20CTAP
-C1451
87-03

< 0 rotolm MUk >n>Z

FJ HI O B ol DN Mfp N MEN > N ox Joh

x

2020

I ofm kJ Hn
40 ofol 1 > N 1ok Y= ofm 1 Hm KU

NN

O OH ¥
O oM rH
2 r2rl
4 4

i——

ZH( v ), BIZZH( ) PHESEHS(11-B552989-000318-01)

I M3X A= EF EOM

| R&D / 20CTAP-C145187-03]

NASA EHgIE o|_|'
SiM K| 7Bt V= 45

ZSEIOM

2020 . 8 . 13.

2t/ stetCHof|2| 7} Atstgi=dch
zZt / Yagi=
2t/ XArc

ZERER







2, HER

H &

IENEDET| EHE A3

'FEME7|EFAH TS (AT 712H: 2018 . 4 . ~ 2020 . 6 ) BpHE] ZEHTM 2%

B 4 et
2020 _E.- . T
TR T2 MY steFiErm o 2|FMete ST i BEXY) SEiE {'F_F}: B
(CHEAH O|#= .

SEEHTIIEY : 23z

EFEWETIHYE : XA (HEXN samuel :;meneg _{:g){ :

AT SRR o|el4]
ZEH A7 A OlHS, samuel ximenes

TENSFLE AFMEAY EEAE H2o=0 et HER OA RO
Sof gt




3. HOA 29kA]

HIOAM QUM

!
£
Kl
0
I
fol

20CTAP-C145

187-03

2020.01.01.~06.30

(3&HA) /

SPTERY
i (3847

EALY

SENETS

SRR

CHbA

M| = 2

§2
-
¥
e
B

ol el Al

ME 70,0008
DIZE ;24,0008

s e ==
oHou_I'j:” g—?—gl 7:(_‘[—?—-]
o1 4|

AR 5,0008€
Al i 99,000

5 550,000
2172 184,000 &
& ol 7| Hee ;M

AHH= 0 100,000%12
Al - 83,0008

o7 By o

AN -
4= TA-iDo:‘

SRR
Hazl=

FHBEAT

A= oA 7|2 XAre

o4 -3 A}

re
Qlok

Mol Z|Met Eez &

mjo

o =
AL
orf M1t S5 -
e o =5 2I0M e . ’%%IF%H MUES
— [ = o| o == Do o% =
Uz by ety xH Al
S5-7I
B s v v
ES ] A - T B
Al A 2 ol % n
07| 2t ATA| Tt 74 ?“x:l_ 4 '?I_n_ NTIS_
ey (2 ) (M3)  (MxE) SEHE
- wazlEl NFEG-20
ok 4.3%4.3%3 N _
_ 3D HEZ| 36,300 | (0104083 =Z|A&= 19-05
oistu
1885) -255773

500Xt o|j 2 EtAstch) EIOM HE




T EZMEOS

SEEEN

(e

X
— —
2 elztel MAIXIE W8] s 3D

o ol Rozol fR0WS A
=Zglg vlen F #xlel xds =8 AF Izl ofEt otollof
ZoMe HES

O TEAtS0| ez Zolut Mo 7[X[E ZA-de of XM F& 5+ U= MEE
At8s 3D ZEEHZ M (3DP)st= Z|l= JHEE fIet ol tiEe ol§2
‘NASA ME|LY HEIX|: HFX|l 3D £3 Of3|(3-D Printed Habitat Challenge
olst CCP)Z, =E= 20304 0|=29 ®FASFMEAL AH=o| o2l Ftnt
Hl=st 2tM X = 2
TR0l HE HFXE ALY 7= J|ss 25| flsl st AFX HA,
3D ZEIEY AF & JHY, SX| AFX| Mz & 25 M tHAZER =S

O & AF0M = NASA thz| Fofstol E-stdI[X| M J|dt 7| 23S #
=H @y A7

o

O - 247X A4 gk 7|2 MEE Jitse AR XA MERE
ZESAL XAt EtE &850 1) BIM 7|8 AHAFX] HA R JH A

T 283 2) F4 MAlE AFX A& 3D ZEE Al Zdez o|Fod

O 2 d7nM= =uolM TSR xRt ZIs(RF HAFA HA 7]8)2
THHHE Sof 7 Aol NASAOIM FEst= HFX| 3D £ o=
3ctAlof EHIISH 7|5 82 H MEE 5=

O Mot A7}

1) NASA tiEloflM HMAIGH =2 7t 2 HEZ|ol &2 JHsE 7|8 7HY
- F YA AY £ MSAEL Astet =AM 3D ZEE ME IS
o

X ALE | g
FAFE Mo L2[E 7He

=3
- 2F®ol oju2t KT HHWME Mg b5t W

— — =

n
to

Eg|et AFEAIAERIS HE

9 ~Z 9o Hoj AIAE Ny
3) WERIZ AIZ JH58 CIR T 2 5 BRI AIBY HEB
- 2xE, WE, M BHS SHE WESHE(end-to-end) A2 2
O ¥YH NI BF
- 53 &2 171, SCI(E) 2 =2: 271, 2 34| 27
O = 7|2 2018-194 NASA HFX| 3D £=H3| 3CHA

