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MANUAL VERSION OF 3D PRINTING

Introduction. The program of colonization of the Moon and Mars is gradually approaching the practical phase. Re-
searchers are actively discussing various aspects of the presence of people on the surface of the planets.

Problem Statement. The number one problem is housing construction: materials and construction technologies. The
use of regolith — the lunar or the Martian soil — is supposed to be used as a building material. The construction technology
involves the placement of astronauts heating furnace on the lunar surface for sintering bricks, followed by laying them in
building structures. The bricks will print on a 3D printer. This idea will require the development and delivery of a 3D printer to
the lunar base.

Purpose. It is interesting to check the possibilities of simple and cheap options for creating building elements in the
conditions of the lunar surface in the absence of a 3D printer and complex heating devices. The purpose of the research is
to make a simple product by an additive method, modeling the process of 3D printing without expensive and complicated
instruments and devices.

Materials and Methods. The manual version of 3D printing using concentrated solar energy from minimally processed
local regolith is a simple, economical method of making building components on the surface of the Moon or Mars. The ma-
terials used were sand and basalt of terrestrial origin. All necessary operational work for modeling the 3D printing process
was done manually. Various devices were used to concentrate the sun's rays on the basis of paraboloid concentrators to
create a thermal source of the printer.

Results. Simple products from basalt powders and mixtures of basalt with sand were obtained by an additive method
without the use of complex expensive equipment. A primitive installation for a 3D process and a heating device from pa-
raboloid concentrators can be easily assembled from structural elements brought from Earth.

Conclusions. Manual 3D printing of a minimally processed local regolith using concentrated solar energy is a simple,
economical method of making building components on the surface of the Moon or Mars.
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The colonization program of the Moon and the | houses, roads, and other civil engineering works
Mars is gradually approaching the practical phase. | [1—2]. The lunar soil is the fine fraction of the re-
Researchers are actively discussing various aspects | golith found on the surface of the Moon. Its pro-
of people's stay on the surface of the planets. The | perties can differ significantly from terrestrial soil
number one problem is the construction of hou- | due to mechanical destruction of rocks caused by
sing: materials and construction technology. The | continuous meteoric impact and bombardment by
regolith is considered as the building material. | interstellar charged atomic particles over years [3].
Regolith is important for human beings since it has | According to the mineral composition of the rego-
been used since the dawn of civilization to build | lith, it is established that the lunar seas are main-
ly composed of basalts. Basalt is the most common

igneous rocks on the surface of the Earth and
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tion of basalt samples delivered from the Moon
includes 40—42% SiO, [4]. The melting point of
basalts reaches of 1370—1520 K, sometimes up to
1720 K [5]. The technology of construction as-
sumes the deployment by astronauts of a solar
furnace on the lunar surface for the sintering of
bricks with the subsequent laying of them into
building structures. Perhaps, they will use blocks
with connecting sections. It may be necessary to
print a lunar base of lunar dust on a 3D printer.
This idea will make it possible to avoid the prob-
lems of sending a pile of glue to bonding of bricks,
but will require the design and disembarkation of
3D printer for the lunar base [6—8]. All these op-
tions involve significant financial costs and tech-
nological difficulties. Therefore, it is interesting
to check the possibilities of simple and cheap va-
riants of creating building elements in the condi-
tions of the lunar surface in the absence of 3D prin-
ter and complex heating devices. Simulation of si-
milar works carried out under terrestrial condi-
tions is described below.

The technology of producing a simple sand pro-
duct in the African desert using concentrated so-
lar irradiation (CST) is shown in the video [9], but
there were the solar panels, a large Fresnel lens, a
computer and 3D printer. Quality building mate-
rials from local breeds are created in large solar
furnaces in Uzbekistan [10]. Our task is to make
a simple product by additive method, under mo-
dulating the 3D printing process without expen-
sive and complex devices. Sand and basalt of ter-
restrial origin were used as materials (Table).

