductive ink through the ceramic tape.  The LED tile provides sufficient light underneath the ceramic sheet to see if the pores had been filled.  The conductive ink is darker than the peanut butter so this was also a good litmus test to prove the design worked in a less than ideal situation.
 
In figure 5.69, peanut butter version A and version B were applied to the ceramic tape to indicate which one worked best as the replicate paste. A teaspoon of the paste was applied to the ceramic tape and spread with a squeegee.  Versions A and B appeared to fill the pores as required. 

[image: https://i.groupme.com/1000x1332.jpeg.f092a63a89d941f0ba248c6df49df0a8.large]
[bookmark: _Toc102654076][bookmark: _Toc102662344][bookmark: _Toc102664928][bookmark: _Toc102665678]Figure 5.69 Application of Paste Substitute

Figure 5.70 depicts the side by side comparison of the ceramic pores that are filled vs unfilled. Note that the pores have been coated thoroughly do to the vacuum pull from within the chamber.  The LED tile illuminating the difference very clearly between filled and unfilled.

[image: https://i.groupme.com/1000x1332.jpeg.7f6bb366a8f04ce6a795cf70b20ff18f.large]
[bookmark: _Toc102654077][bookmark: _Toc102662345][bookmark: _Toc102664929][bookmark: _Toc102665679]Figure 5.70 Paste filling the pores
Figure 5.71 demonstrates the vacuum chamber’s ability to pull the paste through the pores of the ceramic tape, seen as residual oil on the bleeder cloth. The intent of the bleeder cloth is to protect the Porvair foam, allowing for the Porvair plastic to be reused many times.  The Porvair is a by-product of another operation within Ball Aerospace and needs to be conserved as well as possible.
[image: https://i.groupme.com/1000x1332.jpeg.a3f936f7819444e8ab101e4718ae3520.large]
[bookmark: _Toc102654078][bookmark: _Toc102662346][bookmark: _Toc102664930][bookmark: _Toc102665680]Figure 5.71 Bleeder Cloth absorbing residual material
Figure 5.72 shows the Porvair plastic sheet. This material was selected as it suitable porous material which can also provide some structural support for the ceramic tape.  With even distribution of the vacuum, this turned out to be a great option.  The fact that it is also a by-product of another operation within Ball Aerospace, is a huge bonus.
[image: https://i.groupme.com/1000x1332.jpeg.82657532687844b6b9c1e4f5a71d5367.large][bookmark: _Toc102654079][bookmark: _Toc102662347][bookmark: _Toc102664931][bookmark: _Toc102665681]Figure 5.72 Clean Porvair Foam


Figure 5.73 shows the silicone ring which was added to the top of the fixture to seal between the ceramic tape and the fixture top.  This increased the ability of the fixture to provide a vacuum much more quickly, as well as, making it much more efficient.  Before the silicone was put in place, the fixture provided vacuum but there was a lot of open air allowing the pump to pull free air around the ceramic tape.  The silicone ring around the top is essential to the success of the fixture with the pump used. 
[image: https://i.groupme.com/2016x1512.jpeg.3b528b77bc7e4e429819a1d67976cbe4.large][bookmark: _Toc102654080][bookmark: _Toc102662348][bookmark: _Toc102664932][bookmark: _Toc102665682]Figure 5.73 Silicone ring showing suction of fixture



Figure 5.74 shows the reading taken by an anemometer for CFM of air moved. The vacuum pump which Ball Aerospace uses, pulls a maximum of 2.3 CFM, indicating this pump would be sufficient for the testing process. 

[image: https://i.groupme.com/1512x2016.jpeg.9c8ec8925bb841cb8a82dc289dc8e820.large]
[bookmark: _Toc102654081][bookmark: _Toc102662349][bookmark: _Toc102664933][bookmark: _Toc102665683]Figure 5.74 Anemometer Device Test
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6. [bookmark: _Toc102662421][bookmark: _Toc102665005][bookmark: _Toc102665755]Results and Discussion
6.1 [bookmark: _Toc102662422][bookmark: _Toc102665006][bookmark: _Toc102665756]Summary of Goals and Objectives
Goals: For this project, the main goal was to design a system to improve and verify the inking process that Ball Aerospace uses to crate their ceramic printed circuit boards, the group determined the best way to do this would be with the creation of a backlit vacuum table.

