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	A17
	Steering Column Angle

	A27
	Pan Angle

	A40
	Back Angle

	A42
	Hip Angle
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	American Automobile Association
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	Analysis of Variance
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[bookmark: _Toc254971292]Chapter One: EML 4551C

· [bookmark: _Toc500038962]Project Scope
· [bookmark: _Toc1488720650]Project Description: 
A sensor that can detect and output the amount of cryogenic fluid in a container in zero gravity. 
Key Goals:  
1) Capable of gauging the mass of any cryogenic fluid in zero gravity 
2) Can output the measured mass to a computer or display 
3) Design can be extrapolated to a larger scale 

· [bookmark: _Toc1561923608]Market: 
Primary Market: The National Aeronautics and Space Administration and other space travel research organizations that send vehicles to space need a way to measure cryogenic propellants in zero gravity environments. 
Secondary Markets: Private space travel companies sending up space shuttles for commercial travel, Virgin Galactic for example. These markets need to measure fuel as well, and cryogenic propellants are common in space travel in both government funded and private space travel organizations. Another market is companies that create products or vehicles that require mass gauging outside of zero gravity that are interested in a new design for a mass gauging sensor. Another market is eccentric car owners that are interested in upgrading their vehicle with new and interesting systems. The final secondary market is the United States Air Force and Space Force as the sensor could be used to upgrade their existing mass gauging systems.  

· [bookmark: _Toc716712654]Assumptions: 
Assumptions include that the fluid being measured is a cryogenic fluid. The device and fluid will not be experiencing extreme changes in environment including temperature and pressure. It is assumed that these conditions will be kept within a certain range. A container is assumed to be made independently from the sensor and is of a material that can be easily modified. It is also assumed that the sensor will be attached or integrated into the container. It is assumed that the container the sensor will be attached to will be secured within the vehicle.  

· [bookmark: _Toc388438529]Stakeholders:
Stakeholders in the development of this product are the National Aeronautics and Space Administration (NASA). Other stakeholders include Dr. Kourosh Shoele, Dr. Shayne McConomy, and the Research and Development and legal teams at both NASA and companies that are interested in commercial space travel such as Virgin Galactic and SpaceX.
 

 
Stakeholders:   
Stakeholders in the development of this product are the National Aeronautics and Space Administration (NASA). Other stakeholders include Dr. Kourosh Shoele, Dr. Shayne McConomy, and the Research and Development and legal teams at both NASA and companies that are interested in commercial space travel such as Virgin Galactic and SpaceX. 


[bookmark: _Toc477629562]1.2 Customer Needs
To determine the true need that the design will address, we need to collect as much information as possible. To collect useful information from the customer, our design team had a meeting with the sponsor and asked a series of questions. The questions asked, responses, and interpretation of these respective responses from the customer interview is presented below in Table 1.


	Question:
	Response:
	Interpretation:

	Is electrical capacitance mass gauging all you want us to work on, or is it just a guide and we are addressing the need to measure mass of the propellant in general?
	Electrical capacitance does not need to be used the device just has to measure the mass of the fluid without gravity affecting the system.
	Device measures mass of cryogenic fluid; technique is not constrained.

	Is there a specific type of cryogenic propellent we will be measuring, or should the device be able to measure the mass of any cryogenic propellant?
	For the purpose of the prototype, you will be measuring liquid Nitrogen, but it should be able to measure Hydrogen, Oxygen, and Methane as well.
	Device operates with Nitrogen, Hydrogen, Oxygen, and Methane.

	Will the device be contained in a controlled environment?
	Yes, it will be within a shuttle.
	Device operates within a predetermined environment, not extreme conditions.

	Will the device draw power from a specific type of power connection?

	No, you can use any connection that you select.
	Device draws power from a power source.

	Is there a limit to the power supply that the device will have access to?
	No, but it will probably be operating within the 12V-24V range.
	Device does not have a set power supply but can operate within a range of 12V-24V.

	Should the device display outputs constantly or should certain conditions be met for the outputs to be displayed?
	The fuel mass and tomography should be constantly displayed especially if fluid is being put into or drawn from the tank.
	Device interface displays output values constantly.


Table 1: Sponsor interview and responses




	Question:
	Response:
	Interpretation:

	Is there a predetermined size for the device?
	The device should be able to be scaled up and applied to larger systems, but the prototype should just prove the concept.
	Device is large enough to have a gradient to measure.

	Are we designing the measuring device independent of the cryogenic propellant storage itself?
	Yes, you will not be designing the container.
	Device is a measuring tool for a container.

	Should we also be including a function within the system that displays the mass of the fuel? 
	Yes.
	Device takes, and display measurements.

	What are the desired output values a user will see on the interface?
	It should show the mass of the fluid in the tank and the tomography.
	Device interface displays fluid mass and tomography.


