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Pedepar. OTmeTnin, 4yTO ypoBEHD MEXAHUYECKUX CBOIMCTB MONMMEPHBIX U3IEINH, U3TOTOBIECHHBIX € IOMOLIBIO TPaIULMOHHbIX
TEXHOJIOTHI, BBIIIE, YeM JIeTajel, U3TOTOBIEHHBIX JD-neyarsio. [lokasamy akTyaqbHOCTh UCCIENOBAHUS PA3IMYHBIX CIIOCODOB
ynpouHeHus: 3D-TeyaTHbIX M3/IeIUH, HapuMep crioco0a BaKyyMHOM MPOMUTKU B STIOKCHAHBIX KoMmayHIax. ([fens ucciedosa-
Hus) OnpeennTh 3aBUCUMOCTD KauecTBa MPONUTKU 3D-TeuaTHbIX JeTaneil ceabCKoX031HCTBEHHON TEXHUKH OT BS3KOCTH BbI-
OpaHHOTO MPOIUTOYHOTO TMOKCUIHOTO KoMIayHa. (Mamepuans u memoost) VI3MEHSIN BA3KOCTh HPOIUTOYHOTO SIOKCHIHOTO
KoMITayHza, o0aBisis pasbasureny — anetod u J3I-1. [ n3MepeHns BI3KOCTH KOMITayHIa CTOTB30BANH POTAIMOHHBIA BU-
cko3uMeTp. B kauecTBe 00BEKTOB IPOMUTKU BHIOPAIH MIECTEPHIO MPHBOJA MATHETO MYCKOBOTO ABHratens Tpakropa MT3 u omo-
Py NanbleB mHeka xaTku John Deere. Jleranu u3rotopuinu Ha 3D-ipuHTepe, padoTaromem no texxonorud FDM. ITocne nponut-
KU TIPOBOJMIH PE3Ky U3AENUH B ONpPEAeNeHHbIX CEUEHUAX AN OLECHKH HAIU4YUA HEMPOMUTHIX obnacteil. OUeHUIN KOIUYecTBO
CMOJIBI, 3aTBEPAEBIICH Ha MOBEPXHOCTH M3ENHIL. (Pe3yivmamul u 0bcyscoenue) YCTAaHOBIIIM, YTO AIIETOH CHIDKAET BSI3KOCTH B
2 paza s¢pdextuBree, ueMm IO0'-1. [TockoIBKY CTOMMOCTB aIleTOHA MEHBIIIE, MOCIEAYIONIAE SKCICPHMEHTHI TIPOBOHIIA HA HEM.
JUst IpOTUTKY feTaneil CebCKOX03HCTBEHHOM TeXHUKU BHIOPAIN TPH YPOBHS BSI3KOCTH: BBICOKH, COOTBETCTBYIOIIMI HCXOM-
HOM BA3KOCTH AMOKCHIHOTO KOMTIayH/a 16 mackamb-ceKyH/I; cpenHuil — 8,8 mackanb-CeKyHIbl, COOTBETCTBYIOIINHI BBeeHHIO 0,5
MpOILeHTa (0 Macce) alleToHa; HU3KUi — 6,5 mackanb-CeKyH/Ibl, COOTBETCTBYIONINH BBeIEHHIO 1,5 mpoleHTa (1o Macce) aleTo-
Ha. BeIABUIIN, YTO M3A€NMs, IPONUTAHHBIE KOMIIAYHAAMHU C BBICOKO! U HU3KOM BA3KOCTBIO, COIEPKaIl MHOTO IIOP B CEUEHHUSIX U
OOIbIIOE KONMYECTBO KOMIIayH[Ia Ha TIOBEPXHOCTH. (Bbi600ut) [lo pe3ynbraraMm NpONUTKH OMPEASTMUIIH JIYULIYI0 KOMIIO3UIIIIO —
C BS3KOCTBIO STOKCHIHOW CMOIBI 8,8 TacKasib-CeKyHJIbI, YTO COOTBETCTBYET cofepkanuio 0,5 mporeHTa (1o Macce) aleToHa.
JloKa3anu, 4T0 OBHIIIEHHAS BI3KOCTh KOMIIAYH/[a HE TO3BOJISET eMy d(Q(eKTUBHO IPOHUKAT BHYTPh JCTAIH, IPH HA3KOH BS3KO-
CTH, HAMPOTHB, KOMMAYH]I BEITEKAET U3 IETAIH MOCNE OCYIIECTBICHHUS POMHUTKH.

