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Abstract: Lunar construction (LC) is one of the
important future directions of human exploration,
utilization, and development of the Moon. This paper

reviews the research progress of LC and in-situ resource
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utilization (ISRU) , focusing on the key basic science
issues including what materials to use and how to build.
First, the main supporting technologies for ISRU on the
lunar surface are summarized, including lunar soil
property analysis, lunar soil simulant preparation, and
lunar soil in-situ additive manufacturing technologies.
Second, the progress of the intelligent construction of the
lunar base is introduced, including the development of the
lunar base construction scheme, the comparison of in-situ
construction technology, and the analysis of the lunar
base construction environment. Finally, the key scientific
challenges of LC and ISRU are discussed, including
resource exploration, scientific site selection, lunar base
bearing safety, lunar soil melting and sintering, and space

construction schemes.

Keywords: deep space exploration; lunar construction;

in-situ resource utilization; lunar soil simulation
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Tab.1 Chemical composition of lunar soil in different sampling sites (w.t. %)

[l &Sw A1l A12 A 14 A 15 A 16 A 17 L 16 L 20 L24 CES
SiO, 42.20 46. 30 48.10 46. 80 45.00 43.20 41.70 45.10 43.90 42.2
TiO, 7.80 3.00 1.70 1.40 0.54 4.20 3.40 0.55 1.30 5.00
AlO, 13.60 12.90 17.40 14.60 27. 30 17.10 15.30 22.30 12.50 10.8
FeO 15.30 15.10 10. 40 14.30 5.10 12.20 16.70 7.00 19.80 22.5
MnO 0.20 0.22 0.14 0.19 0.30 0.17 0.23 0.13 0.25 0.28
MgO 7.80 9. 30 9. 40 11.50 5.70 10. 40 8.80 9. 80 9.40 11.0
CaO 11.90 10.70 10. 70 10. 80 15.70 11.80 12.50 15.10 12.30 11.0
Na,O 0.47 0.54 0.70 0.39 0. 46 0.40 0.34 0. 50 0.31 0.26
K;O 0.16 0.31 0.55 0.21 0.17 0.13 0.10 0.10 0.04 0.19
P,0O; 0.05 0.40 0.51 0.18 0.11 0.12 0.12 0.16 0.11 0.23
Cr,04 0.30 0.34 0.23 0. 36 0.33 0.33 0.28 — 0.32 —

S/LOI 0.12 — — 0. 06 0.07 0.09 0.21 0.08 0.14
Total 99.9 99.11 99. 83 100. 79 100. 78 100. 14 99. 68 100. 82 100. 37 98. 94




5 8 1

i/ S T ERE IR I A P R e S PR 1153

®2 REREAEPEERTWMBEIBEERIE(%)

Tab.2 Volume fractions of minerals and glasses in lunar soil in different sampling sites (%)

WA All Al2 Al4 A1l5 A 16 A17 L16 L 20 L24 CES5
BHCA 21.4 23.2 31.8 34.1 69. 1 39.3 14.2 52.1 20.9 30.1
WA 44.9 38.2 31.9 38.0 8.5 27.7 57.3 27.0 51.6 42.0
A 2.1 5.4 6.7 5.9 3.9 11.6 10.0 6. 17.5 5.8
HYE 0.7 1.1 0.7 0.9 0.0 0.1 0.0 0.5 1.7 0.4
R 6.5 2.7 1.3 0.4 0.4 3.7 1.8 0.0 1.0 4.5
A 16.0 15.1 2.6 15.9 0.9 9.0 5.5 0.9 3.4 16.6
e L B 3 8.3 14.2 25.0 4.8 17.1 8.5 11.2 12.8 3.8 ’
HAb e — — — — — — — — — 0.6
it 99.9 99.9 100.0 100. 0 99.9 99.9 100 99.9 99.9 100. 0
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Tab.3 Mean sizes of lunar soil particles

o RiAEbRifE kL Ay
fts A um {22 S
A1l 48~105(HH) 0.620 35.4 2.77
Al2 42~94(HH) 0.586 47.4 2.49
Ald 75~802(H1{H) 0.677 40.9 3.38
Al5 51~108(rf{f) 0.536 28.4 2.15
A16  101~268(°FF)) 0.885 19.2 7.97
A 17 42~166(3F14) 0.747 17.9 4.41
L16 70~120(H1{4) 0.623 30.3 2.81
L 20 70~80(H ) 0.816 13.2 5.83

CE5 4.84~432.27(°F1) — 4.7540. 39 15.1

F4 RERTHRKRS

Tab.4 Mean morphology of lunar soil particles
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Tab.5 Optimal estimation of internal friction angles and cohesion of lunar soil at different locations and depths

. Fh% J1/kPa PEESES/(°) N
frg R0 FHI R0 FHE LR
W HAE 0.1~1 30~50
fE R bUAER (BTN) 0.17~1.0 45~25
TEH TR (Toh) 0.52~2.7 45~25
SH R 0.34~1.8 45~25
BB X
0~15cm 0. 44~0. 62 0.52 41~43 42 1.07+0.07
0~30cm 0.74~1.1 0. 90 44~47 46 0.96-+0.07
30~60cm 2.4~3.8 3.0 52~55 54 0.78-+0.07
0~60cm 1.3~1.9 48~51
£6 TRIFLMILT AN FHERRY R AL, T ISC-1A BB HEE AR B o 2

Tab.6 Mean compression coefficients of lunar soil
at different void ratios
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Fig.1 Additive manufacturing principles of lunar soil under high temperature environments
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Tab.7 Comparison of different additive manufacturing techniques of lunar soil
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