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IlyOaikamis npucBsiYeHa TEXHOJIOrI BUIOTOBJEHHS Oaqok meroaom 3D
APYKY, apMOBaHi 3BapHUMH Kapkacamu. IIpencraBiieHo po0oui Kpec/ieHHsA
KOHCTPYKUiii. Po3po0sieHO  TEeXHOJOTi0  BUIOTOBJEHHS  OaJIOK i3
BUKOPUCTAHHAM OyaiBejibHOro 3D mnpuHTepy. VY pe3yabTari OTPUMAHO
KOHCTPYKIil, AKI rOTOBI /10 MOJAJIBIINX €KCIIEPUMEHTAILHUX BUNIPOOYBaHb.

The publication is devoted to the technology of manufacturing beams by the
method of 3D printing, reinforced with welded frames.

The aim of the study. To develop a technology for the manufacture of beams
using a construction 3D printer with reinforcement of beams with welded
frames.

The task of the research is the construction of beams reinforced with welded
frames and the technology of their production by the method of 3D printing
with the specified sequence of work, taking into account the capabilities of the
construction printer. On the basis of the developed technology, make test
samples of beams for further experimental research.

Research methodology. To implement the task, the beams were first modeled
and designed in graphic automated complexes, taking into account the
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features of their further formation and production by 3D printing.
Constructions of experimental beams reinforced with welded frames were
produced using a construction 3D printer by the Ukrainian company LLC
"3D TECHNOLOGY UTU" based on a previously developed technological
sequence of work. The work presents constructive solutions and working
drawings of experimental samples. The developed technology takes into
account the possibility of reinforcing the beam with welded frames. The
diagram of the movement of the nozzle of the 3D printer during the formation
of the beam is shown. The design is made taking into account the structural
requirements.

As a result, using 3D printing technology, two beams reinforced with welded
frames were obtained, further research of which is planned to be carried out
in laboratory conditions. These designs can be successfully used in
construction and as part of scientific experimental research.

In order to know the physical and mechanical characteristics of the materials
of the beams, experimental samples of cubes and prisms, as well as fittings
from the same materials as the beams, were made. The use of a construction
printer and 3D printing made it possible to obtain structures that exactly
corresponded to the previously developed structural solutions and were
manufactured according to the developed technological solutions.

Kuirouosi cioBa: 3D npyk, apka, TEXHOJIOT1Sl BATOTOBJIEHHS, KOHCTPYIOBAHHS
3D printing, arch, manufacturing technology, design

Beryn. Bukopucranns texHosnorii 3D-Apyky y OyAiBHUILITBI MOTEHIIMHO MOXKeE
BHUPIIIATHA BAXKJIUBI 3aBJIaHHS, TaKi K ITIIBUIICHHS MPOTYKTUBHOCTI Ta IIBUIKOCTI
OyIIBHUIITBA, HEIOCTATHIO KIIBKICTh KBaTi(hIKOBAHUX TPAIliBHUKIB, JPYK
CKJIQTHUX 32 (DOPMOIO apXITEKTYpHUX KOHCTPYKIIIHA, BIJIMOBA BiJl OMAIyOKH IMpHU
POBEJCHH1 OETOHHUX POOIT, a TAKOXK JPYK HE3MOMHOI onaayOKu.

bynisenbni 3D npuHTEpH MOXKYTh HE JIMIIE BUTOTOBJISATH  OKpeMi 301pHI
KOHCTPYKIIII B MaBUIBHOHI, a 1 3BOAUTH i1l OyaiBii Oe3rmocepeIHhO HA JIJISHIIL.
JlaHa TEXHOJIOTISl JTO3BOJISIE B CTHUCI1 TEPMIHM 3BECTH KBapTadd  OJHOTHUITHUX
CHOpPYJ, JJIE TUMYAacCOBOTO MPOXKWUBAHHS JIIOJEH, SIKI TMOCTPaXKJadud BHACIIIOK
IPUPOJIHIX KATaKI13MiB, 200 BIICEKOBUX KOH(IIKTIB.

Texuonoriss 3D npyky m03BoJIss€ 3HAYHO CKOPOTHTH BapTICTh OYIIBHHIITBA
IUISIXOM 3MEHIICHHS 4Yacy BHKOHAHHA OyIIBENbHUX poOIT, aBTOMAaTH3aIlii
MPOIIECIB Ta 3MEHIICHHSM KUIBKOCTI MPAIliBHUKIB, B MOPIBHIHHI 3 TpagUIliiHAM
OymiBHUIITBOM. Tako) aBTOMAaTHU30BaHi MPOIECH 3MEHINYIOTh KUJIbKICTh TOMUJIOK
ITiJT 9ac IPOEKTYBaHHS Ta OyTIBHUIITBA.

