ISSN 2078-7677. Bucoki mexnonocii ¢ mawiunooydyseanni, 2018, eéunyck 1 (28)

YK 621.74.07
P.T. Kapnuxk, kana. Texs. Hayk, C.B. [liguk, marictp, IBano-®@pankiBchk, YKpaina

ABTOMATU3AIIA TPOLECY TPOEKTYBAHHSA NPEC-®OPM JIJIA
JIMTBA TEPMOIIJVIACTIB IIIJ THCKOM

Ilpogedeno ananiz nOmMeHyitiHUX MOJICIUGOCMEl ma QYHKYIN cucmem agmoMamu3o8ano2o
npoexmysannsi. Ha ocrnosi cmeopenoi mooeni demani y cepedosuwyi Autodesk Inventor noxasano npoyec
PO3poOKU  npec-hopm 0N IUMea i3 BPAXYBAHHAM MEXHOJIOLIYHUX O0COOAUBOCHE mad NPOBEOCHO
CUMYTAYIIO NPOYECI8 3aIUBKU 3 NOOANLUUM NPOSHO30M SIKOCHI GUIUGKIS, WO 00380JISIE CNPOCMUMU MA
CYmmeso  NpUUIBUOWUMI  NPOYECU. NPOEKMYS8AHHs npec-Gpopmu, 30CHEHHS aHANI3Y AUBAPHOT
NOPOJICHUHU MA PO3POOIEHHS KePYIouUX npocpam i 0opodku demanei Ha sepcmamax 3 4IIK.

Kniwouosi cnosa: npec-gpopma, mepmonnacmu, 1umeo niacmmac nio muckom, Autodesk Inventor,
nioeomoexka eUpooOHUYMEdA.

Ilposeden ananus nOMeHYUATbHLIX BOZMONHCHOCHEN U QYHKYUL CUCTEM A8MOMAMUSUPOBAHHO2O
npoexmuposanusi. Ha ocnoee cozoannoii moodenu demanu é cpede Autodesk Inventor nokazan npoyecc
paspabomku  npecc-gpopm 0N UMb C YHEMOM MEXHOI0UYECKUX O0CODEHHOCmel U NPOBeOeHO
CUMYTIAYUIO NPOYECCO8 3ANUEKU C NOCIeOVIOUUM NPOZHO30M Kayecmeda OMIUBOK, HMO NO360.51em
YRpOCMUmMb U CYUeCmBeHHO YCKOPUMb NPOYEeccsl. NPOEKMUPOSAHUs Npecc-opmel, OCYuecmeieHus
AHAU3a TUMEUHOU NOIOCMU U PA3PAbOMKU YAPAGISIOWUX NPOSPAMM Olst 0bpabomku demaneli Ha
cmankax ¢ 9I1V.

Knrwoueswie cnosa: npecc-ghpopma, mepmonnacmel, qumee niacmmacc noo oasnenuem, Autodesk
Inventor, nodzomoexa npousgodcmaa.

The analysis of potential possibilities and functions of computer-aided design systems is carried
out. Based on the created part model, the Autodesk Inventor environment demonstrates the process of
developing molds for molding taking into account technological features, and the simulation of the
casting processes was carried out, followed by a forecast of the quality of the castings, which makes it
possible to simplify and substantially accelerate the processes: mold design, analysis of the casting
cavity and development of control programs for machining of parts on CNC machines.

Keywords: mold, thermoplastics, plastic injection molding, Autodesk Inventor, preparation of
production.