Table 1 Continued: Sponsor interview and responses

	In gathering information from the sponsor regarding their wants and needs for the mass and tomography device for cryogenic fluids, we asked questions to get an idea of their vision for the product as well as questions to determine needs for subfunctions of the device. To interview the sponsor about their needs we used a traditional interview method via video call with predetermined questions. When formulating questions, we prioritized that the questions were appropriate based on the information we had on the project, but vague so that the sponsor would not be more likely to give biased responses. While interviewing the sponsor we recorded the responses provided and accounted for both the content and tone of responses.
[bookmark: _Toc2119539955]1.3 Functional Decomposition
Explanation of Results:
Functional decomposition is a design tool that is used to assign functions that a design should address and separate functions into smaller subfunctions. The breaking up of the devices' subfunctions facilitates the identification of targets and metrics and makes alterations to future designs easier. The main goal of a functional decomposition is to create a framework of functions and their intended action while being vague to allow for creativity in the concept generation process while also proposing useful concepts. 
The data collected to support our functional decomposition was collected from the sponsor through conducting a structured interview. Using the data generated, the necessary functions and subfunctions of the product were determined. These functions will support us throughout the design process.
Using the collected data from the interview, a flow chart was then created as seen below in Figure 1. The chart progressed from top to bottom respectively, starting with the subsystems of the device to the function of each respective subsystem. These systems were subsequently broken down into their main functions. One function may relate to another system; Table 1 displays these relationships.
Figure 1: Functional Decomposition Flow Chart
[image: ]
The functions of the product are the structure, the sensors, the energy source, and display interface. The structure supports the sensors, the energy source and the display interface. The energy source provides the power source so that the sensors and the display interface can operate. The sensors take in the physical readings and the display interface outputs the readings to the reader in a digestible format.
Connection to Systems:
The functional decomposition cross reference table, shown in Table 1, is a visual comparison of the system’s function and how they relate to the sub systems of our project. This visualization allows us to determine the function that will take priority during the design process. The National Aeronautics and Space Administration, (NASA), symbol represents which of the sub systems the given function impacts; from the table is seen that the function may affect multiple sub systems. For example, the function Withstand High Temperatures relates to three out of the four sub systems: Structure, Sensors, and Energy Source. From the F.D. cross reference table, the sub system with the most function relation impact was identified to be the Structure. This entails that the Structure will be the sub system with the highest priority. The anticipated outcome of this project is to sense the amount of cryogenic fluid, in a liquid state, within the fuel tank. While the goal for this project is to measure the cryogenic fluid, the physical structure will be taken as a main priority for the entirety of the design process. 
Table 1: Functional Decomposition Cross Reference Table
	Function
	Structure
	Sensors
	Energy  Source
	Display Interface

	Encapsulates Entire System
	[image: ]
	
	
	

	Withstand Extreme Temperatures
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	Maintain
Durability
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	Displays Information
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	Operate without Power
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	Monitors Fuel Levels
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Functional decomposition will be used to break down the steps needed to utilize the zero-gravity mass gauging device. The functional decomposition cross reference table (Table 1) shows the goals and intended achievements of the device.
Smart Integration:
Each function varies in the number of cross-system relationships they have, with some encapsulating most or all systems while others focus on one system only. These relationships will be described going down the list of functions in Table 1:
1) Encapsulates Entire System: This function’s only relation is to the structure of the design. While it will interact with all other sub systems physically, the way this function is designed will have no impact on the physical performance of the other sub systems. Each will operate independently of this function as it is a parameter describing how each sub system will be related to the overall. However, the design of the structure will affect the physical design of the other sub-systems as well as how they are placed, so it remains the highest priority sub system.
2) Withstand Extreme Temperatures: Contrasting with the previous function, this function almost all the sub-system's design, except for display interface. Each sub system it affects will be submerged in a cryogenic propellant, and they must all be resistant to the induced extreme temperatures or suffer critical failure. Being inside the rocket in potentially non-pressurized regions could result in extreme heat.
3) Durability: Durability is important for all the sub systems. Each of one will be securely fastened on a rocket that experiences 4x the normal effects of gravity during launch. Each one must be durable enough to withstand such pressure as well as any accidental impacts that could occur during the flight.
4) Displays Information: This function relates only to the display interface sub system. This is the direct purpose of the display interface, and the physics of this function will be tailored only for that sub system.
5) Operate Without Power: This function will only impact the design of the structure as all other sub systems will require power to operate. All other sub-systems will need to draw power from the energy source. 
6) Monitors Fuel Levels: This function is similar to the Displays Information function as it only impacts the design of one sub system, the sensors. This sub-system will be designed only around its ability to monitor fuel levels and no other sub system will need to be designed with the monitoring of fuel levels.
Action and Outcome:
This project’s purpose is to accurately measure and display the mass of a cryogenic propellant that is in zero gravity. To do this, a structure will be built that houses all the other sub-systems. The structure will be in cryogenic propellant as well as the sensors used to measure it. The sensors will then measure the mass of the cryogenic propellant and will quantify that physical measurement into a mass that will be read out to the user on a display interface outside of the cryogenic propellant. 
Function Resolution:
At its core, this project has four core sub-systems that each cover a range of functions necessary for the project to have its desired outcome based on the actions taken. Each function works to support the main goal of the project, which is to measure the amount of mass in a cryogenic propellant and display that mass to the user via a display interface. The smallest element of this design would be the sensors sub-system, as it will be measuring and quantizing the data measured.