Crorogui B VYkpaimi BiacytHi npuHmunu 3D 1apyky, He TIpoOBelIeHHI
JOCJIIJDKEHHSI 1I0JI0 HECY4doi 37aTHOCTI Ta JAedOpMaTUBHOCTI HaJAPYKOBaHUX
KOHCTPYKIIIM, BiJICYTHI HOPMU JUIsl 1X MPOEKTYBAHHS.

AHagi3 octa”Hix gociaigxenb. OCTaHHIM YacoM BelMKa yBara y cdepi

395



OyIIBHUITBA MpUAUIEThCA TexHosorii 3D npyky. bByauHku, cTBOpeH1 3a
JIOTIOMOTO0 I[1€T TEXHOJIOT11, BCE YacCTillle 3'IBJIAIOTHCA y PI3HUX KpaiHax CBITY. Y
CBITI BXE€ AaKTUBHO OyAyloTbcsl — OaratomnoBepXxoBl  OyJIWUHKH, TOTE,
aJIMIHICTPATHUBHI Ta IPOMUCIIOBI CIIOPYAH 3 BUKOPUCTAHHIM 3D mpuHTeEpiB.

Ane pang OuIbII CTPIMKOIO PO3BUTKY HEOOXIJHA HOpMaTuMBHa 0aza, ska
MOBHMHHA CTBOPIOBATHUCS HA OCHOBI PEATbHUX EKCIIEPUMEHTABHUX JTOCITIIKEHb.

VYkpainceki  HaykoBIl 3  HamionameHoro  yHiBepcutety  "JIbBiBChKa
MOTITEXHIKA" 3aiiMalOThCsl HAYKOBUMH JTOCTDKEHHSIMU B rainy3i 3D apyky [1].

Ha norounomy etari po3BUTKY TexHoJorii 3D npyky oOnagHaHHS J03BOJIsIE
CTBOPIOBATH PI3HOMAHITHI apXiTEKTypHI (GOpPMHU Ta €IeMEHTH OyHaiBeiIb 3 METOIO
MOJIAJIBIIOT 301pKH iX Ha Miclll OyIiBHULTBA. TakoX ICHY€ MOXKIIMBICTh JPYKYBaTH
111 Oy iBIi 6e3mocepeIHhO Ha OyAIBETbHOMY MaiaHIuKy [2].

barato HaykoBUX JOCHIKEHb CIPSMOBaHI Ha BHBYEHHS MarepiaiiB Ta
BUPOOIB, CTBOpPEHUX 3a jaornoMorow 3D npyky, a Takok Ha caMmy TEXHOJIOTIIO
BUTOTOBJICHH [ 3,4].

TouHo Tak, pO3BUTOK MacOBOTO BUPOOHUIITBA 3D-NpUHTEPIB MPAMO 3aJIEKUTh
BiJl HAsSBHOCTI BIAMOBIJHUX MaTepialiB Ais ApyKy. ToMy CbOTOJHI aKTHBHO
paIlolTh HaJ PO3POOKOI0 MaTepiaiiB, $KI MOXHAa BHUKOPHUCTOBYBATH JIJisi
CTBOPEHHSI CKIIAJIHUX apXITeKTypHuX (popm merogom 3D-apyky. Lle Biakpupae
0e3J114 MOKJIMBOCTEH JIJIs1 IHHOBALIM y OyIIBHUIITBI Ta au3aiHi [5].

VYxpaincbka kommanist TOB “3D TECHNOLOGY UTU” [6] akTUBHO Mpaitoe Haj
BUTOTOBJIEHHSIM 3D mpuHTEPIB, PO3pOOKOIO Ta BIIPOBAHKEHHSIM LIi€T TEXHOJIOTII.

Merta pgocaigxeHHsi. Po3poOuUTH TEXHOJIOTIIO BUTOTOBJCHHS OaloK 13
BUKOpHCTaHHSIM OyniBenbHOoro 3D mpuHTEepa i3 apMyBaHHSM OallOK 3BapHUMHU
KapKacaMH.

