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ISRU: In-Situ Resources Utilization
� Technologies to extract consumables (O2, H2O, N2) for human life-support 

replenishment and source material for ISFR

ISFR: In-Situ Fabrication and Repair
� Fabrication Technologies

� Repair and Non Destructive Evaluation Technologies

ISRU and ISFR ISRU and ISFR paradigmsparadigms

� Repair and Non Destructive Evaluation Technologies

� Habitat Structures

Perspectives:
� Minimize the materials carried from Earth

� Reduce launch mass and cost

� Increase mission-time
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MAIN OUTPUTS OBTAINED



Moon: Moon: overviewoverview

MOON

Distance 363104-405696 km

Time required three days

Gravity 1/6 g

Temperature -258  ÷ 127 °C

Atmosphere 10-12 torr

Soil main Ilmenite
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Soil main

minerals

Ilmenite

Ca-rich Piroxene

Plagioclase

Anorthite

Cosmic rays and solar wind → 

fabrication processes for suitable protection structures 
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FabricationFabrication ofof physicalphysical assetsassets: State : State ofof the Art the Art 

� The production of structural elements without taking advantage of in situ 

materials has been proposed Moore et al. International  Journal of SHS, 14 (2005)

� A certain geothermite reaction which did not display self-propagating 

character and required long time and large amount of energy to be ignited 

has been investigated Faierson et al., Acta Astronautica 67 (2010)

� Lunar regolith as diluent has been addressed Martirosyan, K. S. et al., 37th Lunar � Lunar regolith as diluent has been addressed Martirosyan, K. S. et al., 37th Lunar 

and Planetary Science Conference (2006)

� The use of Magnesium as reducing agent has been analyzed without taking 

into account its high vapour pressure and the corresponding low boiling 

temperature in low pressure conditions White et al., 49th AIAA Aerospace 

Sciences Meeting including the New Horizons Forum and Aerospace Exposition (2011)
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LunarLunar RegolithRegolith SimulantSimulant: JSC: JSC--1A1A

Mineral group Chemical species

Ilmenite

Plagioclase

(FeTiO3)

Anorthite (CaAl2Si2O8)

Albite (NaAlSi3O8)

Orthoclase (KAlSi3O8)

Olivine Fosterite (Mg2SiO4)

Ca-Piroxene Wollastonite (CaSiO3)
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SetSet--up for ground and parabolic flight experimentsup for ground and parabolic flight experiments
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SetSet--up for ground and parabolic flight experiments up for ground and parabolic flight experiments --22

Thermocouples 

feedthrough

Thermocouples 

plugs
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Tungsten coil

Quartz tube

Connectors for thermocouples wires
Steel flange



SetSet--up in parabolic flight configuration up in parabolic flight configuration 
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Production Production ofof physicalphysical assetsassets

 

Video output showing the SHS process evolution
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Temperature Temperature profilesprofiles
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Temperature profiles recorded during the SHS process for the case of the 

S3_RL30 
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GravityGravity effecteffect on on frontfront velocityvelocity

Effect of gravity level on the average velocity of the self-propagating 

combustion front for the cases of (Al/FeTiO3) molar ratios equal to 2 

(a) and 3 (b), respectively.
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OptimizedOptimized systemssystems

Composition of the optimal reacting mixtures as a function of the (Al/FeTiO3)

molar ratio used
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GravityGravity effecteffect on on microstructuremicrostructure

SEM microstructure of the reaction product synthesized under 

terrestrial (a) and low-gravity (b) conditions, respectively: S2_RL0

(a)
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(b)



Compressive Compressive strenghtstrenght

Pellet and Brick prototypes

Compressive strength measurements provided average values of 27.2 

± 3.6  and 25.8 ± 3.6 MPa, for the S2_RL20 and S3_RL30 systems, 

respectively
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NASA’sNASA’s selectionselection withinwithin ISECGISECG forfor futurefuture spacespace explorationexploration missionsmissions

Mounting of
structural elements

Solar electric power
production
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production 

(SHS reaction) 
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• creazione di una task force italiana per 
l'esplorazione robotica ed umana dello spazio 

• progettazione e realizzazione di 
dimostratori/breadboard terrestri o per lander
delle tecnologie brevettate per future missioni 

WhatWhat nextnext? 10 ? 10 millionmillion euroseuros requestrequest forfor 3 3 ysys sincesince 20112011

delle tecnologie brevettate per future missioni 
robotiche e umane

• sviluppo di nuove tecnologie per l'esplorazione 

robotica ed umana dello spazio
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IsIs therethere anyany questionquestion??
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