KuroueBble ci10Ba: 3II0KCHAHBIE CMOJIBL, 3 D-T1e9ath, BI3KOCTh 3MOKCHAHOTO KOMITayH/[a, THHAMAYecKas BA3kocTh, ABC-mmacTuk,
MOJUMEPBI.
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Abstract. It is noted that the level of mechanical properties of polymer products manufactured with the help of traditional
technologies exceeds that of products made by 3D printing. The relevance of studying various methods of strengthening 3D
printed products is shown, for example, the method of vacuum impregnation in epoxy compounds. (Research purpose) To
determine the dependence between the quality of impregnation of 3D printed parts of agricultural machinery and the viscosity of
the impregnating epoxy compound selected. (Materials and methods) The viscosity of the impregnating epoxy compound was
changed by adding such diluents as acetone and DEG-1. The viscosity of the compound was measure by a rotational viscometer.
The magneto drive pinion of the MTZ tractor starting engine and the auger pin support of the John Deere cutter bar were chosen
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as the objects for impregnation. The components were produced by a 3D-printer using FDM technology. After impregnation, the
products were cut in certain sections to assess the existence of unfilled areas. The amount of resin hardened on the product surface
was estimated. (Results and discussion) It has been found that acetone reduces viscosity 2 times more efficiently than DEG-1.
Since acetone cost is lower, it was used for the subsequent experiments. For the impregnation of agricultural machinery parts,
three levels of viscosity were chosen: the high level, corresponding to the 16 pascal-seconds initial viscosity of epoxy compound;
the average level of 8.8 pascal-seconds, corresponding to the injection of 0.5 percent of acetone (by weight); the low level of
6.5 pascal-seconds, corresponding to the injection of 1.5 percent acetone (by weight). It was found that products impregnated
with high and low viscosity compounds contained many pores in cross sections and a large amount of compound on the surface.
(Conclusions) Based on the results of impregnation, the best composition proves to be that with the epoxy resin viscosity of 8.8
pascal-seconds corresponding to 0.5 percent of acetone (by weight). It is proved that the higher compound viscosity does not
allow it to effectively penetrate into the product, at a lower viscosity, on the contrary, the compound leaks out of the product after
impregnation.

Keywords: epoxy resins, 3D printing, epoxy compound viscosity, dynamic viscosity, acrylonitrile butadiene styrene (ABS)
plastic, polymers.
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OBBIIICHUE HAJIS)KHOCTH Pa3TNIHBIX MEXaHIIe-

CKHUX Y3JIOB CEITbX03TEXHUKH, a TAKXkKe obecrede-

HUE BO3MOXKHOCTH OBICTPOTr0 PEMOHTA 3THX y3-
JIOB, 0COOCHHO B YCJIOBUSX CE30HHOM pabOTHI, OCTAIOTCS
BaxkHOM 3amaueii [1]. CenbCKoX03sMCTBEHHBIC MAIIMHBI
CETONHS BO MHOTOM COCTOSIT M3 TIOJIMMEPHBIX JIeTaJICH.
TpaauHOHHOE TPOU3BOACTBO H3ACIHIA U3 TOTHUMEPHBIX
1 TIOJIMMEPHBIX KOMITIO3UIITUOHHBIX MaTE€PHUaJIOB 3aHUMa-
eT 00JIBIIOE KOJTUYECTBO BPEMEHH. 3a9acTyI0 OHO Tpe-
OyeT crienuaIbHOW OCHACTKH, YTO YBEIIHYUBAET CTOU-
MOCTB KOHEYHOTO TPOAYKTa. [J1s yCKOpeHHsI 1 yIenIeB-
JICHUS IPOLIECCa U3TOTOBJICHHUS OJTMMEPHBIX ETaeH
BO3MOYXHO TPUMEHEHHUE aJAUTUBHBIX TEXHOJIOTHH [2-4].