IHocranoBka npodaemu

Ha nammit MOMEHT y CBITI IyKe BelHKa KUIBKICTh JeTaieid i BHpOOiB
BUTOTOBISIETBCSL  JIMTTSIM  IUTaCTMAac, JUil  NPOBEICHHS  SIKOTO  IOTpiOHO
CKOHCTPYIOBAaTH OCHAcCTKy — npec-opmy. [ mpoekTyBaHHS mpec-popM 4u iXHIX
neraneit BukopuctoByroTh CAD-cuctemu (Computer Aided Design), 3 momanbmmm
BukopuctanusiM CAM-cucrem (Computer Aided Manufacturing), siki ciyxaTb JuIs
TEXHOJIOTIYHOI MIATOTOBKM BHPOOHMIITBA. PO3paxyHOK OCHOBHHX JeTaled Ta
By3JiB nposoauthcst B CAE-cucremax (Computer Aided Engineering) [1-4]. ITpote
JAJIeK0 HE BCI BOHM € KOMIUIGKCHMM IHCTPYMEHTOM 1 TO€AHYIOTH B €00l
MOJKJIMBOCTI CTBOPIOBaTH [eTajb, MPOEKTyBaTH (GopMy s Hei, mepeBipsaTH ii
MIITHICHI XapaKTepUCTUKH Ta CHMYJIOBATH 3aJIMBaHHA 1 IPOTHO3YBaTH SKICTh
KIHIIEBOTO BHJIMBKA. 3a3BH4Yail SIKOTOCh 3 BHIIE BKAa3aHUX IMYHKTIB B MOLIMPEHUX
nporpamMax HEMae, TOMY 3aBXIU JIOBOJUTHCS BHKOPHUCTOBYBAaTH JICKUIbKA
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NPOTrpaMHUX NPOJYKTIB, II0 BHMarae JOJATKOBHX 3arpaT Ha IporpamHe
3a0e3neueHHs. Takox MpH eKCHopTi-IMIIOPTI MoJieIed NOTPiIOHO BUKOPHCTOBYBATH
(haiinu 0JHAKOBOTO PO3LIMPEHHS, 110 HE 3aBXIU MOJIMBO, KpiM TOro ¢ainu 3
HepeXiTHUM PO3IIUPEHHSIM MOXKYTh IPU3BOJUTH 10 HETOYHOCTEH y MOJIEIT.

PizHoro Buay cucrem aBToMaruzoBaHoro npoektyBaHHs (CAIIP) e mosoi
Oararo, MpoTe AaNeKo He BCi BOHU € Y BUILBHOMY JOCTYIII JJIsl 03HAHOMIICHHS, a iXHi
iHTepdeiicn € BeIbMH CKIAJHUMH, TOMY JUIS iX BHKOPHUCTAHHS IIOTPIOHO SIK
MIiHIMYM O3HaWOMHTHCS 31 BCiMa IHCTPYKISIMH BHPOOHHKA IIPOTPaMHOTO
npoaykry. HasBHa TexHi4Ha jiTepaTypa Ta IHCTPYKIIi, 0 B JaHWH Yac iCHYIOTh
TaKOX HE 3aBXIU JOCTYIHI 3arajy i B OUTBIIOCTI BUIAKIB HAMMCaHI aHTIIHCEKOIO
MOBOIO, 1 HACHYEHA BY3bKOCIEI1aTi30BaHOI0 TEPMiHOJIOTI€I0, IKY BaXKKO KOPEKTHO
MEePEKIacTH, a TOMY BHMarae Oarato vacy jisi BUBUeHHs. OnHIi€0 3 HAHOIIBII
JOCTYMHUX 1 TPHUCTOCOBAaHMX [yl MPOCKTYyBaHHS Tpec-popM Ui JIMTBA
IUIACTUKOBHUX JieTalieii € mporpamuunii kommieke Autodesk Inventor.

AHaJti3 ocTaHHIX J0CTiXKeHb Ta myOJikamii

CyyacHe BHPOOHHMLTBO XapaKTepH3YEThCS 0araTor0 HOMEHKJIATYPOIO
JICTaJICH, SIKi BUTOTOBJISIFOTBCS, 3 BEJIIMKOIO 3MIHOKO BHPOOIB, IO BHITYCKAIOTHCS.
[Ipu meomy CAIIP cTtamm HEBiI'€MHOI YacTHHOIO BHPOOHHMYOTO TMIPOIECY Ta
aKTyaJIbHUM HAIpsIMOM BIOCKOHAJICHHS TEXHOJOTIYHOI MiATOTOBKH BHPOOHHIITBA,
1o 3a0e3mneyuye BUCOKY AKICTh Ta e(peKTUBHICTH MpOoeKTyBaHHS |3, 4]. Po3poOka Ta
BIOCKOHAJICHHSI CHCTEMH aBTOMAaTH30BAHOTO IPOCKTYBAHHS TEXHOJIOTIYHOI
OCHACTKH JT03BOJISIE CKOPOTHTH TEPMIHH TEXHOJIOTIYHOT IMiITOTOBKH BUPOOHHIITBA 1
3MEHIIUTH CO0IBAPTICTh BUPOOIB, IO BUITYCKAOTHCS [5-8].