AT TpH|olf A TH L A
‘3D ZElE Jlsg o8 dE ZdsS HMETH FHoistod YisEe
A3&s5tal, el 3 AL ojdo =M=z FO{SHIAL &

O 38D Printing 7|#HE HET Aszt HEASE 7IH22 St Als gHEH2
oA #2E otz = A dEE HE Jis=. @M Hd4A
eictel2 ZILEE AHHe=z &85t A2, ol A[HE HMZE A
UMz = CtEol CO2 HiEE st ABoz =75t MEFF 7122 A=
UF. = AFIA e Zzel =20 AHEESE AIESHA| 2= HE Al 382
S7IctE, |8 Hd, HHEM S ciZe EEE ot 2t A[HETE HIMALE

ol
—_
o
I

=
Xxoz =EsSH] o2 XHollM st 3D ZEEHE S

EXIIFE AM (490 HF, 15000Hd A2)0| Tt
O ol 4 $2X ZHolA 24 MFo| 71 52t AIZ AlZh ohE, A&E
S5 S8 755 5tod LEIIDIX| HAAM MES AEEAZ = US
SH
;H = Ha)|= MEAZ NASA JIBEAl A




02
Fo
50)

o
Ho

< SUMMARY >

Purpose &
Contents

The ultimate goal of this research is to demonstrate fundamental Moon/Mars base
construction technologies through NASA Centennial Challenge: 3D—-Printed Habitat,
Phase 3. The research aims to advance the technology of autonomous
construction for building planetary habitats by developing (1) structural member
material processing and extruder system using In—=Situ resource utilization, (2) 3D
printing technologies with gantry deployed to planetary surfaces, and (3) a virtual
construction template for BIM based space Habitat design and 3d printing.
NASA’s 3D-Printed Habitat Challenge is a Centennial Challenge Program
competition that seeks to develop and demonstrate capabilities to manufacture,
with 3D-printing technologies, a Habitat on another planetary body using mission
recycled materials and/or local indigenous materials. The vision includes
autonomous construction machines deployed to planetary surfaces to build
shelters for human habitation.

The challenge is divided into three phases: Phase 1 of the challenge, a design
competition. Phase 2, structural member competition and Phase 3, on-site
Habitat competition.

This research project is an international cooperation study to participate in a
NASA 3D-Printed Habitat, Phase 3 competition to demonstrate the fundamental
construction technologies of the Moon and Mars bases.

The Phase 3 competition is structured with three Construction Levels which lead to
future construction of a full-scale Habitat. In addition to the three Construction
Levels, the competition contains two Virtual Construction Levels to develop Habitat
design and to encourage integration of BIM data with autonomous 3D printing
pProcesses.

This research will promote and lead 3D printing construction technology by
participating in 3D Printing Competition (Phase 3) held by NASA while
implementing technologies through an international collaborative effort.

Results

The key findings of this research project include (1) 3D printing machines with
material processing and gantry attachment required for NASA competition,

(2) interlock and software control technologies for gantry and extruder systems to
autonomous addictive construction required for both space and Earth application,
and (3) Habitat design and verification of constructability using gantry in space
environment

Expected
Contribution

The technologies developed in this research project will serve to participate in
Phase 3 of NASA's 3D Printing Competition in 2018-2019 in order to demonstrate
capabilities and to lead the domestic & overseas space exploration mission.
Autonomous additive construction methods using 3D printing technologies can
also be applied to local construction site. As a result of this research, the
additive construction processes that do not use water and cement are
commercially available in areas where cement is either expensive or difficult to
obtain locally, enabling ultra—low—low housing construction (4 persons residence,

$ 12600 required), as well as reducing construction time and cost and resolving
safety issues. It could realize high value added construction products by enabling
the price to be lowered, the construction time to be reduced, and the rapid
recovery to be enabled.

Keywords

Moon and Mars Construction Addltlve. NASA Infrastructure
Technology Construction
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= YUHM O Z At MHO|LE APRAISl Ze|HEO0|M AZA| DLPEZZAME (FY7|)o AlEBEE= 7|2t
Hel =4t 3D CADZ A== &2bold HoleHE &Y zhzte| IgHolE(Bitmap)Z Xzaksiod
ATEQO| AoM CIXHDIATE MM 5 DLP Projection &[0l DajAtz=e] Z=zMMNH o=z
17
o

dateXlof ofA3 FH5H ZHE THstE |2l
=

- SLS 242 Al2HE UWFol 2 =Y¥ISHES 2cte As2z MolEs M2 35 XM MEIt
ZYHo| 2= Mz 2|2Y S27F et 22 AMAHAF. olF, YRl 2o[XTF FAEHAM 2t 3E
X =

oEJL M=EHE. otEs JtE gete 2255 20|0f HE0| O|F0X|H, SHE2 LtEJL 28 E 7K
HEE, etdE mEs EYERID x| nyo| 22 & = AF. (“3DEZRE JFF” amkorea2i.com,
accessed Nov,15,2018, http://www.amkorea21.com/sub3_1.php.)