Table
Materials for Manual 3D Printing
Material Dispersity
Initial sand (IS) up to 0.5 mm
Sand dispersed (SD) up to 0.18 mm
Basalt dispersed (BD-1) up to 1 mm
Basalt dispersed (BD-2) up to 0.18 mm

Mixture of IS and BD-1 (% by
volume — 50:50)
Mixture of SD and BD-2 (% by
volume — 50:50)

ISSN 2409-9066. Sci. innov., 2019, 15(5)

79

Fig. 1. Device 1 for 3D printing using concentrated solar

radiation: 7 — paraboloidal concentrator of solar radia-

tion; 2 — mobile platform; 3 — hand control panel; 4 —
mobile heliostat; 5 — stationary heliostat

Fig. 2. Device 2 for 3D printing using concentrated solar

radiation: 7 — paraboloidal concentrator of solar radia-

tion; 2 — mobile platform; 3 — hand control panel; 4 —
secondary mirror

The materials were dispersed in an Abiha mor-
tar, whereas the mixes were prepared with simple
blenders in the form of cylindrical or hexagonal
drums which were horizontally mounted on the
shaft. Various devices on the basis of paraboloid
concentrators to concentrate solar rays were used
to create a thermal source. Three types of devices
were used to obtain CSI: two heliostats and a pa-
raboloid concentrator, a paraboloid concentrator
and a secondary mirror, paraboloid concentrators
and optical fibers.

Fig. 1 shows a schematic diagram of one of the
used devices [11]. The device consists of a para-
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Fig. 3. Device 3 for 3D printing using concentrated solar

radiation: 7 — paraboloidal concentrator of solar radiation;

2 — mobile platform; 3 — hand control panel; 4 — fiber-optic
wave guides; 5 — cage for second ends of the guides

boloidal concentrator of solar radiation (7), a mo-
bile platform (2), a hand control panel (3), a mo-
bile heliostat (4) and a stationary heliostat (5).
The device operates as follows. With the help of
the guidance and tracking mechanism (not shown
in the diagram), the mobile heliostat (4) was gui-
ded to the Sun so that the solar radiation reflec-
ted by it was directed to a stationary heliostat (5),
and then it came into the mirror of a stationary
paraboloid concentrator. The solar radiation focu-
sed by the concentrator (7) was incident on the
surface of the powder medium poured on the plat-
form (2), which moved in accordance with the ac-
tions of the control panel (3). The attachment of
the platform (2) enabled its movement with three
degrees of freedom, which is necessary for the se-
lective sintering of the powder material in accor-
dance with the actions of the control panel (3).
Fig. 2 shows the schematic diagram of the de-
vice [12] of the paraboloidal concentrator (7), the
mobile platform (2), the hand control panel (3)
and the secondary mirror (4). The paraboloid con-
centrator 1 and the secondary mirror 6 interacted
according to the Cassegrain optical scheme and
formed a focus in the technological zone of the
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movable platform (2), which was governed with
the panel (3).

Fig. 3 shows a schematic diagram of the device
[13] of several solar irradiation concentrators (1)
attached to a mobile frame (not shown in the dia-
gram), a mobile platform (2) and a hand control
panel (3). The device is equipped with fiber-optic
wave guides (4) that are fixed at the ends of con-
centrators, while second ends of these light guides
are fixed in cage (5). The movement of the cage (9)
was regulated with the control panel (3). The so-
lar irradiation concentrated in the total stream
was directed to the technological zone of the plat-
form (2). Two or more optical fibers are capable
to transfer the amount of concentrated solar ra-
diation which sufficient to conduct the sintering
process of metallic or ceramic powders.

