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HNCCJIEJOBAHUE 3AKOHOMEPHO§TEﬁ O®OPMUPOBAHUSA TOYHOCTHBIX
ITAPAMETPOB AETAJIEHN ITPU ITPOTOTUIIMPOBAHHUHN

HccrnenoBanbl  mpoOJieMbl, BO3HUKAIONIME B
nporiecce HopmMooOpa3oBaHus MPU TPEXMEPHOH Teva-
Tn Aeraneid. ChoenmaH BBIBOJA O MPUYMHAX BO3HHUKHOBE-
Hus aedexToB neraneid. JlaHbl HEKOTOPHIE peKOMEHa-
MY 110 n30ekaHuIo AeQEeKTOB MPU MPOTOTUITHPOBAHUN
o texHoyoruu DLP.
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TOTUIHMPOBAHUE, TOYHOCTHBIC MapaMeTpsbl, (HOTOMOIH-
Mep, cemnoobpasHocTh, STL-popmar, TexHOIOTHS
DLP.
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ANALYSISOF REGULARITIESIN ACCURACY PARAMETERS
FORMATION AT PROTOTYPING

The purpose of the work was the study of regu
larities in the cylindrical surface formation abfotyp-
ing. To achieve the task there were developed k&stc
of two parts of “cylinder” type. According to the
sketches in the CAD medium there were formed twg
3D computer parts. The next step to achieve the tag

was the conversion of the designed and created para

metric 3D part in STL format. The printing was dagr
out in two product lines: the cylinders of the ffipsod-
uct line were printed at the maximum rate of thena-
tion (Viorm=12.7mm/h) and at the maximum layer
thickness (&,e=100 mkm), and cylinders of the second
product line — at Vin=5 mm/h; $y.~50 mkm. The
parts were printed according to the method of rapiT

protopyping (RP) — photopolymer light curing (Ditec

[IpeameTom uccnenoBanus U pa3padboT-
KH B TEXHOJOTHH MAIIMHOCTPOCHHUSI SBISIOT-
csl BUIBI 00pabOTKH, BBIOOpP 3arOTOBKH, Kade-
CTBO 00pabaThIBA€MBIX MOBEPXHOCTEH, TOU-
HOCTh 00paOOTKM W MPUITYCKHU Ha Hee, 6a3u-
pOBaHME 3arOTOBOK; CIIOCOOBI MEXaHUYECKOMH
00pabOTKH TOBEPXHOCTEH — IUIOCKHX, IIH-
TUHAPUYECKUX, CIOKHOMPOPUIBHBIX U Jp.
[1].

NsroroBnenue neraneit 1no TpaauIiuoH-
HOHM TEXHOJIOTHH OCHOBAHO Ha MEXaHHYECKOU
00paboTKe X 3aroTOBOK. Tak Kak 3TO BeCchbMa
TpyZOeMKasi W SHEprosarpaTHas 3ajada, TO
TPaJAUIIMOHHBIC TEXHOJOTUU CTAHOBSTCS Me-
HEe MPAKTUYHBIMU U TEPCHEKTUBHBIMH. [[ist
MITYYHOTO ¥ MEIKOCEPUHHOTO MPOU3BOJCTBA
Han0oJIee ONTUMAIIBHBIM PEIICHUEM SIBIISICTCS

104

Light Projection —DLP) on Envision Ultra 3SP plant.
Material — high-temperature photopolymer resin HTM
140. Heat-resistance of this material makes 140°C.

As a result of the research there was revealed a
vivid saddle-shaped form in printed cylinders. Tae-
son of a hidden defect lies in a high rate of jmopand
also in a layer thickness. It should be excluded the
reason of an error can be electronic mistakes guin
3D conversion of an object from CAD medium into
STL format.

Key words. 3D printing, prototyping, accuracy
parameters, photopolymer, saddle-shape form, STL
format, DLP technique.