Objectives: In terms of the objectives relevant to this project most of them have still not changed. In terms of safety the design still needs to be light weight for a single worker to be able to carry; be quality enough to be maintained and used in the industry for a multitude of uses; the design should be convenient for workers to operate and maintain; and lastly the design should be economical to help increase the efficiency of Ball Aerospace’s inking process.
Filler Info: With the conclusion of this semester, the group has updated the project planning with all the completed tasks and made changes to the remaining tasks and deliverables for the semester as well as any that were not completed from the previous semester.
 
6.2 [bookmark: _Toc102662423][bookmark: _Toc102665007][bookmark: _Toc102665757]Discussion of Completed Work (Chapter by Chapter recommended)
The work completed this semester on this project, the backlit vacuum table being designed for Ball Aerospace, included the following:

Chapter 1: The First Chapter of this final report is titled the Project Scope, in this chapter several items were developed to understand and address the problem handed to the group by Ball Aerospace. These items included a fully developed problem statement and a detailed list of the goals of the project, in addition to this the objectives of the problem were specifically defined and grouped to help later chapters of the course. While completing the Project Scope the clients of the design were also identified and the project constraints and operating environments were also detailed. The goal of the design was to design a system that could pull a vacuum through the pores of a ceramic printed circuit board to fill the pores with conductive ink, along with this the design must also properly illuminate the pores to check that the pores are properly filled.

Chapter 2: The Second Chapter of this final report was the Project Planning and Task Identification. This chapter served to help highlight the tasks needed to fully complete the Senior Design course for both the fall and Spring Semesters. These tasks were obtained through the syllabi for the two respective semesters and with the tasks identified objectives and deliverables were defined for each task. With this information a timeline was created to help organize and guide the group to the completion of the project. The timeline was then organized into a Gantt chart to further guide the group through the fall 2021 and spring 2022 semesters.

Chapter 3: The Third Chapter of this final report was the Literature Review. In this chapter a literature review was conducted by the group to gain further knowledge on the components needed to complete a design that could satisfy the clients’ needs; to do this, items such as backlighting sources, vacuum tables, and vacuum pumps, and printed ceramic circuit boards were studied. In addition to these topics, information on societal, environmental, and economic analysis was investigated and information on the codes and standards of Ball Aerospace were studied.

Chapter 4: The Fourth Chapter of this final report was Preliminary Design. This chapter required the group members to work individually and in conjunction to generate two different final designs. To do this several steps were taken, first the functions of the design were defined in the functional decomposition, and then with these functions defined different concepts were generated and evaluated to fulfill the previously stated functions. Concepts were evaluated using the GO-NO-GO method and decision matrices. Based on the top scored concepts two sketches were made. Lastly Design constraints and applicable codes and standards of the designs were analyzed.

Chapter 5: The Fifth Chapter of this report was Detailed System Design. In this chapter, the group identifies and performs diverse types of analysis needed to appropriately design the backlit vacuum table. Some of the analysis performed in this chapter included the vacuum chamber, the LED Tile, and the top plate of the vacuum table. After this, members of the group were tasked with creating CAD models of the different components of the table with the end goal of creating a full assembly of the modeled parts. When designing these parts, the group also had to consider design factors such as public health, societal impacts, environmental impacts, and economic factors to ensure the design is ethical and would not harm workers who operate it. Lastly, an economic analysis was conducted on the parts and components needed to create the selected detailed system to gather the parts that best fit the group's budget. 

Chapter 6: The Sixth Chapter of the final report was the Results and Discussion. In this section the groups summarized the results that have been gathered throughout this course to discuss what actions have been taken and what needs to be done next.