Haubonee pacpoctpaHeHHas TeXHOIOTHS 3D-11eua-
TH U3 IOJIMMEPHBIX MaTepuanoB — FDM (fused deposition
modeling). OHa npencTaBisgeT cOO0H METOI CO3TaHUS
JIeTaJIy Iy TeM IOCJIIOWHOT0 HATIABJICHU S TEPMOIITIACTHY-
Horo nonumMepa (puc. 1). K ee npenmyiecTBaM OTHOCST-
Csl HU3Kasl CTOUMOCTD U OOJIBIIION CIEKTP MIPHMEHSIEMBIX
MaTepUaJiOB, YTO MO3BOJISACT MOTYYaTh U3JCTUS C pa3-
JTUYHBIMH KOHCUYHBIMHU CBOHCTBaMHU. B xadecTBe monu-
MEpHBIX MaTepUaJIOB IPUMEHSIOT CIEAYIONIUE UX pa3-
HoBuHOCTH: [TJIA (mommmaktun), ABC (akpunoHu-
Tpun-0ytaaueH-ctupo), [IBC (monuBUHUIIOBEIHA CIUPT),
[TA (mommamuasl), I1K (monukap6onar), II1 (momumnpo-
MUJIeH) U ApyTrue [, 6].

Ha ceronusiniHuii 1eHb akTyaseH BOIPOC U3TOTOBJIE-
HUA 3D-Ie4aTHBIX U3IEIIUi, COTOCTAaBUMEIX 110 CBOM-
CTBaM C JCTAISIMH, IPOU3BEACHHBIMH TPATHIIHOHHBIMU
METOIaMHU IepepaboTKH I1acTMacc. B ¢Bsi3u ¢ aTuM mpo-
BOZATCS HCCIIEOBAHUS Pa3IMYHBIX METOOB, CIIOCO0-
CTBYIOIIMX IMOBBIIICHNU IO (I)I/ISI/IKO—MGXEIHI/I‘IGCKI/IX CBOICTB
3D-nevyarHbIx u3nenuit. K ux aucimy MO>KHO OTHECTH Ma-
TEepPHAIOBEAUECKUN METOI, 3aKITI0UaOIINICS B pa3paboT-
K€ HOBBIX ITOJINMEPHBIX KOMITO3UITHOHHBIX MaTEPHAJIOB
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Puc. 1. Obwas cxema adoumuero2o noIuMepHO20 NPOU3800CmMed
Fig. 1. General diagram of additive polymer production

s 3D-nedaru [7-9]. Kpome Toro, cyIecTByIOT pa3jiny-
HBIE METOJIbI YIIPOYHSIOMEH TOCTOOPaOOTKY H3ICITHA.
OnuvH U3 HUX — BaKyyMHas IPOMUTKA B MOJTUMEPHBIX
koMmmayHaax [10-14].

LIENb NCCNEQOBAHUS — ompeeleHre 3aBUCUMOCTH
KauecTBa NPONUTKH 3D-neyaTHBIX JAeTaliel CeNbCKOXO-
3SIUCTBEHHOW TEXHUKH OT BA3KOCTH BLIOPAHHOTO TIPOITH-
TOYHOT0 SMOKCUTHOTO KOMIIayHIa.

MATEPUANBI N METOAbI. DIOKCUAHEIE CMOJIBI 00J1a-
JIAFOT BBICOKMM KOMIIJIEKCOM MPOYHOCTHBIX, TEII0(H-
3UYECKHX, TUAJICKTPUUECKUX U aAT€3NOHHBIX MOKa3arTe-
JIEH, YTO B COBOKYITHOCTH C TEXHOJIOTHYECKUM YI00-
CTBOM U SKOHOMHYECKOU BBHITO/I0H 00YCIOBUIIO BBIOOD
SMOKCUIHBIX OJTUTOMEPOB B KaU4E€CTBE Marepuaa AJst
NPONMUTKY 3D-TeYaTHBIX U3AENHUN. BA3KOCTh 3MOKCHA-
HOM KOMITO3UIINY BJIHSET HA KAYECTBO MPOMUTKH U KO-
JIMYECTBO MYCTOT B KOHEYHOM u3jennu. Kak moka3zanu
MpEAbIAYIIUE UCCIISIOBAHUS, YTOOBI YIIYUIIHTh Kade-
CTBO MPONHUTKH, HEOOXOIUMO CHU3HUTH BA3KOCTb JIOK-
CHIHOM cMOJIBI. JIJ1s1 9TOro HCIob30BaaIn HAauboIee 10~
CTYITHBIC Ha OTE€YESCTBEHHOM PhIHKE pa30aBUTEIH, OTHO-
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csiIuecs K IBYM pa3HBIM KilaccaM: HHAKTUBHEIC H aK-
TuBHBIE. [IepBbie HE CIOCOOHBI XUMUYECKH BCTPauBaTh-
CsI B CTPYKTYPY SIIOKCHIHON CMOIIBI B TPOLIECCE OTBEPIKIC-
Husl. [ToaToMy BO3MOXXHO 06pa3oBaHue IOP M MUKPOJE-
(hekTOB Ipu HcTlapeHuH pa30aBUTENS BO BpeMs 3K30Tep-
MUYECKOH peakIuy OTBEPKIACHHUS, YTO CHIDKAET IPOU-
HOCTh MaTepHuaja. AKTUBHBIE pa30aBUTENIN COACPKAT B
CBOCH XHMUYECKON CTPYKTYpe OyHKITHOHABHBIC STTOK-
CHTHBIC TPYIIIBI, YTO IOMOTaeT UM BCTPAUBATHCS B CTPYK-
TYpY OTBEP>KICHHOTO MOJIMMeEpa ¢ 00pa3oBaHUEM XUMHU-
geckux cBsizeit [15-18].

