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 7.0 ⎸Conclusion 

 Refining lunar regolith is a novel and broad process. Using various design tools, the 
 team went through a process of broadening and then narrowing down different solutions 
 and ideas related to the problem. Initial steps such as the use of the black box model, 
 defining metaphors, and developing a house of quality from customer needs allowed the 
 team to clearly understand the context of the problem. Idea generation then allowed the 
 team to explore new directions. This expansion of ideas helped highlight new areas for 
 innovation that were missed during the early phases of the design process. Research 
 done into both man made, and biological designs helped narrow down ideas that were 
 both feasible and innovative. A critical review of the ideas allowed the team to filter 
 down a wide set of over sixty broad ideas, into three well defined paths for an innovative 
 solution. 

 The next steps in this project will involve developing a proof of concept model to verify 
 the results of the design process.  This could be limited to a combination of calculations 
 and computer modeling due to the restrictions of the team. The team will also need to 
 critique the design process so far to ensure that the best directions were chosen and 
 potentially identify any missed ideas. 
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 6.5 ⎸Team Member Contributions 

 All methods were completed during group meetings. The descriptions included for each 
 section were completed by the following members: 

 Executive Summary: Gavan Sarrafian 
 Introduction: Max Zegers 
 Mission Statement: Ryan Grajewski, Thomas Dodd 
 Project Background: Gavan Sarrafian, Michael Amoun, Max Zegers 
 Metaphors: Completed as a team 
 Intuitive Analogies: Completed as a team 
 Research Results: Michael Amoun, Ryan Grajewski, Thomas Dodd 
 Customer Needs Analysis and Green’s CNA: Completed as a Team 
 House of Quality: Completed as a Team 
 Black Box Models: Michael Amoun (1), Max Zegers (1), Ryan Grajewski (1), Gavan 
 Sarrafian (1), Thomas Dodd (1) 
 Function Tree: Completed as a Team 
 Metaphors: Completed as a Team 
 Engineering Specifications: Completed as a Team 
 Diagrams of Methods Used: Completed as a Team 
 Mind Map: Completed as a Team 
 Word Trees Completed as a Team 
 Intuitive Analogies from Word Tree Method: Each member completed ~4 Analogies, and 
 reviewed as a Team 
 6-3-5 Method: Completed as a Team 
 Morph Matrix: Completed as a Team 
 Prior Art Patent Search: Completed as a Team 
 Bio Inspired Designs: Each member completed ~4, and reviewed as a Team 
 1st Design Down Select: Completed as a Team 
 2nd Design Down Select: Completed as a Team 
 Plan for Proof of Concept: Michael Amoun, Max Zegers, Ryan Grajewski, and reviewed 
 and adjusted by entire team 
 Conclusion: Max Zegers, Gavan Sarrafian, Michael Amoun 
 Gantt Chart: Thomas Dodd 
 Resources/Appendix: Michael Amoun & Max Zegers formatting, All team members 
 contributed different sources 
 Team Contract: Thomas Dodd 
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 APPENDIX 
 Resources: 

 1  https://bigidea.nianet.org/wp-content/uploads/2023-BIG-Idea-Challenge-Proposal- 
 Guidelines.pdf 
 Title: “NASA Big Idea Challenge”, Author: NASA, Date of Access: September 11, 
 2022 

 2  https://www.nasa.gov/press-release/as-artemis-moves-forward-nasa-picks-spacex- 
 to-land-next-americans-on-moon 
 Title: “As Artemis Moves Forward, NASA Picks SpaceX to Land Next Americans 
 on Moon”, Author: Brian Dunbar, Last Edited: April 22, 2021, Date of Access: 
 September 14, 2022 

 3  https://history.nasa.gov/alsj/TM-2005-213610.pdf 
 Title: “The Effects of Lunar Dust on EVA Systems During the Apollo Missions”, 
 Author: James R. Gaier, Published: March 2005, Date of Access: September 14, 
 2022 

 4  https://bigidea.nianet.org/wp-content/uploads/SLS-SPEC-159-Cross-Program-Desi 
 gn-Specification-for-Natural-Environments-DSNE-REVISION-H.pdf 
 Title: “CROSS-PROGRAM DESIGN SPECIFICATION FOR NATURAL 
 ENVIRONMENTS (DSNE)”, Author: NASA Published: August 12, 2020, Date of 
 Access: September 14, 2022 

 5  https://sservi.nasa.gov/?question=sound-moon#:~:text=However%2C%20the%20 
 Moon%20is%20in,no%20sound%20on%20the%20Moon  . 
 Title: “Sound on the Moon”, Published: August 25, 2010, Date of Access: 
 September 14, 2022 

 6  https://www.space.com/18175-moon-temperature.html 
 Title: “What is the temperature on the moon”, Author: Doris Elin Urrutia, Tim Sharp, 
 Published: February 28, 2022, Date of Access: September 12, 2022 

 7  https://www.nasa.gov/sites/default/files/atoms/files/a_sustained_lunar_presence_n 
 spc_report4220final.pdf 
 Title: “NASA’s Plan for Sustained Lunar Exploration and Development”, Date of 
 Access: September 14, 2022 