6.3 [bookmark: _Toc102662424][bookmark: _Toc102665008][bookmark: _Toc102665758]Summary of Constraints and Codes used and met by Design
The constraints and codes used and met by the design for this project followed that of the mechanical design and drawing checklist, tables 3.1 and 3.2. The design constraints that the group was limited to include the weight limit of the design, the use of standard outlets, attachments for the vacuum and air compressor, chemical resistance, and a squeegee option if viable. The design was also limited to environmental constraints to accommodate for the work area of the Ball Aerospace technicians. These standards and constraints are important to create a user friendly and functional design.
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7. [bookmark: _Toc102662425][bookmark: _Toc102665009][bookmark: _Toc102665759]Conclusion and Recommendations
7.1 [bookmark: _Toc102662426][bookmark: _Toc102665010][bookmark: _Toc102665760]Conclusion
To conclude, Ball Aerospace sought to have a fixture designed by group 3, stated as a back-lit vacuum table. Due to size and shape, this was closer to a vacuum chuck. This was a source of confusion during the literature review stage of the project as the group was searching for vacuum tables and none could be found. It was exceedingly difficult to find inspiration on the idea, as it was originally called the wrong thing. Vacuum tables are larger units, and vacuum chucks are intended for smaller operations. Once this was discovered, two variants were located to assess and analyze. Still, there is not very much information on them, I.e. approximate vacuum capabilities/requirements and light output. This type of fixture is for an exceedingly small percentage of the market. Even with such obstacles, group 3 was able to rise to the challenge and produce a complete engineering design that meets the needs of Ball Aerospace. Utilizing the process and procedure outlined by Prairie View A&M University for Engineering design, the back-lit vacuum table is born.

7.2 [bookmark: _Toc102662427][bookmark: _Toc102665011][bookmark: _Toc102665761]Recommendations
The project went very well, the group came together to work efficiently, properly delegating tasks and assigning champions for specific topics. Each member, mid semester, took the opportunity to lead the meetings for that week, experiencing the additional responsibility of a group leader and helping understand how to set expectations for others. Many new skills were acquired by each group member, including time management, modeling, flow analysis, report formatting and writing, and most importantly how to manage challenges not seen. In the end of the semester, the group was able to produce and demonstrate a working model that met all the requirements of the customer. 

Developing a schedule that fit everyone's needs was the first challenge the group faced the first semester and again at the start of the second semester. Combining 8 vastly different schedules proved to be a challenge that took several days to overcome. Choice of each part to be used on the fixture was completed by midterm of the spring semester. The first choice, which seemed to be the obvious one, was picking a clear material for the top surface, acrylic or polycarbonate. Both materials provided much promise as they are machine able, clear and impact resistant. They both ended up providing their own challenges, after getting approval from our industry sponsor, the group moved on to from finding a place that could machine a piece thick enough for our needs, which ended up not being feasible with the period we had. To then learn from a potential supplier that they were not compatible with the cleaning agents specified by the customer. Lesson learned here, always check chemical compatibility charts as material selection is takin place. Develop a “test” plan or list of all things necessary and do not rely on one's memory for this. Another option was discovered by the group, the last day of the class, when more information was provided by our industry sponsor. First thought to be a foam material, turns out to be a porous plastic that is normally used as a filtering medium. The group will be further researching this material as it gives the most hope to solve all issues previously seen when processing a material for the ceramic sheet to rest on. This porous plastic, known as Porvair Vyon, is in fact a polypropylene, just not a form the group was privy to originally. Additionally, a few changes will be made to the models (reassuring fitment), a 3d printed model for initial testing was created, investigation in this Porvair material and then acquiring parts. Production of a 3d unit and physical testing was performed through the spring semester. 