B kadecTBe MHAKTUBHOTO pa30aBUTEINS JAJIsI STIOKCHU -
HoM cMoiibl Mapku J/1-20 BbIOpasu alieToH, B KauecTBe
aktuHoro — J19I-1 (mao6n. 1).

Ta6nuua 1 Table 1

CocCTABbI WCCNEQYEMbIX CMECEN
COMPOSITION OF MIXTURES UNDER STUDY
Copep:xanue pa3oaBuTeis,
Ne C ogloc: si;ri - % 1o macce
p Diluent content, % by weight
DJ1-20
I 1 ER20 v
O/1-20 + aneToH
z ER-20+ acetone s
3 DJ1-20 + aneToH 1.0
ER-20+ Acetone ?
4 3/1-20 + auetoH 15
ER-20+ Acetone >
5 D1-20 + 12T-1 95
ER-20+ DEG-1 >
¢ | DH20+ ]3I <0
ER-20+ DEG-1 >

JnHaMHUYeCKYIO BA3KOCTh U3MEPSIIU POTALlMOHHBIM
BUCKO3UMETPOM Rotavisc lo-vi co mmmuaaenem SP-2

(puc. 2).

a b ||
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poBany B BaKyyMHO-TUTheBoU Mamuae KLM V400 A.
Y6enuBUIUCH, YTO B CMECH OTCYTCTBYIOT ITY3BIPH BO3/1Y-
Xa, U3MEPSITN BA3KOCTH B pE)KMME aBTOMATHIECKOT'O BBI-
06opa CKOPOCTH BpalleHUs IIUHIEIA — 1 obecreue-
HUS MUHUMAJIBHOH ITOTPEITHOCTH P H3MEPEHUH.

B kadyecTBe 00BEKTOB HCCIICIOBAHUS BBIOpAJIH IIe-
CTEpHIO MPUBO/IA MAaTHETO MMYCKOBOTO ABUTATENS TPaK-
Topa MT3 u omopy najblieB NrHeKa xaTku John Deere

(puc. 3).

Puc. 3. lllecmepns npusoda mazHemo (a) u onopa naivyes uHeKa
orcamku John Deere (b)

Fig. 3. Magneto drive pinion (a) and John Deere cutter bar auger
pin support (b)

Kapkacs! orop naJibleB IIHEKa )KaTKH H3rOTaBIHBa-
mu Ha 3D-npunTepe TotalZ 250 G3, kapKack MecTepHe —
Ha 3D-nipuntepe Flying Bear Ghost 5 B onipefieieHHOM
pexume niedatu (mabs. 2). MaTepraioM neyatu BO BCeX
CIIyuasiX CILy XU INacTUK ABS.