[bookmark: _Toc1913663978]1.4 Target Summary
Withstand Extreme Temperatures: 
The cryogenic propellant within the fuel tank will need to be held at temperatures between minus 252 degrees Celsius and minus 183 degrees Celsius. [6] Therefore, the device will need to be made of materials that can withstand these temperatures without failing. For temperatures minus 252 degrees Celsius and higher, high-alloy austenitic stainless steels are the only materials that can withstand such temperatures without failure. High-alloy austenitic stainless steel 304 and 310 will be able to withstand these low temperatures. In this case, if welding is required than the use of low carbon variants is advised. Aluminum alloys that can be used within this temperature range, are all within the 2000 and 5000 series range, as well as the 6061-T6 alloy. Copper alloys can be generally used in contact with such low temperatures, particularly 70-30 brass, copper-beryllium, iron-silicon, and aluminum bronzes. [8]
Durability:
As stated above in the withstand extreme temperatures section, the device will be exposed to a range of temperatures from minus 252 degrees Celsius and minus 183 degrees Celsius. [6]. The device will have to withstand extreme high temperatures as a result of spikes when the shuttle is either exiting or entering the atmosphere and low temperatures as a result of the shuttle's exposure to the vacuum of space. While the selection of materials that can withstand this range of extreme temperatures is addressed above, this does not account for the number of times that the materials will be exposed. Durability of the material is the material’s ability to withstand the extreme temperature exposure for multiple cycles without developing flaws within the material or affecting the accuracy of the device or efficiency. A test to determine how a material will be affected by extreme temperature cycles is the Thermal Cycle Test. There are multiple test standards that thermal cycle test can undergo, but the test that would be best for our device is the MIL-STD-883 method 1010 [2] as the cycles are more rapid with a time that more closely resembles the time of when a shuttle will exit the extreme high temperature environment of exiting the atmosphere to the extreme cold of space. Another durability test that would be useful for our device to undergo is thermal shock testing. While thermal cycle testing goes from extreme temperatures in a cyclic manner even the fasted change from extreme heat to extreme cold is not in a short enough span of time for our device when we account for factor of safety. Thermal shock testing also uses both liquid and gas extreme temperature fluids [3].  The structure subsystem would be tested using a thermal shock test of gas, and the sensors that interact directly with cryogenic fluid would be tested using thermals shock testing with liquid. As the sensor subsystem will be exposed to both liquid and gases at extreme low temperatures so the liquid thermal shock will account for a factor of safety since liquids will conduct heat at a higher rate. The MIL-STD-750 Method 1056 will be used to test the durability of the sensor subsystem as it is a liquid-to-liquid test [4] and the structure subsystem will undergo an air-to-air thermal shock test.
Display Information: 
Displaying information is the end goal of the project since there is no point in measuring the mass and tomography of the cryogenic fluid if these results will not be displayed to the user.  This display will be integrated with the rest of the rocket’s displays and must be easily identified and read especially when in the presences of numerous displays similar to it. There is no quantitative metric to measure the display’s ability to convey the measured data, however using Nielsen’s Heuristics it is possible to measure feedback from users and see how they correlate to the Interface Design [5]. 
There are 10 major heuristics: 
1. Visibility of system status
2. Match between system and real world
3. User control and freedom
4. Consistency and standards
5. Error prevention
6. Recognition rather than recall
7. Flexibility and efficiency of use
8. Aesthetic and minimalist design
9. Help users recognize, diagnose, and recover from errors
10. Help and documentation
 These will all be taken into consideration when designing how the information will be displayed. Modern rockets utilize almost entirely digital displays, and the fluid tomography and mass gauging will also be displayed digitally. To measure the effectiveness of which the heuristics are utilized, different users will use multiple iterations of the interface to and give feedback on which proved most useful.
Monitor Fuel Levels:
To monitor the fuel levels of the cryogenic propellant a Fiber Optic Sensor System (FOSS) will be utilized. FOSS operates via inducing a temperature change in the fluid and observing the cooling process of the fluid, with liquids cooling quicker than gasses. Measuring this along with the displacement of the fluid allows a tomography of the fluid to be generated as well as the mass of the fluid [7]. After speaking with the project sponsor, it was determined that the measurements should be within 5% of the expected value at the most. This is a target coming directly from the client and is critical to achieve. 


	System
	Function
	Target
	Metric

	Structure
	Encapsulates Entire System
	All sub-systems except display interface
	N/A

	Structure, Sensor, & Energy Source
	Withstand Extreme Temperatures
	126-1011
	Temperature Range (°R)

	All Systems
	Maintain Durability
	MIL-STD-750 Method 1056
	Thermal Cycle Test 

	Display Interface
	Display Information
	N/A
	Nielsen’s Heuristics 

	Structure
	Operate Without Power
	0
	Volts (V)

	Sensors
	Monitor Fuel Levels
	5
	Accuracy (%)




[bookmark: _Toc258081653]1.5 Concept Generation
1.5.1 Concept Generation Tools
Concept generation is important so that designers of a device are not swayed to immediately commit to an idea based on their personal bias and have multiple options if certain designs are not executable and to have other designs to reference. Our team used three main concept generation tools: morphological chart, biomimicry, and crap shoot. The most utilized concept generation tool was the SCAMPER method, substitute, combine, adapt, modify, put to another use, eliminate and reverse. This approach uses previous concepts and applies one of those techniques to come up with new ideas. After using these tools, a resulting 100 concept ideas were recorded and can be found in Appendix D.
1.5.1.1 Biomimicry
The concept generation tool of biomimicry was used especially when creating all concepts relating to RMF. It relies on soundwaves traveling throughout the cryogenic propellent and bounce of the walls of the container and return to the sensor, where it will obtain and quantize the change in the sound waves to accurately map out the space that the propellant is occupying. This is like how bats use sonar to navigate dense foliage and be aware of objects they otherwise are unable to observe visually, not unlike the inability to observe the space that the fluid in the container is occupying. 
1.5.2 Medium Fidelity Concepts
Medium fidelity concepts are concepts that were generated during the concept generation that address needs for the device design, but the team has decided it is not a design that does not deserve a large amount of attention and effort. These concepts will be used later during concept selection and are designs that may be pursued if high fidelity concepts are not suitable. Table X below shows the five medium fidelity concepts that were selected from our generated concept list.
	Concept Number
	Medium Fidelity Concept

	# 2
	3D printed fiberoptic cable combined with stainless steel, multiple small helical sweeps suspended from top of tank all the same size and operating parallel to each other. Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image