All necessary operational works for modeling
3D printing process was done manually. Most of
the work was done on a device with heliostats.
The powder mixture was poured into a ceramic cu-
vette, which was fixed in a movable cage. The flat
surface of the powder was led to the focus zone of
the device for beginning process sintering of the

Fig. 4. 3D printing product No. 1

Fig. 5. 3D printing product No. 2

ISSN 2409-9066. Sci. innov., 2019, 15(5)



Manual Version of 3D Printing

necessary contour. When the sintering of the con-
tour was completed, the level of the mobile plat-
form was lowered, a flat thin layer of powder mix-
ture was poured and the sintering process was
repeated. Usually, two operators worked: one ma-
nipulated the platform, while the other man pro-
vided operations with the working powder mix-
ture. In principle, these two works can be done by
one person.

The sintering temperature was of 1370—1570 K.
The sintering rate was determined as the volu-
me of sintered product per unit time. In our ex-
periments, the sintering rate was approximately
2 cm?/min. The sintering rate and the area of the
simultaneously sintered surface can be adjusted by
changing distance between the platform and the
mirror. The powder can be poured continuously
or in layers with an equalization. The resolution
of the print device was usually about of 2 mm for
the last case. For reasons of time and labor saving
the compositions 3 and 5 are the most interesting
for the preparation of building materials in the
conditions of the lunar surface, as the most app-

roximate granulometric composition to powders,
which can be easily prepared on the lunar surface.
Fig. 4 shows a product in the form of a fungus, sin-
tered with continuously pouring powder mixtu-
re 5. Fig. 5 features a product in the form a brick
sintered by pouring layers of basalt powder 3.

It is shown the principal possibility to produce
products by an additive method without using
complex expensive equipment. Manual 3D prin-
ting of a minimally processed local regolith with
using concentrated solar energy represents a simp-
le economical way of making building compo-
nents on the surface of the Moon or Mars. A pri-
mitive installation for 3D process and a heating
device of paraboloid concentrators can easily be
assembled from elements of structures brought
from Earth. It is also easy to arrange the prepara-
tion of the initial building material on the basis of
adevice such as the Abiha mortar and a mechani-
cal mixer. Thus, it is possible to adjust the con-
struction process on the surface of planets in con-
ditions of limited economic, construction and
energy resources.
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PYUYHA BEPCIA 3D-IPYKYBAHHA

Beryn. IIporpama kosonisaiii Micsiig it Mapca mocTynoBo HabJIMKa€Thest 10 TIPaKTUUHOL (hasu. BueHi akTHBHO 00TOBO-
PIOIOTh Pi3Hi acneKTy 1epedyBaHHs Jo/ell Ha MOBEPXHI 11X IJIAHET.

IIpo6Gaemaruka. [lepiioueproBoto npobaeMo0 B IIbOMY MPoIeci € OyIIBHUIITBO KUTJIA, 30KPEMA [TUTAHHS MaTEPiaJIiB Ta
texHosorii GyaiBHuITBA. K OyAiBeAbHMI MaTepian nepebadyeHo BUKOPUCTAHHS PETOJITY — MiCSYHOTO a0 MapciaHChKOTO
rpynty. Texuosorisa OyaiBHuITBa Nepeadayac po3MIlIEHHs KOCMOHABTaMK HarpiBajbHOI Hedi Ha MiCSuHild MOBepXHi A1t
CIIIKaHHS erJIN 3 MOAAJIBIINM YKJIaJaHHAM i1 B OyaisesbHi KoHCTPyKILi. [lernuuan OyayTh Apykysartu Ha 3D-npuntepi. g
iziest motpeGye po3pobru Ta octaku 3D-nprHTepa Ha MicsTYHY 6a3y.

Mera. IlepeBipka MOKJIMBOCTI peasisaliii IPOCTUX | HU3bKOBAPTICHUX BapiaHTIB CTBOPEHHs Oy/iBEJIbHUX €JIEMEHTIB B
YMOBax MicsiuHOI TOBEpPXHi 3a BicyTHOCTI 3D-IIpUHTEpa Ta CKJIAIHUX HArPIBAIbHUX IPUJIaliB. Po3poOKa a U THBHUM METO-
JIOM TIPOCTOrO BUpoOy, Moztesooun mnpoiec 3D-apykyBanHs 63 BUKOPUCTAHHS BHCOKOBAPTICHUX i CKJIAJHUX PUJIA/IB Ta
TIPUCTPOIB.