Ta6nuua 2 Table 2

PEXWM NEYATU KAPKACOB ONOP ﬂAﬂbLlEB/I.IJECTEPHEVI Ans NPONUTKKU

PRINT MODE FOR IMPREGNATING PIN SUPPORT FRAMES/PINION FRAMES
IMapametpsl / Parameter 3navyenne / Value

KonmgecTBO mepuMeTpoB, MIT. 2

Number of perimeters, pcs

3anoauenue, % 33

Filling, %

Tun 3anonHeHUs CeTKa

Type of filling grid

Temnepatypa comia, °C

Nozzle temperature, °C ZAURES

Temneparypa crona, °C 100

Table temperature, °C

CKOpOCTh IE9aTH CTEHOK, MM/C 30

Speed of printing side walls, mm/s

CKOpOCTB MeYaTH 3aoIHEHHS, MM/C 40

Fill print speed, mm/s

Puc. 2. Obopyodosanue 01 usmepenus 8s3Kk0Cmu.; a — pomayuoH-
Hblll suckozumemp Rotavisc lo-vi; b — wnunoens SP-2

Fig. 2. Viscosity measurement equipment: a— Rotavisc lo-vi rotary
viscometer, b — SP-2 spindle

CMecH MoAroTaBIMBAJIH C IOMOIIBIO 1a00paTOPHBIX
BecoB Beicokor TouHOCTH CAS XE 6000. HaBecky pa3oa-
BUTEJS IOMELIAJIN B MACCy 3MOKCHIHOW CMOJIbI, TIIA-
TEJIBHO pacHpeessyii 0 BceMy 00beMy BPYUHYIO, 3a-
TEM CMECh IOTTOTHUTEIIEHO TIePEMEIIHBAH 1 BAKYyMH-
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[Ipouecc nponutku 3D-ne4aTHBIX MOJTUMEPHBIX U3-

DENIAN COCTOST U3 CIETYIOMINX TATIOB:

- HaBecka cMoJbl DJ1-20 ¢ TOMOIIBIO 1TAO0PATOPHBIX BE-
COB;

- Bakyymuzanus cMoinbsl 3/1-20 B kamepe BaKyyMHO-JTUTbe-
BOI MamuHHI (puc. 4);

- HaBecKa He0OXO0IMMOT 0 KOJIMYECTBA OTBEPAUTEINS U
paszbaBuTens;

- BMCIIWBAaHUE B MACCy SIOKCHIHOW CMOJIBI OTBEPANTE-
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71 ¥ pa30aBUTEIISI C IOMOIIBI0O CMECUTEIISI BAKYYM-
HO-JTUTHEBOI MaIIMHBI,

- IOBTOpHASI BaKyyYMHU3aIlNs 3ITOKCHTHOH KOMITO3UIIHH;

- pa3MmeleHre B 00beMe SIIOKCUIHOM KoMITo3uIu 3D-1e-
YaTHBIX OJINMEPHBIX 00pa3IoB;

- BakyyMu3aLus o0pa3uos (3 uukia no 7 MUH), MEXAY
IUKJIAMU KaXk bl 00pa3el] mepeBopaunBaICcs Ha Ipo-
THBOIIOJIOKHYIO CTOPOHY JJIsl pPABHOMEPHOH ITPOIUTKHY;

- BEPTUKAJbHOE MO/ABEIINBaHNE 00Pa3L0OB A0 MOJIHOTO
OTBEPKACHUS STOKCUTHON CMOJIEL.

14

12

10

Basxocrs, [lac
Viscosity. Pa's

Q 1 2 3 4 3 6

Komrgecteo pazbapmrerna, mace. %
Quantity of diluent, wt. %

Puc. 4. Bakyymno-numvesas mawuna KLM V 400 A
Fig. 4. KLM V 400 vacuum casting machine

[Nocne mponuTKM 00pas3IBl pa3pe3ay ¢ MOMOIIBI0
PY4YHOr0 OTpe3Horo ctranka Labotom-3 Struerus B COOT-
BETCTBUU O cxeMoit (puc. ).

Ceuenne
(_ ’.?clmn
Couenme
S 1

Ceuenne 2
Section 2

tion

Ceuenne 1
b Section 1

a

Puc. 5. Cxema pesxu onopoet nanvya (a) u wecmepnu (b)
Fig. 5. Diagram of cutting the pin support (a) and pinion (b)

KadecTBo mory4eHHBIX CEUeHUH OIICHUBAJIH IO Ha-
JIMYUIO HEMPOJIUTHIX 00JaCTel 1 KOJINYECTBY AOKCH -
HOM CMOJIBI, 3aTBEPIEBIICH BI0JIb CTCHOK JETAIH C BHEII-
HEU CTOPOHHI.