 8  https://www.nasa.gov/mission_pages/tdm/fission-surface-power/index.html 
 Title: “Fission Surface Power”, Author: Jennifer Harbaugh, Date of Access: 
 September 14, 2022 

 9  https://standards.nasa.gov/sites/default/files/standards/NASA/B-w/CHANGE-1/1/N 
 ASA-STD-5008B-Revalidation-w-Change-1.pdf 
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https://standards.nasa.gov/sites/default/files/standards/NASA/B-w/CHANGE-1/1/NASA-STD-5008B-Revalidation-w-Change-1.pdf


 Title: “PROTECTIVE COATING OF CARBON STEEL, STAINLESS STEEL, AND 
 ALUMINUM ON LAUNCH STRUCTURES, FACILITIES, AND GROUND 
 SUPPORT EQUIPMENT”, Author: NASA, Published: May 31, 2016, Date of 
 Access: September 14, 2022 

 10  https://www.space.com/nasa-plans-artemis-moon-base-beyond-2024.html 
 Title: “NASA unveils plan for Artemis 'base camp' on the moon beyond 2024”, 
 Author: Meghan Bartels Published: April 03, 2020, Date of Access: September 14, 
 2022 

 11  https://www.nasa.gov/feature/a-next-generation-spacesuit-for-the-artemis-generati 
 on-of-astronauts 
 Title: “A Next Generation Spacesuit for the Artemis Generation of Astronauts” 
 Published: October 8, 2019, Date of Access: September 14, 2022 

 12  https://bigidea.nianet.org/wp-content/uploads/2020/09/Artemis_Plan_NASAs_Luna 
 r_Exploration_Program_Overview_September_2020.pdf 
 Title: “NASA’s Lunar Exploration Program Overview”, Published: September 
 2020, Author: NASA, Date of Access: September 14, 2022 

 13  https://standards.nasa.gov/safety-quality-reliability-maintainability 
 Title: “8000 - Safety, Quality, Reliability, Maintainability”, Date of Access: 
 September 14, 2022 

 14  https://www.aispacefactory.com/lina 
 (Company: AI Space Factory) Title: “LINA THE FIRST HUMAN FOOTHOLD ON 
 THE MOON DEVELOPED IN COLLABORATION WITH NASA”, Date of Access: 
 September 14, 2022 

 15  https://www.youtube.com/watch?v=AIrH01N9AsE 
 Video Title: “HASSELL + EOC presents MARS HABITAT” Uploaded/Published: 
 March 12, 2019, Date of Access: September 14, 2022 

 16  https://lunar.gsfc.nasa.gov/images/lithos/LROlitho7temperaturevariation27May201 
 4.pdf 
 Title: “North Pole”, Author: NASA, Date of Access: September 21, 2022 

 17  https://curator.jsc.nasa.gov/lunar/letss/regolith.pdf 
 Title: “Lunar Regolith”, Author/Source: NASA Lunar Petrographic Educational Thin 
 Section Set C Meyer - 2003, Date of Access: September 21, 2022 

 18  https://journals.sagepub.com/doi/pdf/10.1177/09544100211029433 
 Title: “Generating and storing power on the moon using in situ resources”, 
 Author: Alex Ellery, Date of Access: September 21, 2022 

 19 
 https://www.machinedesign.com/news/article/21829303/safety-in-automation 
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https://curator.jsc.nasa.gov/lunar/letss/regolith.pdf
https://journals.sagepub.com/doi/pdf/10.1177/09544100211029433
https://www.machinedesign.com/news/article/21829303/safety-in-automation


 Title: “Safety in Automation”, Author: Dan Hornbeck, Date of Access: “September 
 21, 2022” 

 20  https://hackaday.com/2021/12/13/mining-and-refining-from-red-dirt-to-aluminum/ 
 Title: “MINING AND REFINING: FROM RED DIRT TO ALUMINUM”, Author: Dan 
 Maloney, Published: December 13, 2021, Date of Access: September 21, 2022 

 21  https://www.nasa.gov/centers/ames/research/technology-onepagers/radiation-effe 
 cts-materials.html 
 Title: “Space Radiation Effects Materials”, Author: NASA, Date of Access: 
 September 21, 2022 

 22  https://pubs.geoscienceworld.org/msa/ammin/article-abstract/65/3-4/272/41130/Th 
 e-melting-and-breakdown-reactions-of-anorthite?redirectedFrom=PDF 
 Title: The Melting and Breakdown Reactions of Anorthite at High Pressures and 
 Temperatures, Published: 1 April 1980, Date of Access: September 21, 2022 

 23  http://eps.berkeley.edu/~wenk/TexturePage/Publications/1971-Lunar-ilmenite-CMP 
 .pdf 
 Title: Lunar Ilmenite (Refinement of the Crystal Structure), Published: 29 October, 
 1970, Date of Access: September 23, 2022 