	#8
	RMF transmitter on bottom and top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image

	#59
	Piston like system that compresses the space available for the fluid based on pressure readings so that the 3D image is determined by space available. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image

	#62
	Small 3D printed fiberoptic cable/stainless steel helical sweep that is small enough to enter top of tank after construction that has extended probes of the helical sweep to get readings besides from center of tank. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image

	#83
	RMF transmitter on bottom and top of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image


During our concept generation, these were the ideas we decided would have been a good fit for our design. Each was evaluated and assessed based on the complexity. Concepts 2 and 62 was derived from the FOSS system and incorporated a 3D image based on the tomography of the tank. Concepts 8 and 53 take advantage of an RMF transmitter to aid in measuring tank levels either in units of mass or a percentage. This idea was conceptually one of the better ones but the room for error in our measurement would deviate from the actual levels of fuel within the tank. Concept 59 made use of a piston as a physical parameter in the tank that would use displacement of fuel exiting to measure what would be submitted.
1.5.3 High Fidelity Concepts
High fidelity concepts were also selected from the generated concept list. These are the concepts that the design team has more initial confidence in and will be scrutinized during concept selection.
	Concept Number
	High Fidelity Concept

	# 1
	3D printed fiber optic cable combined with stainless steel, single helical sweep. Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image

	# 33
	RMF transmitter on bottom and top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key

	# 78
	Multiple suspended fiber optic cables anchored at both ends of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image



These concepts each include what is concluded to be the best and most viable concepts to utilize in the project. Concepts 1 & 78 utilize the fiber optic cables to get the mass tomography however their orientation differs greatly from one another. The process of using them is well known (the FOSS system) and the fiber optic casings will not be too difficult to build in house. Concept 33 uses an RMF transmitting, explained in the Biomimicry section, to find the fluid tomography. This is an alternative to using the FOSS system and is the most viable version of the RMF concepts generated due to it requiring a low number of sensors and the readout of the tomography being done using a 2D graph. This 2D graph will be very intuitive and easy to understand rather than a 3D modeling. 

[bookmark: _Toc975211519]1.6 Concept Selection

1.6.1 Introduction
To determine which of the medium and high-fidelity concepts is the best choice to pursue for design, we will use three different selection tools: house of quality, Pugh charts, and the analytical hierarchy process. These tools allow objectives and attributes to be translated into quantifiable values so that the comparison of the design concepts can be quantified and compared. 
1.6.2 Binary Pairwise Comparison
Binary Pairwise Comparison is a tool used to support the importance rankings of the sponsor requirements in the house of quality. If the sponsor requirement in the right vertical axis is more important than the sponsor requirement in the top horizontal axes then a value of 1 is assigned if it is not more important, then a value of 0 is assigned. These values for each row are added up and are used to determine the importance rankings of each sponsor requirement. The binary pairwise comparison table can be seen below.

	Sponsor Requirements
	Cost under $5000
	Reusable

	Accurate Output Values

	Displays Output Values

	Total

	Cost under $5000
	-
	0
	0
	0
	0

	Reusable
	1
	-
	0
	0
	1

	Accurate Output Values
	1
	1
	-
	0
	2

	Displays Output Values
	1
	1
	1
	-
	3



As show by the Pairwise Comparison above, it is determined that the “displays output values” requirement is the most important requirement provided by the sponsor. This logically makes sense because without being able to properly display the output values to the user, there is no use to accurately calculate the output values repeatedly as the user will be unaware of them. 
1.6.3 House of Quality
A house of quality chart first translates the sponsor requirements into actual design specifications. The sponsor requirements are presented on the right vertical axis of the table and each requirement is assigned a value of importance. The value of importance is represented by a scale of 1-5 where one is a lenient requirement and 5 is an extremely important requirement. The top horizontal axis of the table is the engineering characteristic a designer will reference when working on the device. The numbers in the intersecting cells of the chart are the relativity between the sponsor requirements and the engineering characteristics. Ranked exponentially as 0, 3, and 9 where zero is no relation between the two, 3 has a loose relationship, and 9 meaning the two are coupled together and are almost dependent on each other. The bottom horizontal axis is the ranking system of the chart. Raw score is the summation of all the relativity scores multiplied by the importance ranking. The relative weight is the percentage of how each individual engineering characteristic compares to the total, and the rank order is the ranking of the highest relative weight and raw score.
	                                    
	
	
	
	
	

	
	Improvement Direction
	
	
	
	

	Sponsor Requirements
	Importance Rating
	Withstand Extreme Temperatures
	Durability 
	Measures Mass in Zero Gravity
	Measures Tomography

	Cost Under $5000
	2
	3
	3
	3
	3

	Reusable
	3
	3
	9
	0
	0

	Accurate Output Values
	4
	0
	0
	9
	9

	Displays Output Values
	5
	3
	3
	3
	3

	
	Raw Score (135)
	30
	48
	57
	57

	
	Relative Weight %
	22.2%
	35.6%
	42.2%
	42.2%

	
	Rank Order
	4
	3
	½ (tie)
	½ (tie)


Table 1: House of Quality
Above is the ranking of the project functions vs the importance rating chosen for the sponsor requirements. In the row labeled “Relative Weight %” it is shown that both “Measures Mass in Zero Gravity” and “Measures Tomography” tied for the highest ranking. It can be concluded that in relation to what the sponsor believes to be most important, ensuring that the device can measure mass in zero gravity and measure tomography as well as possible is of highest priority. This checks out logically as the main purpose of the device is to accurately measure these values and display them to the user. 
1.6.4 Pugh Chart
The Pugh chart compares the concepts relative to a selected datum concept. A “+” symbol means that that concept would do better in the given selection criteria that the datum concept. An “s” symbol means that concept would have the same efficiency as the given selection criteria. A “-” symbol means that that concept would do worse in the given selection criteria. Eight total Pugh charts were created using the medium and high-fidelity concepts, each iteration using a different design concept as the datum.