PE3YNbTATBI U OBCYXXAEHUE. TToyYniin 3aBUCUMO-
CTH BSI3KOCTH MOKCHUIHOM cMOJIbI D/[-20 OT KoTm4ecTBa
aKTHUBHOT'O M HHAaKTUBHOTO pa3z0aButeneii (puc. 6).

BsizkocTs uccnegyemoit anokcuiaon cMmonbl DJ1-20
paBHa mpuMepHo 16 [1a-c, 4To COOTBETCTBYET €€ macmnopT-
HBIM JIaHHBIM. ALIETOH CHHM)XaeT ee MPUMEPHO B 2 paza
s dekxrupHee, yem JIOI-1. IIpu onuHAKOBOM comepxka-
HuHM pazbaButeneil B konuyecTse 0,5 macc. % BA3KOCTH
cmecu ¢ mpumenenneM 1011 coctaBnser okomno 15 [Ma-c,
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Puc. 6. 3asucumocms 6s3x0cmu 3noKcuonou cmonvt I/-20 om
68e0eHUs pa3iuyHbix pazoasumeneil. 1 —ayemon,; 2 — J[OI'-1
Fig. 6 Dependence of viscosity of ED-20 epoxy resin on the injection
of different thinners: a — acetone; b — DEG-1

TO ecTh Ha 6% MeHbllIe, TOT/Ia KaK B BApHAHTE C alleTo-
HOM DTOT Tokasatens paBeH 8,7 [1a-c, unu va 45% Huxe.

C NOBBIIICHUEM COICPIKAHU I MHAKTUBHOTO pa30aBu-
Tens (alleTOHa) ero BIHSHHAC HA BI3KOCTh CHUKACTCS.
Taxk, npu Bozpactanuu B 2 pasza (c 0,5 no 1,0 macc. %) 3Ha-
yeHne BA3KOCTU cocTaBisieT yxe 7,1 Tla-c, uto Bcero Ha
10% BrI1IE, yeM npu ucnoas3oBanuu 0,5 Macc. % aneTo-
Ha. [TonoOHBIH 3¢ (DEeKT, BEPOSITHO, CBA3aH C OTPAHUUYCH-
HOU PacTBOPUMOCTBIO IMOKCUIHON CMOJIBI B allETOHE.
Paz0aBiieHne SIIOKCUTHOM CMOJIEL all€TOHOM MOYHO OITHU-
caTh KaK MPOIECC OTPAaHUYCHHOTO Ha0yXaHUs, TO €CTh
MPOIIECC B3aUMOJICHCTBUS OJIUTOMEPHOH (DPaKIIK C HH3-
KOMOJIEKYJIIPHOH XKUAKOCTHIO (MHAKTUBHBIM pa30aBu-
TeJeM), HHaYe FOBOPs, KaK IPOLECC, OTpaHUICHHBIH CTa-
JIUCH MOTJIONICHU ST HU3KOMOJIEKYISIPHOT'O PACTBOPUTEIS
OJTUTOMEpaMH.

B oTnuume oT aneToHa, 3aBUCHMOCTb BSI3KOCTH IIOK-
CHUIHOU CMOJIBI OT MaCCOBOT'O COIEPKAaHUSI aKTHUBHOTO
pas6asutens ([2I-1) nuneitna. B nanHoM cirydae mpo-
[[ECC MPEACTABIISAET OO0 pa30aBIeHUE OIUTOMEPHBIMHA
HHU3KOMOJICKYJISIpHBIME (ppakuussMu. OqHAKO STOT Me-
TOoA TpeOyeT OoNblIero cofepkanus pa3baBuTeNs I
CHIDKEHUS BSI3KOCTH JI0 YPOBHSI, aHAJIOTHIHOT'O TIPH HIC-
[TOJIb30BaHU Y HHAKTUBHOTO pa30aBUTEIS.

B pesynbrate uccieqoBaHUS 3aBHCUMOCTH BSI3KOCTH
STMOKCHIHOTO KOMIIayH/Ia OT BBEICHUS pa30aBuTeIei pe-
[ICHO MOCJICIYIOUIUI IKCIIEPUMEHT TI0 UCCIICIOBAHHIO
KadecTBa MPOMHUTKY ITOJIMMEPHBIX W3S TPOBOIUTD
IIPU TPEX YPOBHSX BSI3KOCTU: HU3KOM, CPEIHEM U BBICO-
KOM (maba. 3). BA3KoCTh MPOIMUTOYHOTO KOMITayHa OY-
JIET 3aJ1aBaThCs C TIOMOIIBIO alleTOHa, OoJee TOCTYITHO-
IO B [[CHOBOM CEI'MEHTE.

