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ABSTRACT

The National Aeronautics and Space Administration (NASA) has long been studying the essential elements of manned planetary
exploration and has held several international challenges to encourage the research works related to it. One of them was the NASA
Centennial Challenge Programs which started in 2015. Following the second in 2017, the third is currently going on in 2019.
Participating “3D-Printed Habitat Challenge”, one of the challenges in the second program, this research team designed and developed
the 3D printer extruding module for the Lunar Simulant (Korea Hanyang Lunar Simulant-1; KOHLS-1) and the polymer. For
optimizing the modul, a cylindrical specimen of @ 150 x 300 mm® volume and a specimen of 200 x 100 x 650 mm® volume were
manufactured and their compressive and flexural strengths were tested. The findings can help automatize the space construction in the
future.
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Fig. 1. Materials Used (a) KOHLS-1, (b) Polyethylene, (c) Mixed Material-Pellet Form

346 Journal of the Korean Society of Civil Engineers



LDPE®] =391 127°C olde] Lxolli A=d 5, 25
S shod WzE g el AlRbE BEe 9T R
Arksted, oF 1 mme] A5 2 mme] =01& 7= A8l et
7 sk9ekFig. 1(C)). ©]= 3D ZHE9] M52 Mgt
B dele 52 v} Ao R Qls) aRite] 1¥e]
ZFsiAl 2Rgste] g Fo] o] FoIR|A| egkonw o] TR
sk7] Slel Al Feh= ARRE 5 ARSIGITE 7 AEe] wiek
NASA 3D-Printed Habitat Challengedl| ] AJAJ8IIE “&=)24
70 % oPF s FA717] SlsiA A7) Ble= ARbslth
(NASA, 2017). KOHLS-1:> 2ojx| A3k EYe] 455 Ed2
shelAlt 2HEE Dol AR 2} fARH Alxgt AoR
skeHd 2/d& the Table 19 YRt

2.2 A=A &=

AldAS] Atell= =] ARle] g e o] 3D-
Printer7} ARS-EQATE B A7l AJRA] AzkE: f18) 7t 3
AR&-H 3D-Printer= At Bl o5 LS = X, Y, Z F
350w e Zrage] si=d] wel JpE Bw= SAe) ofs
o] 7Fsdt 7t & AHTER ofF0] 7hesitt B = e
A 2535, RS etk 5, AR FERE ool Al
Ego] AR 350 AMrER ole Ale el AR vies
Sl AT TEE] AFbo] o] FoRItk & Atelr= AE
150 mm, 0] 300 mme] A7E FAA) Aks S3) A g
FHHst A5 APt £ Aol Skt sk S
W7e NEAE dFEEE Sk 35 AU ASTM
C 39 (@ 150 x 300 mm’)] 1715 A=l B FAA= B

Table 1. Oxide Composition of KOHLS-1 (Ko et al., 2009)

3.1 3D Z2iElS Lflgt AERES| EXIE
B e @A AR SRk EenE E8ste] 9 i
[¢}

(]

P} =2718] 25 ARe] 7Fs3k 3D ZElE] o) Al BE]

N

F
T 5 2ske 20w gk 7 271 el = KOHLS-1
LDPEE k¢t e vigtsle] 33e dsigion, sher]
Feje) B¢ & AR 2 npblsel Ao R s AR

ol QAE Qo] Al gstel Alsrt H= A
PTE ot As7F S TR 2E Belshs @l
AYSIaL, Aol ofsf Feluirh WA o FoiRel] Hekeo]
PTE "R T ARTE QIS FHHA] edoh FE2E Aol
=7Fs skitk

A

L e

32 AMEREC £8d BTS2 flst JhMdiot

37 EAE WA 8, vhedt 22 ARk Xskt
1) Auigks B3l Hl Ju= AR, 2) WEsEY] 255
FYRNE w27 AR} SRS st Als £l
7VA BixE Sl Eelddle] A TPl 4] s
Aze] H=gRT) vk 50°CE sk, =288 4<8s 3}
Zyksle] miRjet BE.L 280°CE A sloitk 1 2 A8 Y
5 ZolA A5} Sof -5 ol A 57 A FYEIA

e A SRl Tk RStk Tl Alst =2

Oxide composition (%)
SlOz TlOz A1203 Fe203 MnO MgO CaO NazO Kzo P205 Etc.
KOHLS-1 54.56 0.70 16.73 5.68 0.18 232 5.44 2.28 3.38 0.21 8.52

(a) Before Improvement
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Fig. 2. Before and After Improvement of the Extruding Module
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Fig. 3. Results of Cylinder Specimen from the Optimization Process

Table 2. Problems Identification and Improvement Measures of Each Parameter for Optimization

No. |Axis Transfer Velocity (mm/s)| Flow Rate (mm®/s)

Heater Temperature (°C) Note

1 20 1570 300

Excessive fluidity of material due to the high temperature

| Lower the heating temperature |

2 | 20 \ 1570 \ 280

| Excessive fluidity of material due to the high temperature

| Lower the heating temperature |

3| 20 \ 1570 \ 250

| High velocity of the axis transfer and Flow Rate

| Lower the velocity of axis Transfer and Flow Rate |

4 | 15 \ 1178 \ 250

| The transfer velocity of axis faster than the Flow rate

| Lower transfer velocity of axis |

5 | 12 \ 1178 \ 250

The efficiency of Extruding module improved to derive the optimum value
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(a) Cylinder for Compressive Strength
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(b) Beam for Flexural Strength

Fig. 4. Manufactured (a) Cylinder and (b) Beam Structure
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