BHEJPEHUE TEHEPaTHBHBIX TEXHOJOTHil, Ha-
npumep TexHojorui 3D-mewatu. B ciyuae
HEBO3MOXXHOCTH M3TOTOBJICHUS JI€TalH IO
TPaAUIIMOHHON TEXHOJIOTUU MEXaHO0OpaboT-
KM W3-3a CJOXHOW ¢opmbl usnenus 3D-
nevaTh SIBJISETCS OJHHUM U3 BBIXOJIOB M3 CIIO-
KuBIieics cutyauuu. COBpeMEHHbIE TEXHO-
noruu  3DOpOTOTUNIUPOBAHUS  TTO3BOJISIOT
JOCTaTOYHO OIEPATHUBHO MOJIYYUTh TOYHYIO
JeTallb C MUHUMAJIbHBIMU 3aTPaTaMH.
[TporoTunupoBaHue - OBICTpas YEPHO-
Bas peanu3aius 0a30Boi (YHKIIHOHATHHOCTH
JUIS aHaju3a paboThl CHCTEMBI B IiesioM. Ha
ATare NPOTOTUITUPOBAHUS MAIBIMU YCHUITHSIMHU
cosmaercs paboraroriast cuctemMa (BO3MOXKHO,
Hed(DPEKTUBHO, ¢ OMMUOKAMHU U HE B TOJHOMN
mepe). Ilocne sTama TPOTOTUIHMPOBAHHS B
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OOJIBIITMHCTBE CITy4aeB CIEIYIOT ATaIlbl Mepe-
cMoTpa 00beKTa, pa3pabdoTKH, peaau3aluu u
TECTHPOBAHUSI KOHEYHOTO TIPOTYKTA.

Lenpto paboTHl OBLIO HM3YyYCHHE 3aKO-
HOMEPHOCTEW (OPMHPOBAHUS NHIHHIPUYC-

015

CKHMX MOBEPXHOCTEW MpPU MPOTOTUITUPOBAHUH.
JInst TOCTHIKEHHMS ITOCTABIICHHOMN I11eJU ObLIN
pa3paboTaHbl JBE ACTAIH THIA <ITAITHHIP,
ACKU3Bl KOTOPBIX MPUBEICHBI HA puc. 1u 2, u
HarieuaTanbsl Ha 3D-puHTEpE.
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Puc. 2.1lunuupap BTOpOii cepun

[TeuaTh MPOMCXOMIA JABYMS CEPHSIMHU:
LUIMHAPLI TIEPBOM CepUM OBUIM Harle4aTaHbl
pH MaKCHMAaJIbHOW CKOPOCTH IOCTPOCHHUS
(Vioerpoerms=12,7 MM/4) M MaKCHMaabHOM
ToatuHe oS (Se0s=100 MKM), a IHUIHHAPHI
BTOPO# cepuH — IMPH V peqary=5 MM/4, S.;0,=50
MkM. Kaknas cepust coctosiia u3 4 nmeranei.
Jletanu meyaTaaMch MO METOLY OBICTPOTO

npototunuposanus (Rapid Prototyping - RP)

— cBeTooTBepxkaeHUs1 poTtononumepa (Direct
Light Projection - DLP) Ha ycraHoBke
Envisiontec Ultra 3SP Marepuan HTM
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140, TennocTORKOCTh KOTOPOT'O COCTABIISIET
140<C.