	Selection Criteria
	 Concept #2
DATUM
	Concept #8

	 Concept #59

	Concept #62

	Concept
#83
	Concept #1

	Concept #33
	 Concept #78


	Cost
	
	-
	+
	S
	-
	+
	-
	-

	Withstand Extreme Temperatures
	
	+
	+
	S
	+
	S
	S
	-

	Measures Mass in Zero Gravity
	
	S
	S
	-
	S
	S
	S
	S

	Measures Tomography
	
	S
	-
	-
	S
	-
	-
	S

	Durable
	
	+
	+
	S
	-
	S
	S
	-

	# of Pluses
	
	2
	3
	0
	1
	1
	0
	0

	# of Minuses
	
	1
	1
	2
	2
	1
	2
	3


Table 2: Pugh Chart 1
Based on the data collected from the Pugh Charts (Appendix E) and shown above, there are two concepts that are tied with the highest (+) and (-) differential, concepts 8 and 59. Concept 8 has 11 (+) and 5 (-), while concept 59 has 15 (+) and 9 (-). Based on those values, it can be said that these concepts offer the best benefits given their costs. This is an interesting outcome given that both concepts are medium fidelity rather than high fidelity. Concept 59, a piston-based concept, satisfies almost all selection criteria more than the other concepts, except for measuring tomography. This would require an additional component to be added but this would ideally reduce the amount of (-) this concept would have. Concept 8 involves RMF transmitters in the tank, and this concept measures mass better but measures tomography worse than the fiber optic-based concepts. It is also the most expensive of the designs compared, but its results are more desirable. A modification of this idea with another concept could yield the best result. 
1.6.5 AHP Chart
The last tool used for concept selection was the Analytical Hierarchy Process (AHP). AHP is used to determine the importance of sponsor requirements relative to one another. Each row has a corresponding column containing requirements, each cell will be used to cross examine these requirements. In the AHP chart below, the importance of each requirement is cross referenced with the other requirements of the intended design. For example, if “Accurate Output Values” is in the respective column and “Reusable” is the respective row, the corresponding number would be 0.333 because light weight is only one third as important as keeping the device working for three days. Inversely, if “Accurate Output Values” is in the row and “Reusable” is in the column, the corresponding value would be 3 because accurate output values are 3 times more important than reusability.

	Sponsor Requirements
	Cost under $5000
	Reusable

	Accurate Output Values

	Displays Output Values

	Total
	Average

	Cost under $5000
	1
	3
	9
	7
	20
	5

	Reusable
	0.333
	1
	5
	5
	11.333
	2.833

	Accurate Output Values
	0.111
	0.2
	1
	3
	4.311
	1.078

	Displays Output Values
	0.143
	0.2
	0.333
	1
	1.676
	0.419

	Total
	1.587
	4.4
	15.333
	16
	
	

	Average
	0.39675
	1.1
	3.833
	4
	
	


Table 3: AHP Chart
This chart determined that “Displays Output Values” is the most important requirement the sponsor has, from there the second most important is “Accurate Output Values”. The least important requirement is “Cost under $5000” and the second least important requirement is “Reusable”. It is determined that “Displaying Output Values” is the most important sponsor requirement and will be most considered when choosing the final concept.
Shown below is the Normalized Criteria Comparison Matrix, Final Rating Matrix, and Alternative Value Matrix, respectively. Using the values found in the Binary Pairwise Comparison they were ranked against the sponsor requirements and how well they fulfilled each one relative to the importance of the requirement. 

	Normalized Criteria Comparison Matrix [Norm C]

	
	A Cost under $5000
	Reusable
	Accurate Output Values
	Display Output Values
	Design Alternative Priorities {Pi}
	Criteria Weights
{W}

	Cost under $5000
	0.079
	0.032
	0.011
	0.022
	0.051
	0.036

	Reusable
	0.102
	0.127
	0.131
	0.104
	0.061
	0.116

	Accurate Output Values
	0.457
	0.512
	0.533
	0.557
	0.514
	0.515

	Display Output Values
	0.362
	0.329
	0.325
	0.317
	0.374
	0.333

	Sum
	1
	1
	1
	1
	1
	1


Table 4: NormC Matrix

	Final Rating Matrix

	Selection Criteria
	Concept #1
	Concept #33
	Concept #78

	Cost under $5000
	
	
	