3D-mieyaTHBIC ACTATH OMOP MATBIECB IITHEKA KATKH
MPOMMUTAIN STOKCH THBIMUA KOMIIO3UITUSMU C Pa3HBIM KO-
TUYeCTBOM pa3daButens (puc. 7).

B nmepBoMm BapuanTe, 06e3 pa3baBUTENs, KOTHIECTBO
CMOJIBI BO BHYTPEHHHX HOJIOCTSX M3ACTHS MaJIO BCIIEA-
CTBHE TOCTATOYHO BBICOKOW MEPBOHAYAIBHON BA3KOCTH
SMOKCHUIHOM cMoITbL. Bee 3enenbie 001acT HaX0aATCs
BIIOJb CTCHOK M31enns. Takke MOKHO OTMETUTH JOCTa-
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Ta6nuua 3 Table 3

Komnoauuum ans oLEHKU KAYECTBA MPOMUTKM
3D-NEYATHbIX NONUMEPHbIX U3ENWIA
COMPOSITIONS FOR ASSESSING THE QUALITY OF IMPREGNATION
oF 3D-PRINTED POLYMER PRODUCTS

Coaep:xanue BsizkocTh
aneToHa, 3MOKCHIHOH KOM-
YpoBeHb BA3KOCTH % 1o Macce no3unuu, Ia-c
Viscosity level Mass content Viscosity
of diluent of the epoxy
(acetone), % composition, Pa-s
Bricokuii / High 0 16
Cpennnii / Middle 0,5 8,8
Huszkwnit / Low 1,5 6,5

a b

Puc. 7. Ceuenus 3D-neuamnuix nonumepHsix 0opazyos muna ono-

pa nanvyes, npoNUManHHblX INOKCUOHBIMU KOMROZUYUSAMU C PA3-
HbIM Koauyecmeom pazbasumens, % no macce: a—0; b—0,5; ¢ —
1,5 (kpacuvim ommeuenvl obnacmu ¢ 6OILUUM KOTUYECTNEOM
OMBePHCOEHHOU CMObL, He NPOHUKUIEl 60 GHYMPEHHUe NOIOCMU
u30enusl; 3eleHblM — NPONUMAHHbLE NOIOCIU U30eNUs)

Fig. 7. Cross-sections of 3D-printed polymer samples of pin support
type impregnated with epoxy compositions containing different
amounts of diluent, % by weight: a—0; b—0.5; ¢c— 1.5 (red marks
show the areas with a large amount of cured resin that has not
penetrated into the product internal cavities; green marks show
the impregnated product cavities)

TOYHO OOJIBIIIOE KOTHYECTBO AITOKCHTHON CMOJIBI, OTBEPIK-
JICHHOW Ha BHEUTHIX ITOBEPXHOCTSIX H3ICITHSL.

Bropoii ciyuait, c no6asnenuem 0,5% areTona mno
Macce, MOKa3bIBAET, UTO MPOMUTAHHEIE 00JIACTH U3
HaXOAATCS HE TOJIBKO M0 I'PAHUIIE CTEHKH M3/IeNUs, HO U
IMPOHUKAIOT BIUIYOb JIETaIH, TPAKTUYECKH JOCTHUTAs Ce-
pEeIUHBI CCYCHHSI BCEl AeTany.

Tpetuii Bapuant, ¢ gobasiaeHueM 1,5% arerona 1o
Macce, XapaKTepH3yeTcss HAMMEHBIITUM CPEIH BCEX HC-
CJIelyEeMBIX YPOBHEW BSI3KOCTH IPOITUTOYHBIX COCTABOB
KOJTMYECTBOM ITOKCHIHON KOMITO3ULINH, IIPOHUKIIIEH BO
BHYTPEHHHE MOJIOCTH JIeTAJIH, 2 TAK)KE HAUOOJIBIINM KO-
JINYECTBOM SIIOKCUIHOMN CMOJIBI, OTBEP:KACHHOW Ha BHEII-
HUX TIOBEPXHOCTSX (KpacHble o0sacTh). BeposiTHo, mo-
JTy4eHHBIH 3P QEKT cTaa caeacTBUEM HU3KON BSI3KOCTH,
CHOCOOCTBYFOIIEH BEITCKAHHU IO 3TOKCH THON KOMITO3HITHH
13 BHYTPEHHHX ITOJIOCTEH M3AENNs BO BpeMs CTaIHH
OTBEPKICHUS.