3amadero JOCHIIKEHHS € KOHCTPYIOBaHHsA OajloK, apMOBaHMX 3BapHUMH
MOCTIIOBHICTIO BHKOHAHHA pOOIT, BPaxOBYIOYHM MOKIMBOCTI OyaiBEIHLHOTO
npuHTepa. Ha ocHOB1 po3p00JieHOT TEXHOJOT1i BUTOTOBUTHU JOCHIHI 3pa3ku 0ajgok
TUTS IPOBEACHHSI MOJANTBIINX €KCIIEPUMEHTATBHUX JAOCTIKEHb.

Metoauka nociigkenHsi. Jlns peamizaiii MOCTaBICHOTO 3aBJAaHHS CIEPIITY
BUKOHYBAJOCSI ~ MOJICJIIOBaHHS Ta TPOCKTyBaHHS OajJlok y  rpadiuHux
aBTOMATHU30BAaHUX KOMIUIEKCaX 13 BpaxXyBaHHSIM  OCOOJMBOCTEH  IXHBHOTO
MoIaNBIIOro (opMyBaHHS Ta BUTOTOBJICHHS MeToZoM 3D npyky.

Konctpykmii  gocmigHux — 0ajgokK, apMOBaHWX  3BapHUMH  KapKacaMH,
BHIOTOBJISUTMCSL 13 BHKOPHMCTaHHSAM OymiBenbHOro 3D mpuHTEepa yKpaiHCHKOIO
koMmmaniero TOB “3D TECHNOLOGY UTU Ha ocHOBI moniepeiHb0 po3po0IeHOT
TEXHOJIOT1YHOT MOCJIIIOBHOCTI MIPOBEICHHS POOIT, MiJ KEPIBHULITBOM M.T.H., MPod.
Hemunnan b.I'. Ta y momansimioMy OyayTh €KCIEPUMEHTAIBLHO BUIIPOOOBYBATHUCS Y
nabopatopii HY “JIbBiBcbka momiTexHika”.

TexHoJIoT14HA MOCTIIOBHICTh POOIT Oyjia HACTYMIHOIO:

- MOJICTIOBaHHS Ta MPOEKTYyBaHHs (puc. 6);

- BHUT'OTOBJICHHS 3BaHUX apMaTypHUX Kapkacis (puc. 2);
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MOJICTIIOBaHHS HAMPsMKY pyxy coruia 3D mpurTepa (puc. 1);

JPYK MEPIIOTO IIapy;

TEXHOJIOT1YHa nepepBa 3-5 XB JIsl TBEP/IIHHS OCTOHY;

BJIAIITYBAHHSI 3BAPHOTO apMaTypHOTO KapKacy y MPOEKTHE IMOJIOXKEHHS 10
NEepIIOMY HIKHbOMY O€TOHHOMY mapy (puc. 3);

TEXHOJIOTIYHA TIepepBa 3-5 XB JJIs TBEP/IiHHS OCTOHY;

APYK IPYroro, TPETbOro Ta YETBEPTOro mapiB OETOHY 13 mepepBaMu 3-5 XB
JUTSI TBEPIIHHS OCTOHY, MICIIs BIAIITYBAHHS KOKHOTO 13 IIapiB;

BJIAILITYBaHHS 3BAPHOTO apMaTypHOTO KapKacy y MPOEKTHE MOJOXKEHHS I10
4yeTBepTOMYy O€TOHHOMY miapy (puc. 4);

TEXHOJIOT14Ha TiepepBa 3-5 XB IS TBEP/IIHHS OCTOHY;

JIPYK OCTaHHBOTO T’ ITOTO OETOHHOTO Iapy (puc. 5);

OUIKYBaHHs HE MeHIIe 28 AHIB Juisl TBEpAIHHS OETOHY, OTPUMAaHHS TOTOBUX
BUpOOIB (puc. 7);

TPaHCHOPTYBaHHS 0aJIOK Yy BUIIPOOYBaIbHY Ja00paTOPIIO.

