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An Experimental Study on Air Evacuation from Lunar Soil Mass
and Lunar Dust Behavior for Lunar Surface Environment
Simulation

ABSTRACT

For sustainable lunar exploration, the most required resources should be procured on site because it takes tremendous cost to transfer
the resources from the Earth to the Moon. The technologies required for use of lunar resources refers to In-Situ Resource Utilization
(ISRU). As the ISRU technology cannot be verified in the Earth, a lunar surface environment simulator is necessary to be prepared in
advance. The Moon has no atmosphere, and the average temperature of the lunar surface reaches to 107 C during the daytime and -153
C atnight. The lunar surface is also covered with very fine soils with sharp particles that are electrostatically charged by solar radiation
and solar wind. In this research, generation of vacuum environment with lunar soil mass in a chamber and simulation of
electrostatically charged soils are taken into consideration. It was successful to make a vacuum environment of a chamber including
lunar soils without soil disturbance by controlling evacuation rate of a vacuum chamber. And an experiment procedure for simulating
the charged lunar soil was suggested by theoretical consideration in charging phenomena on lunar dust.
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1960\t W53 49 AR R G Hatel] thisk A
FAZE Ao, WA F2olFo] & "Ak= 4E] s
Ak 2 20000 o) UE, T, A% T AT
8 A BAA, HEHHR] BRI & R AlzEs
L ok wEp e $ES AR @ 'RE S1g AR
QA&-8(In-Situ Resource Utilization, ISRU) 7]% 7o) vla=
7¥8ka 9tk NASA+= ISRU 714E 671/ 2 AAsk ¢9oH
o= 1) AF)2] ©AKresource assessment or prospecting), 2)
Aol EE(resource aquisition), 3) AFJe] *{E|(resource
processing or consumable production), 4) dA]ol|x o] Az
(in-situ manufacturing), 5) §X]e}|*2] 7A(in-situ construction),
6) FAAAE] ol =] AFAKin-situ energy)o|tiLinne et al.,
2017). o]&3t 7|&s ¥ o= el SEiiE Bt fARet
oA HIZESY] $I5k APdo] Hash, of7lolx Bast 71
o] & AP} g AL 7)selth

9o A} g ke AR g 1 gL vikg- sEksl,
Y& A7 1/6 =<rolrk vt whe] wmsh= ulhg- 74
g o] Fte = Yhojl= 107 °C, Wholli= —153 °Cof| s,

Gl 23 F2Fet8(weathering) © 2 & ER A2l nAlRE
50 2 o]Fofx] dti(Heiken et al., 1991). w2 & 2P 34
RS SlEiMe E, 5% 9, HEEAL U, & B
59 ®Ap} dasit

GFEIEALIN 7P kA 0 2 ARgEE AVl dxke e
(thermal vacuum chamber) 2 13837} #2/31-& 374 24
7¥s3ct o]l e Gt glom, el
AT P ExE A7 thiEAo]ek(Cho et al., 2007).
8 RS B fIek A2 F214] 33 Z=|(Random
Positioning Machine, RPM), Centrifuge 52| =7} Jti(Borst
and van Loon, 2008; Kim et al., 2009). T=3} EjREA} BALS
98] =] ule} TR R WLE AT S gk Tawdil
et al, 2018). B B dlsiMm= B 37} o] Fo1A el
ofe] TR JdFYVErt EAE Sl jeiT e QeEd
EE 2R 7ideto] 283kl S Ryu et al,, 2015). 12fut of7]elA
AAE BE 7es E83le] Ao & B 8-S b8l
TSk e dF o R ofeige] Bor, HSshlat she Fa
SPge BAksle] e} Vles HIAE dhk= Zlo] ddFo|tk
dolxe] ISRU 7[&75S S5k SERAPIA 41231 Fae
Fr0] oS Wil Sl AL nlARE @ BEYTte] Ak

S
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¢J© 1(Kleinhenz and Wilkinson, 2014), =3} Kruzelecky et
al(2017)= X1 QJIFYHES Yol v ejds
ARE BARIGTE @ FRddME BEAR) gl o5 &
FHHo] 714 izlo] ==, & 3ol Aoy ARt gls
o W7} FH GElEE @R off EAIE oIt &
A2 71 i @S ATkl BARSRE Al=E0]
@It} Flanagan and Goree(2006)-2 electron beam$ ©]-8-5}]
Szt SN WA Bt s BEAFSIGIO M, Abbas et
al Q0072 ALPAUV)E o] 51e] Wrlee] gzt el
= e mAss

Ho¥0

ool e A el @ Eelxe] Y Aol 2ts
sEElon, B A= ek ISRU 7 A &8 7
93 S AP mAP Il S gL Sivk A A e
vhge] dRles I3k WS 24 7ol ¥k Zlo= v
& AR} agk glo] ks ZolaL, 7 WAl e AFEeael)
E3H Abel] Wi S sk otk £ =2 ANks
R Eed 27300 ik A=) el o] Ak
] vpdgrde] vizfugl thgh a2 Bl ofs el Sk A
o] thel 7133k

2. T|HS TRI0HX

12
[ L0 L-O —

2.1 XRts =eloh Thgetd F18io| EAlA

NASA Glenn Research Centerol = 27 1.5 m, =0] 3.66 m2]
A7) 0.64 m Zlole] oF 1Ee] BAYHES Y 107
Torr®] 3w=g AT 71X &5 Zeiuiol ¥aL 3kt
AoA vep = 271 EAR ] tisia s vk 3l Wl
Zhel| ek Bgollr] o] e £o Q= o 7t
w2 M MEEHEA Fo] wekele Ae)a(Fig. 1), 7
WA= o]k &7k outgas) = 13 Fg=rF VA AL, B
she awd =gkt defle ARMe] ZolRlde Aot
(Kleinhenz and Wilkinson, 2014).

gl ek FPox Ve ARE welde] AR
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32 237 g% ARk ado] glojof gkt Kleinhenz and
Wilkinson(2014)2 2387 24 F AUEEE =g 34
Ate] o] WPISH) Sherhs S WSO, AeikEe
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Fig. 1. Soil Disturbance During Evacuation (Kleinhenz and Wilkinson, 2014)
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ATE Y3 ARFE AER 280 Lo &5 EE F Je At
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Fig. 3. Pumping Down Curve of the Pilot DTVC
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Fig. 4. Surface of the Soil Bed Before (a) and After (b) Pumping Down Test
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=] AL o)Fsit): 53k & THe Eljof 2je)A(solar UV)Zh

oFZ(solar wind)ol] ¢Jsl thEo] gltkColwell et al., 2007).

& FERie] 9] iAje] ost o)t ke of) Siule] A
= AL e Gapt Bl dehds o= QIR @ ¥t
BE At AL ol dis 7 SaS A1 Tl
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