	Reusable
	0.429
	0.142
	0.429

	Accurate Output Values
	0.634
	0.106
	0.26

	Display Output Values
	0.615
	0.093
	0.292


Table 5: Final Rating Matrix

	Alternative Value Matrix 

	Concept #1
	0.604

	Concept #33
	0.106

	Concept #78
	0.290


Table 6: Alternative Value Matrix

Concept #1 is the winner with the highest Alternative Value, meaning it best satisfies the customer requirements that were deemed to be most important in comparison to the other two ideas measured. This concept selection tools strongly point towards a CRYOFOSS design being implemented, that of concept 1. However, we will still consider other designs as further research is done as the values from the Pugh Charts indicate that a fusion of two concepts could prove noteworthy. 
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Appendix D: 100 Concepts
1.	3D printed fiberoptic cable combined with stainless steel, single helical sweep. Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
2.	3D printed fiberoptic cable combined with stainless steel, multiple small helical sweeps suspended from top of tank all the same size and operating parallel to each other Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
3.	Multiple suspended fiber optic cables, anchored at both ends of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
4.	Both vertical and horizontal fiberoptic cables anchored to one side of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
5.	3D printed fiberoptic cable combined with stainless steel, a prism constructed of triangular based pyramids Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
6.	A helical sweep fiberoptic cable supported by vertical stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
7.	Multiple small RMF transmitters on the inner sides and bottom of the tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
8.	RMF transmitter on bottom and top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
9.	Piston like system that compresses the space available for the fluid based on pressure readings so that the 3D image is determined by space available Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
10.	Fiber optic cable rings supported by horizontal stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
11.	Multiple probe sensors, stationary from top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
12.	Small 3D printed fiberoptic cable/stainless steel helical sweep that is small enough to enter top of tank after construction that has extended probes of the helical sweep to get readings besides from center of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
13.	A vertical stainless rod supporting a fiberoptic bale in the center of the tank segments of fiberoptic cable extend perpendicularly from rod like branches for readings Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
14.	Multiple 3D printed helical sweeps of descending size layered so as many measurements as possible can be taken to increase accuracy Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
15.	Multiple helical sweeps of descending size layered, all supported by vertical stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
16.	Combination of RMF and 3d printed fiberoptic cable, vertical fiberoptic cables and RMF transmitters on each end of the tank. Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
17.	Combination of stationary probe sensors and RMF transmitter at end of the tank Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
18.	Combination of stationary probe sensors, they are also used to support a single fiberoptic cable helical sweep. Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
19.	Multiple small cameras are installed with the tank and the photos taken produce a tomography graph/3D rendering and based on that rendering and the dimensions/fuel thermal properties a program calculates the mass of the fuel, the mass of the fuel is only recalculated if fuel is added or drawn from tank and processing power is dedicated to tomography Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
20.	A combination of probes and multiple cameras is used to measure mass and tomography Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
21.	A combination of RMF and cameras is used to determine mass and tomography Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
22.	A combination of a helical fiberoptic sweep supported by stainless steel rods and multiple cameras along the inside of the tank is used to gather measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
23.	Anchored fiberoptic cables and RMF is used to take measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
24.	Anchored fiberoptic cables and multiple cameras is used to take measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
25.	A piston like device to provide a limited range when fluid is drawn from the tank and a 3D printed flexible fiberoptic helical sweep is used for measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 3D image
26.	3D printed fiberoptic cable combined with stainless steel, single helical sweep Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
27.	3D printed fiberoptic cable combined with stainless steel, multiple small helical sweeps suspended from top of tank all the same size and operating parallel to each other Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
28.	Multiple suspended fiber optic cables, anchored at both ends of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
29.	Both vertical and horizontal fiberoptic cables anchored to one side of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
30.	3D printed fiberoptic cable combined with stainless steel, a prism constructed of triangular based pyramids Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
31.	A helical sweep fiberoptic cable supported by vertical stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
32.	Multiple small RMF transmitters on the inner sides and bottom of the tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
33.	RMF transmitter on bottom and top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
34.	Piston like system that compresses the space available for the fluid based on pressure readings so that the 3D image is determined by space available Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
35.	Fiber optic cable rings supported by horizontal stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
36.	Multiple probe sensors, stationary from top of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
37.	Small 3D printed fiberoptic cable/stainless steel helical sweep that is small enough to enter top of tank after construction that has extended probes of the helical sweep to get readings besides from center of tank Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
38.	A vertical stainless rod supporting a fiberoptic bale in the center of the tank segments of fiberoptic cable extend perpendicularly from rod like branches for readings Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
39.	Multiple 3D printed helical sweeps of descending size layered so as many measurements as possible can be taken to increase accuracy Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
40.	Multiple helical sweeps of descending size layered, all supported by vertical stainless steel rods Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
41.	Combination of RMF and 3d printed fiberoptic cable, vertical fiberoptic cables and RMF transmitters on each end of the tank. Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
42.	Combination of stationary probe sensors and RMF transmitter at end of the tank. Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
43.	Combination of stationary probe sensors, they are also used to support a single fiberoptic cable helical sweep. Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
44.	Multiple small cameras are installed with the tank and the photos taken produce a tomography graph/3D rendering and based on that rendering and the dimensions/fuel thermal properties a program calculates the mass of the fuel, the mass of the fuel is only recalculated if fuel is added or drawn from tank and processing power is dedicated to tomography. Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
45.	A combination of probes and multiple cameras is used to measure mass and tomography Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
46.	A combination of RMF and cameras is used to determine mass and tomography Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
47.	A combination of a helical fiberoptic sweep supported by stainless steel rods and multiple cameras along the inside of the tank is used to gather measurements. Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
48.	Anchored fiberoptic cables and RMF is used to take measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