OKCTIepHIMEHT IIOBTOPHIIH € 00pa3liaMu THIIA [IecTep-
H4 (puc. §). Hu onquH U3 HUX HE IPONUTAIICS SIOKCHIHON
koMmno3unuel. [Ipranaa, mpenmoIoKuTEIHHO, 3aKITI0-
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YaeTCs B MOBBIIIEHHON INIOTHOCTH BHEITHUX CTEHOK H3-
JIeTusl B CPaBHEHUU C 00pa3laMu TUIIa OIopa MajbIeB.
[Tpu 3TOM HaOFOIAETCS CXOXKasi 3AKOHOMEPHOCTH B KO-
JINYECTBE SMOKCHHOU CMOJIBI, OTBEPIKICHHOHN Ha BHEIII-
HeW TOBEPXHOCTH U3JIETHUS.

Puc. 8. Ceuenus 3D-neuamnuix norumepnulx 06pazyos muna uie-
cmepHsl, NPONUMAHHBIX YNOKCUOHBIMU KOMROZUYUAMU C PAZHBIM
Koauuecmeom pazoasumens, % no macce: a—0; b—0,5; c— 1,5
(cunum ommeuenvl 06acmu ¢ 6OLLUIUM KOTULECMEOM OMEEPIIC-
OEHHOU CMOJIbL, He NPOHUKUIEU 80 6HYMPEHHUE NOJIOCIMU U30eTUsL)
Fig. 8. Cross sections of 3D-printed polymer gear-type samples
impregnated with epoxy compositions containing different amounts
of diluent, % by weight: a—0; b- 0.5; c— 1.5 (blue marks show the
areas with a large amount of cured resin that has not penetrated
into the product internal cavities)

BriBoghbl. Ha ocHOBe mpoBeaeHHOTrO anaau3a 3D-1e-
YaTHBIX TIOJTMMEPHBIX 00Pa3IIOB THIIA OMOPa MATBICB U
MIECTEPHS, MPOIMUTAHHBIX AMOKCUIHBIMHA KOMIIO3HUIIHSI-
MH C pa3HBIM KOJIMYECTBOM pa30aBHTEINs, MOKHO CJie-
JIaTh BBIBOJI, UTO HauOoee ONTHMAaIbHA KOMITO3UIIHS C
BSI3KOCTBIO SMOKCHIHOM cMOJIBI puMepHo 8,8 [a-c, uTo
CcOOTBEeTCTBYET conepxkanunto 0,5% armeToHa mo macce.
O0pa3ibl, IPOMUTaHHBIE 3TOM KOMIIO3ULIUEH, XapaKTe-
PU3YIOTCS HANOOJBIIMM KOJTMYECTBOM 3aII0JTHEHHBIX BHY-
TPEHHUX MOJIOCTEH, a TAKIKE HAMMEHBIITUM KOJTUYECTBOM
CMOJIBbI, OTBep)K,Z[eHHOﬁ Ha BHCIIHUX ITJIOCKOCTAX ACTAJIN.

JleTans Tumna onopa maibleB MPoMUTaIach 3HAUYH-
TENBHO JyYllle, YeM IecTepHs. Heobxoaumo onTuMu3u-
poBaTh KOHQUTYPAIMY U3JICTHUS TIPH €TI0 TPOSKTHPOBA-
HUHU C YYETOM Hanbosee ONTUMAJIbHON TOJIIIMHBI CTEH-
KH JIJ151 00eCTIeueH s Ka9eCTBEHHOM MTPONHUTKH.

B nanpHelimeM niaHUPyeTCs UCCIEI0BaTh 3aBUCH-
MOCTB (PH3UKO-MEXaHUYECKUX CBOMCTB MPOMUTAHHBIX
3D-1rie4aTHBIX 00pa3IIOB OT BHIa M KOJIHMYECTBA UCTIONb-
3yeMoro pa3z0oaBUTeNsl.
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