CyIIHOCTh TAaHHOTO METOJa IMeYaTH CO-
CTOUT B TOM, 4TO CTpOSITCSI TpeXMepHBIe 06’5-
eKThI 10 METOAY MPOCIUPOBAHUS CBETOBBIX
Macok. [lomumepmsarusi mMarepuana ocyile-
CTBIIIETCS HE IO TOYKaM, a IIOCJIOHHO, IO
pacTpoBeIM MackaM. biaromapsi 3TOMy CKO-
POCTBH TIOCTPOCHUS HE 3aBUCUT OT Pa3MEpPOB U
CJIOKHOCTU JOCTaIu. I[J'I}I HOCTpOGHI/ISI MOoaciin
WCIOJIB3YETCS  aKPWJIOBBIA  (poTOmOIHMED.
OTBepKIeHUE CIIOS OCYLIECTBISIETCS YIbT-
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paduoneroBoit jammoii. I[lpomecc, pazpabo-
TaHHBIA KoMmaHue Texas Instrumentsjc-
nois3yercst pupmoii Envisiontec ['epmanns)
[2].

ITo sckuzam (puc. 1 u 2) B cpene CAD
OBUTH CO3/IaHBI JIBE TPEXMEPHbIE KOMIIBIOTEP-
HBIC JETATM THMA <HIUHAP». Clemayrommum
[IaroM K JIOCTHXKCHHIO IOCTABJICHHOM LEn
CTaJl MEepeBO] CIIPOSKTUPOBAHHON M CO3/aH-
HOM TpexMmepHO# neranu B STL-popmar.

ITocne w3roroBnenuss (0e3  BCAKOM
JanbHeHIeit MexaHo0OpaOOTKK) OJMH U3 ITH-
JVHJIPOB TIEPBOW CepUU OBLI YCTAHOBIICH Ha
OIIPaBKY M 3aKpPEIUICH B TPEXKYJIAYKOBOM I1a-
TpoHe crtanka 16K20 ¢ menpro u3MepeHHs
OueHus U OTKIIOHEHUs OT Kpyrioctu. Ha puc.
3 mokaszaHa cxema M3MEpEeHHs JeTalld, KOTO-
poOe BBIMOJHSIIOCH C TIOMOIIBIO HHIUKATOPA
yacoBoro tuma (nena aenenus - 0,002 mm)
gepe3 Kaxpie 6 Ha paccrosHuE 10 MM 110
MTOBEPXHOCTH JICTAIIH.

o

e

Puc. 3.Cxema n3Mepenus: 1 —IHIMHIP IEPBOM CEPHH;
2 —HMHAWKATOp YaCOBOTO THIA; 3 —OIpaBKa

Jlanee Ha OWEHHE M OTKJIOHCHHE OT
KPYIJIOCTH OBbUT MPOBEPEH LWJIMHIP BTOPOI
cepur. Ha oCHOBaHMM TOJYYCHHBIX TaHHBIX
MOCTPOEH TpaduK OTKIOHEHHS OT KPYIJIOCTH
(puc. 4), u3 KOTOPOro BUIHO, YTO HA 00OUX
WIHHIPAX TPOCIEKHUBACTCA  SAPKO BbIpa-
JKEHHAs! CeITI000Pa3HOCTb.

CemmooOpa3HOCTh - YaCTHBIA BHJI OT-
KJIOHCHUST MPOQUIIS MPOAOJILHOTO CEYCHHS,
pU KOTOPOM OOpa3yroIue HIUHIPHYSCKON
JIeTalld HETPSIMOJIMHEHHbBI, a €¢ JUaMETPhI
YMEHBILIAIOTCSL OT KpaeB JETalld K ee Cepe/iu-
HE.

0,020 == Llununap nepeoit cepuu
0,010
0,000 == LlnauHap BTOpOI cepum
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-0,060 -
-0,070
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-0,100
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Puc. 4.Tpaduk OTKIOHEHHS OT KPYTIIOCTH
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[Ipuumna Takoro medexra odenx mera-
JIEW KpOETCsl B BBICOKOW CKOPOCTH I€YaTH, a
TaK)Xe TOJIIMHE cios. Henb3s uckiovars u
TOTO, YTO MPHUYUHON TOTPEITHOCTH MOTYT
OBITH DJICKTPOHHBIE OIIMOKW TIPH TIEPEBOJIC
TpexmepHoro oobekra 3 CAD-cpenst B STL-
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