49.	Anchored fiberoptic cables and multiple cameras is used to take measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
50.	A piston like device to provide a limited range when fluid is drawn from the tank and a 3D printed flexible fiberoptic helical sweep is used for measurements Displays the tank fuel levels in percentage full and the tomography is shown as a 2D graph that displays the 3rd plane as a variation in color with a color key
51.	3D printed fiberoptic cable combined with stainless steel, single helical sweep. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
52.	3D printed fiberoptic cable combined with stainless steel, multiple small helical sweeps suspended from top of tank all the same size and operating parallel to each other Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
53.	Multiple suspended fiber optic cables, anchored at both ends of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
54.	Both vertical and horizontal fiberoptic cables anchored to one side of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
55.	3D printed fiberoptic cable combined with stainless steel, a prism constructed of triangular based pyramids Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
56.	A helical sweep fiberoptic cable supported by vertical stainless-steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
57.	Multiple small RMF transmitters on the inner sides and bottom of the tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
58.	RMF transmitter on bottom and top of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
59.	Piston like system that compresses the space available for the fluid based on pressure readings so that the 3D image is determined by space available Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
60.	Fiber optic cable rings supported by horizontal stainless-steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
61.	Multiple probe sensors, stationary from top of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
62.	Small 3D printed fiberoptic cable/stainless steel helical sweep that is small enough to enter top of tank after construction that has extended probes of the helical sweep to get readings besides from center of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
63.	A vertical stainless rod supporting a fiberoptic bale in the center of the tank segments of fiberoptic cable extend perpendicularly from rod like branches for readings Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
64.	Multiple 3D printed helical sweeps of descending size layered so as many measurements as possible can be taken to increase accuracy Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
65.	Multiple helical sweeps of descending size layered, all supported by vertical stainless steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
66.	Combination of RMF and 3d printed fiberoptic cable, vertical fiberoptic cables and RMF transmitters on each end of the tank. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
67.	Combination of stationary probe sensors and RMF transmitter at end of the tank. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
68.	Combination of stationary probe sensors, they are also used to support a single fiberoptic cable helical sweep. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
69.	Multiple small cameras are installed with the tank and the photos taken produce a tomography graph/3D rendering and based on that rendering and the dimensions/fuel thermal properties a program calculates the mass of the fuel, the mass of the fuel is only recalculated if fuel is added or drawn from tank and processing power is dedicated to tomography Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
70.	A combination of probes and multiple cameras is used to measure mass and tomography. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
71.	A combination of RMF and cameras is used to determine mass and tomography. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
72.	A combination of a helical fiberoptic sweep supported by stainless steel rods and multiple cameras along the inside of the tank is used to gather measurements. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
73.	Anchored fiberoptic cables and RMF is used to take measurements Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
74.	Anchored fiberoptic cables and multiple cameras is used to take measurements Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
75.	A piston like device to provide a limited range when fluid is drawn from the tank and a 3D printed flexible fiberoptic helical sweep is used for measurements Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
76.	3D printed fiberoptic cable combined with stainless steel, single helical sweep Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
77.	3D printed fiberoptic cable combined with stainless steel, multiple small helical sweeps suspended from top of tank all the same size and operating parallel to each other Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
78.	Multiple suspended fiber optic cables, anchored at both ends of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
79.	Both vertical and horizontal fiberoptic cables anchored to one side of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
80.	3D printed fiberoptic cable combined with stainless steel, a prism constructed of triangular based pyramids Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
81.	A helical sweep fiberoptic cable supported by vertical stainless steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
82.	Multiple small RMF transmitters on the inner sides and bottom of the tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
83.	RMF transmitter on bottom and top of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
84.	Piston like system that compresses the space available for the fluid based on pressure readings so that the 3D image is determined by space available Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
85.	Fiber optic cable rings supported by horizontal stainless steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
86.	Multiple probe sensors, stationary from top of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
87.	Small 3D printed fiberoptic cable/stainless steel helical sweep that is small enough to enter top of tank after construction that has extended probes of the helical sweep to get readings besides from center of tank Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
88.	A vertical stainless rod supporting a fiberoptic bale in the center of the tank segments of fiberoptic cable extend perpendicularly from rod like branches for readings Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
89.	Multiple 3D printed helical sweeps of descending size layered so as many measurements as possible can be taken to increase accuracy Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
90.	Multiple helical sweeps of descending size layered, all supported by vertical stainless steel rods Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
91.	Combination of RMF and 3d printed fiberoptic cable, vertical fiberoptic cables and RMF transmitters on each end of the tank. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
92.	Combination of stationary probe sensors and RMF transmitter at end of the tank. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
93.	Combination of stationary probe sensors, they are also used to support a single fiberoptic cable helical sweep. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
94.	Multiple small cameras are installed with the tank and the photos taken produce a tomography graph/3D rendering and based on that rendering and the dimensions/fuel thermal properties a program calculates the mass of the fuel, the mass of the fuel is only recalculated if fuel is added or drawn from tank and processing power is dedicated to tomography Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
95.	A combination of probes and multiple cameras is used to measure mass and tomography Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
96.	A combination of RMF and cameras is used to determine mass and tomography Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
97.	A combination of a helical fiberoptic sweep supported by stainless steel rods and multiple cameras along the inside of the tank is used to gather measurements. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
98.	Anchored fiberoptic cables and RMF is used to take measurements Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
99.	Anchored fiberoptic cables and multiple cameras is used to take measurements Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image
100.	A piston like device to provide a limited range when fluid is drawn from the tank and a 3D printed flexible fiberoptic helical sweep is used for measurements. Displays the tank fuel levels in mass units available and the tomography is shown as a 3D image