I'ecomerpis  OGanmouHOi KOHCTPYKINiI y INIaHl 13 CXEMOKI pPyXy coIlia
oyaiBenbHoro 3D mpuHTepa mokazaHa Ha puc. 1. Y mepepi3i BUAHO, IO BCHOTO
JIPYKyBajocs 5 mapiB OCTOHY.
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Puc. 1. Cxema pyxy coruia 3D npunTepa npu ¢hopmMyBaHHI OaKu

Poboue kpecieHHs 3BapHOTO apMaTypHOTO KapKacy, SIKHH BHUTOTOBJISIBCS Y
3aBOJICBKMX YMOBaX MOKAa3aHO HA PUCYHKY 2.
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Puc. 2. 3BapHuii apmaTypHHii Kapkac Oanku

Ha pucynky 2 mnoka3aHo, LI0 HIKHA poOoya Ta BEpXHS KOHCTPYKTHMBHA
apmatypa niametpoM 8, kimacy A400C, Biggaib MK IIEHTpaMU CTEPKHIB
noB310BxkHBOI apmarypu 110 mm. [Tonepeuna apmarypa aiamerpom 5, kinacy BP-1
13 KpokoM 75 MM, po3MilieHa B KpaWHIX TpPETHHAX MPOJbOTY, B 30HI ii
MaKCUMaJIbHUX TIOTMIEPEYHUX CuUJd. B HopMampbHOMY CepeIHbOMY Tepepisi
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MOB3JIOBXKHS poOoya apmaTypa poO3MillleHa 10 HHU3Yy, a [0 BEpPXY BIACYTHS, 13
PO3paxyHKy, 10 Y HIDKHIN 30HI 0aJKy MpaIfoe apMaTypa Ha PO3TIT, a Y BEPXHIiH
30HI OeTOoH Ha cTHCK. KOHCTpyrOBaHHS BHUKOHAHO i3 ypaxyBaHHSIM BHUMOT JI0
BJIAIITYBaHHS 3aXMCHUX MIapiB apMaTypu. 3BaplOBaHHS CTEPXKHIB KapKacy
BUKOHYBAJIOCS] HAIlIBABTOMAaTHYHUM CIIOCOOOM.

Ha pucynky 3 300paxkeHo ¢oro i3 OyAiBeTbHOrO MailaHUYMKa, a came
BKJIaJIaHHSI 3BapHOTO0 apMaTypHOTO KapKacy Ha MepIinii OETOHHWHM Imap, Mo
BUKOHYBAJIOCS 4epe3 3-5 XB MiciIs 3aBEPIICHHS IPYKY I[LOTO Iapy.

Puc. 3. 3BapHi apMaTypHi KapKacH 1Mo HaJPYKOBAHOMY MEPIIOMY IIapy

Kapkacu po3poOmsiTucs Ta BUTOTOBIISIUCS 13 ypaxyBaHHSM I[OJAjbIIOTO
BUMPOOYBaHHA OaJloOK, TOMY Yy HOPMaJbHOMY TMepepi3l Oaaku y 30HI il
MaKCUMaJIbHUX 3TMHAJIBHUX MOMEHTIB 0 HH3Y JI0 TOB3JIOBXKHIX apMaTypHUX
CTEp’KHIB  MEPINEHIUKYISIPHO MPUBAPIOBAJIUCS  CHEUIaJbHI  TpuUMadl s
MOIAJIBIIOTO KPIIMJIEHHSI BUMIPIOBAJIBHOTO O0JIaIHAHHS BKE I1J] 4ac BUMPOOYBAaHHS
X OAJIOK HA 3THH.

Ha pucynky 4 mnoka3aHo BKJIaJaHHS 3BapHOTO apMaTypHOrO Kapkacy Ha
4YeTBEepTU OETOHHUM HIap, 110 BUKOHYBAJOCS 4epe3 3-5 XB Micis 3aBEPILCHHS

IPYKY LIbOTO LIapy.
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Puc. 4. 3BapHi apmaTypHi KapKacu 10 HaJpyKOBaHOMY YETBEPTOMY LIapy

HeoOxigHO BIAMITHTH, IO BJAIITYBaHHS 3BApHOTO apMaTypHOTO KapKacy
B1JI0yBaJIOCSl Y YaCOBOMY MPOMIXKKY 3-5 XB, MICJIs BIAIITYBaHHS YETBEPTOrO LIAPY
Ta Tepe]] BIAIITYBaHHAM OCTaHHBOTO I’ SITOro mapy. ToOTO BpaxoByBaBcs yac JJIst
JIOCTaTHBOTO  TYXKaBiHHS OCETOHYy, a TakKOX TepioJ dYacy sKui OyB
3arporpaMoBaHuii st 3D IpyKy 11e Ha MOYaTKy poOOTH MPUHTEPA.
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[licns BramTyBaHHS OCTaHHBOIO ITSITOrO IIapy OyJI0 OTPUMAHO TOTOBI
apMoOBaHi 0ajJ04YH1 KOHCTPYKIIii, POTO SIKUX 300pakeHO HA PUCYHKY 5.