Marepiamm it Mmetoau. Pyunuii Bapiant 3D-1pyKyBaHHS 3 BUKOPUCTAHHSIM KOHIIEHTPOBAHOI COHSUHOI eHepril 3 MiHi-
MaJIbHO 0OPOBIIEHOTO MICIIEBOTO PETOJIITY € IPOCTUM €KOHOMIYHIM CIIOCOOOM BUTOTOBJIEHHS OY1iBeJIbHUX KOMIIOHEHTIB Ha
nosepxui Micsaig abo Mapca. Sk MaTepiaan BUKOPUCTAHO MICOK i 6a3aabT 3eMHOTO MOXOKEHHs. Bei HeoOXiaHi onepaTuBHi
pobotu ist MogiesiroBatHst 3D-mpotecy ApyKy 0yJi0 BUKOHAHO BpY4YHY. JlJist CTBOPEHHSI TEIJIOBOTO [ZKEPEJa IIPUHTEPA BU-
KOPUCTAHO Pi3Hi MPUCTPOI /ISt KOHIIEHTPYBAHHS COHSIYHIX TIPOMEHIB Ha 6a3i mapaboI0iIHNX KOHIIEHTPATOPIB.

Pesyasratu. Burorossieno npocti BupoOu 3 HOPOLIKIB Gazaibry Ta cyMilieil 6asajibry 3 MCKOM aiuTUBHUM METOAOM (€3 BU-
KOPHUCTaHHS CKIQJHOTO BHCOKOBApPTICHOTO ycTaTKyBaHHS. [IprMiTiBHA yeTaHoBKa s 3D-TIpotiecy Ta HarpiBaIbHIH MPHUCT-
piil 3 TapaboJIOTIHUX KOHIIEHTPATOPIB MOKYTh OYTH JIETKO 310paHi 3 eJIeMEHTIB KOHCTPYKIIii, TPAHCIIOPTOBAHUX 13 3eMJIi.

BucnoBku. Pyute 3D-apyKyBaHHsI MiHIMaJIbHO 0OPOGJIEHOTO JIOKAJIBHOTO PEFOJITY 3 BUKOPUCTAHHSIM KOHIIEHTPOBAHOI
COHAYHOI eHepTil € TMPOCTUM EKOHOMIYHKMM CII0COOOM BUTOTOBJIEHHS OyAiBEJbHUX KOMIIOHEHTIB Ha mosepxHi Micsis abo
Mapca.

Knrouosi crosa: 3D-apyKyBaHHs, COHSYHE BUITPOMIHIOBAHHSI, KOHIIEHTPATOP, CITiKaHHs, peroJit, Micsib, Mapc.
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PYUHAA BEPCUS 3D-IIEUATI

Beeaenue. [Iporpamma kosonusaiyu Jlyrst u Mapca nocrerneHHO IpUOINKAeTCst K TIPAKTHYeCKOl (hase. YueHbie aKTHB-
HO 00CYIK/IAI0T Pa3INYHBIE ACTIEKTHI TIPEOBIBAHMS JIO/EH Ha MOBEPXHOCTH ATUX TLIAHET.

IIpo6aemaruxka. [lepBoouepeiHOi POGIEMOIL B ATOM TPOTIECCE SIBJSETCST CTPOUTENBCTBO KIS, B YACTHOCTH, MaTepua-
JIBL I TEXHOJIOTUH CTPOUTEIBCTBA. B KauecTBe CTPOUTETBHOTO MaTepHasa MPeAIosIaraeTcsl HCIOIb30BaHNe PETOINTa — JIyH-
HOTO MJIM MapCUAHCKOTO IPyHTA. TeXHOIOTHS CTPOUTEIbCTBA MIPEAIIoIaraeT pa3MelleHre KOCMOHaBTaM1 HarpeBaTeIbHOM
IeY HA JIYHHOI TIOBEPXHOCTH /IS CIIEKAHUS KUPIUYEH € NOCJIEAYIONeH YKIAJAKON UX B CTPOUTEIbHbIE KOHCTPYKIMU. Knp-
mun OyayT nedatats Ha 3D-npuHTepe. Jta uest morpedyer pa3paboTKu u gocTaBku 3D-1puHTEpa Ha JIYHHYIO 6a3y.