 24  https://www.saimm.co.za/Journal/v108n01p035.pdf 
 Title: Ilmenite Smelting: The Basics, Published: 1 February, 2008, Date of Access: 
 September 23, 2022 

 25  https://ntrs.nasa.gov/api/citations/20220005893/downloads/Power%20and%20Ene 
 rgy%20for%20the%20Lunar%20Surface.pdf  Title: Power and Energy for the Lunar 
 Surface, J. Csank and J. Scott, NASA, Published: April 29, 2022, Date of Access: 
 October 29, 2022 

 26  https://ntrs.nasa.gov/api/citations/19790024054/downloads/19790024054.pdf 
 Title: Space Resources and Space Settlements, Published: 1979, Date of Access: 
 September 23, 2022 

 27  https://lunarpedia.org/w/Lunar_Aluminum_Production#:~:text=Anorthite%20could 
 %20be%20directly%20reduced,Aluminum%2C%20Calcium%2C%20and%20Silic 
 on. 
 Title: Lunar Aluminum Production, Published: 10 April 2019, Date of Access: 
 September 23, 2022 

 28  https://articles.adsabs.harvard.edu//full/2010IJAsB...9...89H/0000092.000.html 
 Title: The Solar Wind Power Satellite as an alternative to a traditional Dyson 
 Sphere and its implications for remote detection, 
 Author: Harrop, B. L. & Schulze-Makuch, D, Journal:International Journal of 
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 Astrobiology, Volume 9, Issue 2, p. 89-99. 
 Published: March 31, 2010, Date of Access: October 5, 2022 

 29  https://www.multotec.com/en/minerals-processing-iron-ore 
 Title: Iron Ore Processing Flow Sheet, Author: Multotec, Date of Access: October 
 5, 2022 

 30  https://asknature.org/strategy/appendage-creates-tremendous-forces/ 
 Title: How Bubbles Super-Power the Mantis Shrimp’s Punch, Ask Nature, 
 Published: March 29, 2021, 
 Date of Access: October 12, 2022 

 31  https://royalsocietypublishing.org/doi/10.1098/rspb.2016.1392 
 Title: Always Chew Your Food: Freshwater Stingrays Use Mastication to Process 
 Tough Insect Pray, 
 The Royal Society Publishing B, Biological Sciences, Authors: M. Kolmann, K. 
 Welch, A. Summers and N. Lovejoy, 
 Published September 14, 2016, Date of Access: October 12, 2022 

 32  https://www.sciencedirect.com/science/article/pii/S0928493199001290?via%3Dihu 
 b 
 Title: Radular Teeth as Models for the Improvement of Industrial Cutting Devices 
 Materials Science and Engineering:C, Vol.7, Issue 2, pg 129-142 Authors: P. v.d. 
 Wal, H. Giesen, J. Videler 
 Published: December, 1999, Date of Access October 12, 2022 

 33  https://asknature.org/strategy/hair-like-structures-filter-fine-materials/ 
 Title: Hair-Like Structures Filter Fine Materials, Fiddler Crabs, Ask Nature, 
 Published: August 18, 2016, 
 Date of Access: October 12, 2022 

 34  https://asknature.org/strategy/baleen-plates-filter-food/ 
 Title: Feathered "Teeth" Filter Food, Blue Whale, Ask Nature, Author: Mary Hoff, 
 Published: October 15, 2021, 
 Date of Access: October 12, 2022 

 35  https://asknature.org/strategy/how-kidneys-filter-and-recycle/ 
 Title: How Kidneys Filter and Recycle, Humans, Ask Nature, Author: Andy 
 Carstens, Published: December 2, 2021, 
 Date of Access: October 12, 2022 

 36  https://www.ashawaconsultsltd.com/biomining-as-an-alternative-to-smelting/ 
 Bio-Mining As An Alternative to Smelting,Ashawa Consulting, Author: Ashawa, 
 Published: April 10, 2017, 
 Date of Access: October 12, 2022 
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 Title: Enhanced Bio Recovery of Aluminum From Low Grade Bauxite Using 
 Adapted Fungal Strains, 
 Brazilian Journal of Microbiology, Authors: S. Shah, M. Palmieri, S. Sponchiado, D. 
 Bevilaqua, 
 Published: August 4, 2020, Date of Access: October 12, 2022 
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 Title: Salt and Squeezing Turn Liquid to Spider Silk, Spiders, Ask Nature, Author: 
 Mary Hoff, Published: June 15, 2021, 
 Date of Access: October 12, 2022 
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 Title: Body Heat Melts Wax to Form Hexagons, Ask Nature, Author: Andy 
 Carstens, Published: February 3, 2021 
 Date of Access: October 12, 2022 

 40  https://asknature.org/strategy/combustion-chamber-sprays-scalding-liquid/ 
 Title: Combustion Chamber Sprays Scalding Liquid, Contracted Bombing Beetle 
 Ask Nature, Published: August 18, 2016, Date of Access: October 12, 2022 
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 Authors: T. Eisner and D. Aneshansley 
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 43  https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1973.tb0455 
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