Puc.5. Koncrpykiist apku, micis 3aBepiieHHs podit metogom 3D apyky

Bceboro meromom OyaiBensHoro 3D npyky Oyno BHUTOTOBIEHO J1Ba JIOCIiIHI
3pa3Ku I1i€i cepii eKCIepUMEHTaIbHUX OCHIKEHh, a came OaJku apMOBaHi
3BapHUMU KapKacamu

OTpuMaHi KOHCTPYKIIi HaOWpanu MILHICTH 28 JHIB, Micas dYoro Oyiu
nepeBe3eH1 y J1abopaTopiro IS MOJAIbIINX BUTPOOYBaHb.

PesyabTraTén jgociaigkeHHsi. Y  pesynbTaTi  TPOEKTHOI poboTm  Oyio
CKOHCTPYWOBAaHO Ta BHKOHAaHO po0OYl KpECJICHHS apMOBaHHWX  OaJoK,
BHUTOTOBJICHUX MeToaoM 3D npyky (puc. 6).
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Puc. 6. banka apmMoBaHa 3BapHUMH KapKacaMu Ta BUTOTOBIIeHa MeTosioM 3D nmpyky

3rigHo puUCyHKY 7 noBxkuHa Oamku ctaHOBUTH 1800 mwm, mupura 100 mwm, a
Bucora 150 MM. 3rigHO TEXHOJIOTII BHUTOTOBJIEHHA Oajika BUTOTOBIISLIIACS
TOPU3OHTAIIBHO I’ ThbMa IIapaMu, a MIcis Habopy MIIHOCTI nepeBepranacs Ha 90
IpaayciB y MPOEKTHE MOJIOKEHHS.

Y Topmsx apmarypa Kapkacy Bumymena Ha 50 MM s JOCTiIKEHHS
aHKEPOBKU HIDKHBOI pOOOUOT apMaTypH Mija 4ac MPOBEACHHS €KCIIEPUMEHTATbHIX
JOCIIKEHb.

[Ilo6 3Hatu (QI3UKO-MEXaHIYHI XapakTEpUCTUKU MarepianiB Oanok, Oyso
BUTOTOBJIEHO JIOCIIJIHI 3pa3KiB KyOiB Ta MPHU3M, a TaKOX apMaTypH 13 TUX cCaMuX
MarepialiB, 10 i OaJIKu.
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Y pesynbraTi amnpoobariii po3poOJEeHOiI TEXHOJOT1i BHUIOTOBJICHHS OajoK
apMOBaHUX 3BapHUMHU Kapkacamu MmeroaoM 3D npyky oTpumaHO HaapyKoBaHI
KOHCTPYKIIiT 020K AaHOi cepii, POTO STKUX MOKa3aHO HA PUCYHKY 7.

Puc. 7. banku BurotosneHi meroom 3D npyKy, miciast JOCATHEHHS MTPOEKTHOI MIITHOCTI.

VY mopanbIioMy TUTAHYETHCS JOCIHIKEHHS POOOTH 0ajoK, sSKi BUTOTOBJICHI
metosoM 3D npyKy, il HaBaHTaKEHHSIM Y 1a00paTOPHUX YMOBAX.

BucnoBkn. VY miacymky, po3poOjieHa TEXHOJIOTISI BUTOTOBJIEHHS Oayiok
apMOBAaHUX 3BapHUMH KapkacamMu 3a jgonoMororo 3D Japyky 3 BUKOPUCTAHHIM
OyniBEIbHOTO MpPUHTEpa BUSBWIACS €()EKTUBHOIO JJISI CTBOPEHHS BHCOKOSIKICHUX
KOHCTPYKIIIH.

i KOHCTPYKIIT MOKYTh OyTH YCHIIIIHO BUKOPUCTaH1 y Oy/IIBHULITBI Ta B paMKax
HAYKOBUX E€KCIIEPUMEHTAIbHUX JOCIIIKEHb.

3acrocyBanHs OyaiBenpHOro mpuHTEpa Ta 3D 1ApyKy AO3BOJMIO OTPUMATH
KOHCTPYKIIii, IKI TOYHO BIATOBIAAIN TOMEPETHHO PO3POOICHUM KOHCTPYKTHUBHUM
pIIIEHHSM, 1 OYJI BUTOTOBJIEHI 3T1IHO 3 PO3POOJICHUX TEXHOJIOTIUHUX PIIICHb.
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