Appendix E: 8 Pugh Charts
	Selection Criteria
	 Concept #2
DATUM
	Concept #8

	 Concept #59

	Concept #62

	Concept
#83
	Concept #1

	Concept #33
	 Concept #78


	Cost
	
	-
	+
	S
	-
	+
	-
	-

	Withstand Extreme Temperatures
	
	+
	+
	S
	+
	S
	S
	-

	Measures Mass in Zero Gravity
	
	S
	S
	-
	S
	S
	S
	S

	Measures Tomography
	
	S
	-
	-
	S
	-
	-
	S

	Durable
	
	+
	+
	S
	-
	S
	S
	-

	# of Pluses
	
	2
	3
	0
	1
	1
	0
	0

	# of Minuses
	
	1
	1
	2
	2
	1
	2
	3


Pugh Chart 1

	Selection Criteria
	Concept #2
	Concept #8
DATUM

	Concept #59

	Concept #62


	Concept
#83


	Concept #1


	Concept #33


	Concept #78


	Cost
	+
	
	+
	+
	S
	+
	S
	-

	Withstand Extreme Temperatures
	-
	
	S
	-
	S
	-
	S
	-

	Measures Mass in Zero Gravity
	S
	
	-
	S
	S
	S
	S
	S

	Measures Tomography
	S
	
	-
	+
	S
	S
	S
	+

	Durable
	-
	
	S
	-
	S
	-
	S
	-

	# of Pluses
	1
	
	1
	2
	0
	1
	0
	1

	# of Minuses
	1
	
	2
	2
	0
	2
	0
	3


Pugh Chart 2

	Selection Criteria
	Concept #2

	Concept #8


	Concept #59
DATUM

	 Concept #62


	Concept
#83


	 Concept #1


	Concept #33


	Concept #78



	Cost
	-
	-
	
	-
	-
	-
	-
	-

	Withstand Extreme Temperatures
	-
	S
	
	-
	S
	-
	S
	-

	Measures Mass in Zero Gravity
	S
	+
	
	S
	S
	S
	S
	S

	Measures Tomography
	+
	+
	
	+
	+
	+
	+
	+

	Durable
	-
	S
	
	-
	S
	-
	-
	-

	# of Pluses
	1
	2
	
	1
	1
	1
	1
	1

	# of Minuses
	3
	1
	
	3
	1
	3
	2
	3


Pugh Chart 3

	Selection Criteria
	Concept #2 

	Concept #8



	Concept #59


	Concept #62

DATUM

	Concept
#83


	Concept #1


	Concept #33


	Concept #78



	Cost
	S
	-
	+
	
	-
	+
	-
	-

	Withstand Extreme Temperatures
	S
	+
	+
	
	+
	S
	+
	-

	Measures Mass in Zero Gravity
	+
	S
	S
	
	S
	+
	S
	S

	Measures Tomography
	+
	-
	-
	
	-
	+
	-
	S

	Durable
	S
	+
	+
	
	+
	+
	+
	-

	# of Pluses
	2
	2
	3
	
	2
	4
	2
	0

	# of Minuses
	0
	2
	1
	
	2
	0
	2
	3


Pugh Chart 4

	Selection Criteria
	Concept #2 

	Concept #8
	Concept #59

	Concept #62


	Concept
#83
DATUM

	Concept #1


	Concept #33



	Concept #78



	Cost
	+
	S
	+
	+
	
	+
	S
	-

	Withstand Extreme Temperatures
	-
	S
	S
	-
	
	-
	S
	-

	Measures Mass in Zero Gravity
	S
	S
	S
	S
	
	S
	S
	S

	Measures Tomography
	S
	S
	-
	+
	
	+
	S
	+

	Durable
	+
	S
	S
	-
	
	-
	S
	-

	# of Pluses
	2
	0
	1
	2
	
	2
	0
	1

	# of Minuses
	1
	0
	1
	2
	
	2
	0
	3


Pugh Chart 5

	Selection Criteria
	Concept #2 

	Concept #8
	Concept #59

	Concept #62

	Concept
#83


	Concept #1
DATUM
	Concept #33

	Concept #78


	Cost
	-
	-
	+
	-
	-
	
	-
	-

	Withstand Extreme Temperatures
	S
	+
	+
	S
	+
	
	+
	-

	Measures Mass in Zero Gravity
	S
	S
	S
	-
	S
	
	S
	S

	Measures Tomography
	+
	S
	-
	-
	-
	
	-
	S

	Durable
	S
	+
	+
	-
	+
	
	+
	-

	# of Pluses
	1
	2
	3
	0
	2
	
	2
	0

	# of Minuses
	1
	1
	1
	4
	2
	
	2
	3


Pugh Chart 6

	Selection Criteria
	Concept #2 

	Concept #8
	Concept #59

	Concept #62

	Concept
#83

	Concept #1

	Concept #33
DATUM

	Concept #78


	Cost
	+
	S
	-
	-
	+
	-
	
	+

	Withstand Extreme Temperatures
	S
	S
	S
	-
	S
	S
	
	S

	Measures Mass in Zero Gravity
	S
	S
	-
	-
	S
	-
	
	S

	Measures Tomography
	-
	S
	S
	S
	S
	S
	
	S

	Durable
	+
	S
	+
	+
	S
	+
	
	+

	# of Pluses
	1
	0
	1
	1
	1
	1
	
	2

	# of Minuses
	2
	0
	2
	3
	0
	2
	
	0


Pugh Chart 7

	Selection Criteria
	Concept #2 

	Concept #8
	Concept #59

	Concept #62

	Concept
#83

	Concept #1

	Concept #33

	Concept #78
DATUM

	Cost
	+
	+
	+
	+
	-
	+
	-
	

	Withstand Extreme Temperatures
	+
	+
	+
	S
	+
	S
	+
	

	Measures Mass in Zero Gravity
	S
	S
	S
	-
	S
	S
	S
	

	Measures Tomography
	S
	-
	-
	-
	-
	-
	-
	

	Durable
	+
	+
	+
	S
	+
	S
	+
	

	# of Pluses
	3
	3
	3
	1
	2
	1
	2
	

	# of Minuses
	0
	1
	1
	2
	2
	1
	2
	


Pugh Chart 8
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