- A MZE Az 1Dste =52, A3F ERT JiE Fel FEx0 ATF ERC Els MEE
2|20 XEstn AFE Sofl sZsty HES ATF0 2lai &L FHRE O|SAAH. =& ZHolA
Barrelz} A3FRE JtPsto HEo| 2852 M Z2IHE SsHAIZ. ZEH M2 EZIHE 453510
LEo FHE SHAEA. YEVIOMe &2 FEMHCE MYT 7 iMs| AMYT FHez2 E2l=.
FE2Mo=2 Mer FHE=2 oA HE S 7ol === FYoln{, o] FHollA= Auger?|

M2 dEol ol ALSE = HHH, M| YR AP Zolf Yoz 29H9 Mol MEE

el AREE. o] MMM Eo £ 2k, ¥¥s st M, F 2 FYMn 22 dske

EME JHF H2lHEE w27 AEE = UM J[ES| 3D ZEEHECH HUTIL SolX|1 ALEE =
£ #walA (DTJ Drotman, et al. 2015)

— Pressurized type2 CIS E&2¢Q M2 ¢et cist H=2E ALEe 3d-Z2lE ZE2I3 0| 7He =,
ALEO|l Z[8F St 3d-ZEEE2 MEel Jt8Mo| FHoutr| mEol JtE de| AMEE= 2 F siHE

E2 Sl AFE MEE MEIMo=z ZAlst ZE L4222 %ot 28, (Q Wang, et al. 2018) 3

HEE HIIMez FEEH= IAEN & &E -FoAM E2IHE & 2 Eo Zo|eft A

| &&= &=o JtE 2 g2 old. 3ZE E2lHe FSEe LIAES ARESHH E2 &
|

0
OFol=l  (Catalin Gheorghe Amza, et al. 2017)

inlet

Y Hiead ik |
Gnasks lsdn

[ it ed Tl
Aapu Oaill Ha

e

Rl

Fiealer s
Hrin C s
l:l -
screw type
Force needed o
for extrusion Compressed air inbet
Pressurized chamber
Piston
Klinture of wood
powder and adhesive
Interchangeable nozzle
I.I Extrusion of mixture “

pressurized type
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I
g Az
=3Moz THY 5 UEs 6

- 7|E9 ERAZ 20kg2| Citet Z=E s TS5 7K ez 485t
HES TFoiste 2Lt =52 XI§S 40 mmZE HHMAE StHM 2Retel 20kg &S S A=
HehE. ek oj=olM HEZ =EE Stof o] &7F 2 X &2 1350 UTSARL HEZ| Efele=
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- Mz 2 HER|9] St=H o FF2 LMol MY Xs3 FE2E FEe ¢ AlEol A FS35hk= 3D
ZElEe & TEHE BIEHSE HMMeao et 3|08 TSNS

- A FH=o N ObFOl= 7|Hte| Ehegt ZETE Mo a2z 3D

= 2ZEQo ¢ stEfof=
ZRIES PSP S. ofF 0| RLELA ESES T U= HUEE opo|3R AEEHE LEDL
ZEQt 22 2F HXAERE SHSts UHICIE A|ARQ. XA AMIERF ofH| FeiA, Z2MY
MAX/MSP2} &2 A~ZEQofet dZE. o3¢t A&l =2 S 71X U= HAEEZHE Programmable

Logic Controller(PLC)2IX! sti{, =2 L7A&T} M=x3HolA Holsty| fet HEE Y

- ESH XFofl 170, Yol 271, z=ofl 270, J2l1 AlE ZEol| 17lE 22 =S = cH
MZ & 67l 3lEet ZHESRZ FM=of oL, AZEQ ol SEE 7|AIMel =1t el &
CHol Al T &t

Block Diagram

24-75 VDO +24 to TSVDC
External GND I
Power Supply 1| .
Bvart 0C

Step Finer | I

Load Inertia | 3

Moisa Fitter | £

Self Test | C

motor
STEP: —s
5 R el
L I
DIRs——F o2 ! |
OIR-—t = | (encadar) |
S |_ Optional |
Ene — E 8 I_ Dptional |
EN-— =
OUTy——
oUT- ——

1/0 Configurations

STEPY{5-24V) DiRE-24V) EM{S-24V) OUT{30V, 100mA)
- Shap Input - Bir Input Enalia Fnput Fault Dutpul
1 GW Puise T COW Putsa H=set Fault

- JiMetez PLCR} Variable—Frequency Drive(VFD)E 2AH|5t0 F8isl= WS 1225l U2ni, PLC=
RSk Al MAF ZHMOA] UHIKMOZ AIRE= HEERZA HEEZ =2 M= 382

=
o

Hojst== =gz2telolt zxo| M2l 2 Mo X ZzId Fo[yo] EL
HAM wM Zafo], EfolH A AEAE AT = Us FASL AASH HA
o
=
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i e i e e A Motor
Varnable
Frequency Bl =g P
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Interface
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& Developanent of Recyeling matereal as pells fyps
A, Review of business items and joint developmeent
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to renct quickly to rapidly changing situations of techrical. scientific,
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