For this project in terms of recommendations for the course, the main changes the group would like to be considered would be performing the analysis portion after the initial CAD models are created. As the industry tends to utilize FEA type software heavily and no longer spends as much time on hand calculations (not very cost friendly), this would be added value to the students. One of the reasons this project could benefit from this is due to the design of the system. Calculating air flow through a perforated plate or medium is not something we were able to find much research on without using FEA type software. Those are incredibly involved equations and calculations that our curriculum had not prepared the group for. The main analysis in question for this project would be the vacuum analysis for the chamber that the group designed, without a functional model of both the vacuum chamber and the top plate of the vacuum table an analysis of the vacuum flow was not able to be completed. An additional step would be to perform a shorter version of the literature review as part of another assignment and do another one when it is time to find the materials to use. At the time the literature review was done, the engineering plan was not developed enough in class for any groups to know what the idea would look like.
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PRODUCT DESCRIPTION SPECIFICATIONS
Professional lexible light sheet creates uniform and linear ilumination. Power Supply: _Remote and electronic Class 2 DC power supply.
Easy installation in any minimal size application with no heat sink needed. 120.277VAC S0/60Hz npt,up 10 S6W

FEATURES Light Source: 144 LEDs/sq t (1 inch pitch)

" With a lightweight, ulta-thin 1/8" profle
+ Evenillumination of translucent surfaces from as lttle as /2" behind
+ May be field-cut vertically or horizontally,in unique shapes or around :
e Standards:  ETL&cETL Listed for Dry and Damp Locations

- Powers easily by daisy chaining with integral push-in connectors or
from any square at soldering points provided

+ Versatile Mounting Options:

3M-construction adhesive adheres to most surfaces (flat or curved), or
‘open rectangles indicate where t can be stapled through

- Canbe installed i either exposed or fully enclosed spaces

- Specially rated for installation in the storage area of a clothes closet

LD
Dimension Lumens Wart ColorTemp. Color
27 2700
30 oo
Pos soolmisqft  swisqft
LD 1226 o0 35 3500k Whit
P10 1000imssqft  10Wssqft o
50 sooox
LED-P___-1224-__

Example: LED-P10-1224-30

- L LeL [ LTl I
ARCHIGHICH KoL A8 KoL Kot KoL G ALY St LG RSt A AL 1
Lo LoLo Lo Lo Lo Lo Lo Lo Lo Lol o Lol e Tl ole Lol Lol





image226.png
Safety Design Plastic corner pieces for sharp corner & cable protection (U.S. Patented)
Mounting By double sided tape, standoffs, Z clips or others

nput Voltage D.C. 12 Volt or 24 Volt

Power - Consumption 4.0 Watt / ft of LED (12 Watt / meter of LED)

22 AWG, 3 conductors cable for wireless remote controller type
Power Cord 20 AWG with barrel type connector for built-in step controller type
Length of cord : Standard : 5’ (1,500mm), Optional : 10’ (3,000mm)

UL class 2 or LPS | D.C. 12 Volt: Max. 4.86 Amp / 58.5 Watt | D.C. 24 Volt : Max. 3,77 Amp / 90.9 Watt | or

P Suppl!
OWer-upply CE approved

Operating

- -22°F (-30°C) ~ 104°F (+40°C)
emperature

Certification UL listed (E344086), UL recognized (E341820), CE approved
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Chart
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Lead as an alloying element in steel
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Requirements complete. understood and traceable

Requirements met

COTS solutions considered

Design reuse maximized GL0000242 WI0000161

Hole Sizing Standard used 2592000

Fasteners appropriate length and correct thread pitch for mating interfaces
Maxwell Fastener Sizing and Selection Tutorial

Ball stock fasteners selected before general Agile Portal Part Selection Tool

Torque values per STD0000051 or tailored to material properties and dimensions

Single install fasteners have locking feature Locking Fasteners Best Practice White Paper and
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Single point of failure fastener process followed WI0000273

No locking to locking fasteners

Finish and treatment requirements understood and met
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‘Augmentedvirtual reality leveraged
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Receiving/Inspection requirements and methods considered (HQE consulted)
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