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Summary:	This design project will utilize systems engineering design principles to facilitate the cost efficient manufacture of lunar regolith simulant material.  Systems engineering design principles include defining  stakeholder expectations and technical requirements, technical solution definitions, technical decision analysis, risk assessment and management, decision analysis, assessment, schedule management, validation and verification.  The primary stakeholders will be Dr. Douglas Rickman of the Marshall Space Flight Center, who is also the NASA technical expert associated with this project, and the SDSM&T Metallurgical Engineering faculty.  Outlines of three possible design projects are given below.  A grant proposal for conducting some experiments in a lunar gravity environment has been submitted and if authorized will be part of this work.

Possible Projects:	The final anticipated design project has three areas of possible work.  The first and most important is utilizing separation technology to reduce the cost of current simulant materials.  Primarily this would be aimed generally at removing minerals that do not occur on the moon.  This would include all hydrothermally-altered minerals.  In addition, separation methods to obtain very pure samples of plagioclase, having a high calcium to sodium ratio and pyroxene materials containing primarily orthopyroxene rather than clinopyroxene will be examined. 
Those minerals that are in the earth-based ores similar in composition to lunar regolith that do not occur on the moon have been identified.  Primarily, these are hydrothermally-altered minerals, including:
· albite (NaAlSi3O8), 
· illite ((K,H)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)]), 
· biotite (K(Mg, Fe)3AlSi3O10(F, OH)2), 
· epidote (Ca2Al2(Fe3+;Al)(SiO4)(Si2O7)O(OH)), 
· chlorite group minerals general structure ((Mg,Fe)3(Si,Al)4O10(OH)2·(Mg,Fe)3(OH)6)
Of secondary importance is better understanding of the major mineral constituents of the lunar surface, particularly related to how these minerals fracture under load.  Typically size and shape of the fractured mineral vary as the load is increased and both of these characteristics (size and shape) are critical to obtaining the highest fidelity lunar simulants.  Methods to achieve the correct simulant shape have been examined.  Mineral breakage is a complex function of the bond strength of the atoms within the material, the mineral particle size, the conditions (mineral pretreatment, dry or wet comminution, temperature and humidity, etc.) and the type of equipment used.  One of the most important mineral related criteria is the Bond work index.  A variety of methods for determining the Bond work index has been found, and these are being critically evaluated.
Of at least equal importance to the size and shape issues, understanding how mineral beneficiation processes are altered by lunar conditions is of great importance to successfully achieving future mission goals.  In general these methods are likely to be, at least initially, simulations.  Terrestrial crushing and grinding have been simulated quite extensively and altering the gravitational force should be relatively straightforward.  The environment effect will be more challenging.  For terrestrial unit concentration operations, modeling is less well understood.  As such, initial work will concentrate on relatively simple physics-based, sum of forces simulation.  More complicated models will be considered as time and necessity warrant.  One possibility involved with this aspect of the design project, is performing validation testing through the Systems Engineering Educational Discovery (SEED) Reduced Gravity Education Flight Program.