IMeas. IIpoBepka BO3MOKHOCTH IIPOCTBIX U HEAOPOTUX BAPHMAHTOB CO3/IaHUS CTPONTEIbHBIX 3JIEMEHTOB B YCJIOBHAX JIYH-
HOIl OBEPXHOCTH TIPK OTCYTCTBUM 3D-TIpUHTEpa U CJI0KHBIX HArpeBaTeIbHBIX NPUOOPOB. PazpaboTka aIuTUBHBIM METO-
JIOM [IPOCTOTO M3/eHs, MOJeTnpyst mporiece 3D-medarn Ge3 MCob30BaHus IOPOTUX U CJIOKHBIX IPHOOPOB U YCTPONCTB.
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Marepuaiusl u Metoasl. Pyunoii Bapuant 3D-mevatn ¢ ncnosb3oBanneM KOHIIEHTPUPOBAHHON COTHEYHON 9HEPTUN U3
MUHMMAIbHO 06pabOTaHHOTO MECTHOTO PETOJINTA MPEACTABIAET IIPOCTON IKOHOMUYHBINA CIIOCOO M3TOTOBJIEHUS CTPOUTE/Ib-
HBIX KOMIIOHEHTOB Ha 1oBepxHocTH JlyHbl win Mapca. B kauecTBe MateprasioB UCIIOJIb30BAJIUCH TIECOK U HA3aJIbT 3¢MHOTO
npoucxoskaetus. Bee HeobXommumble orepatuBHble paboThl A MogearpoBatus 3D-npoiecca neyatv ObLIN BBITTOJHEHbI
Bpyunyio. /{1 co3manus TerjaoBoro NCTOYHUKA TIPUHTEPA MCIIOTh30BAHBI PA3JINYHbIE YCTPONUCTBA JIJIST KOHIIEHTPUPOBAHUS
COJIHEUHBIX Jiyueil Ha Gaze napaboIOnIHbIX KOHIIEHTPATOPOB.

Pesyabratel. [losyueHbl IPOCThIE UB/ENUS U3 TTOPOLUIKOB Oazajibra U cMecell Gasaibra ¢ eCKOM aINTUBHBIM METOIOM
6€3 MCIONb30BaHUST CJOKHOTO JOPOrocTosiiiero obopynosanus. [IpuMuTuBHast ycraHoBKa At 3D-mporiecca u Harpesa-
TeJbHOE YCTPOHCTBO M3 MapaboIOMIHBIX KOHIEHTPATOPOB MOTYT OBITh JIETKO COOpaHbl M3 3JIEMEHTOB KOHCTPYKIIMA,
MPUBE3EHHBIX C 3eMJIU.

BoiBoapl. Pyunas 3D-1ieyaTh MUHUMAIbHO 00PabOTAHHOIO JIOKAJIbHOTO PErOJIUTA ¢ MCIIOAb30BAHUEM KOHIIEHTPHPOBAH-
HOI COTHEYHON DHEPIUU MPEACTABIAET COOON MPOCTOH 9IKOHOMUYHBIN CIIOCOO UBTOTOBJIEHUS CTPOUTEIbHBIX KOMIIOHEHTOB
Ha moBepxuHoctn JIynst nim Mapca.

Knwoueevie crosa: 3D-11e4atn, cCONMHEUHOE U3JTydeHIe, KOHIIEHTPATOP, clieKaHue, perosut, Jlyna, Mapc.
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