OcHOBOIO ~ aBTOMAaru3aulii  MPOEKTYBaHHS  TEXHOJIOTIYHOI  OCHACTKU
(mpucTocyBaHb, WITAaMIIB, Mpec-popM TOLIO) € MaKCHMallbHa CTaHJapTH3alis i
yHi(iKalis iX eJeMeHTIB Ta cucTeMaTHu3allis IPOeKTHUX piuteHs [9, 10].

Metoro poOOTH € JeMOHCTpallis TexHoJoriduHux MoxiauBocteir CAIIP
Autodesk Inventor s CTBOpeHHsS MoOjenel IUIACTHKOBHX —JeTalieldl  Ta
NpOeKTyBaHHs mpec-GopM, Juist iX JUTTS, HA 0a3i LUX MoJeed i3 MoJabIINM
BUTIPOOOBYBaHHSIM €JIEMEHTIB Ipec-pOpMH, TEpEeBIpKH Ta aHaji3y KiHIEBOTO
BIJIMBKA Ha MPEIMET SIKOCTI Ta BiAMOBIIHOCTI YCIM BUMOTaM.

OOrpyHTyBaHHs aBTOMaTH3aulil NpPoeKTyBaHHs mpec-popm 1is
BUI'OTOBJICHHS JINTTSIM JIeTaJeii i3 Tepmomnacris y Autodesk Inventor

Meroto aBToMaru3alii NPOEKTHUX pOOIT € HacamIepel CKOPOYEHHS
TPUBAJIOCTI MTPOCSKTYBAaHHs Ta 3MEHIICHHs] BUTpAT Ha MpoekTyBaHHs. Lle mo3Bossie
3MEHILHUTH Yac Ha MPOEKTYBaHHS Ta BUNPOOYBaHHS PO3POOJICHOrO OCHAIEHHS 1IIe
Ha CTaJlii MiArOTOBKH BUPOOHUIITBA.

B uminoMy mpoliec NPOEKTYBaHHS MOXHA OXapakTepU3yBaTh TaKUMH
Kpokamu (puc. 1).

Pamtionansruit momin ¢yHKIif mixg gac aBTOMAaTH30BAaHOTO TPOEKTYBAaHHS
npec-(hopM MIX JIOJIMHOIO Ta IPOIPaMOI0 — OJTHA 3 HAHBAXIIMBIIIMX IIPOOIIEM, SKY
BUpIIIyIOTh Tpu  BHKopucrtanHi EOM s aBroMartu3amii  IPOEKTHO-
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KOHCTPYKTOPCBKHX pPOOIT. 3ale’)KHO BiJ MPOSKTOBAHOrO 00'€KTa, CTYHEHs
MOXUTHBOI (hopmanizamii mporecy HOro MpPOSKTyBaHHS, HAsSBHOI TEXHIYHOI Ta
nporpaMHoi 6a3u, IPOSKTHY 3aauy MOXHA peai3yBaTH PI3HUMH HUISIXaMH, alie
HAsSBHICTH PO3BHHYTOTO MPOrPaMHOTO 3a0e3le4eHHs 30BCIM HE TapaHTye
CIPOLICHHS TIPOIECY TMPOCKTYBaHHS [0 HATUCKAHHA KUTbKOX KHOTIOK Ta
BIZICYyTHOCTI TOTpeOM y KBami(iKOBAaHOMY 1 KpeaTHMBHOMY MHCIECHHI 3 OOKy
imkenepa. Ilporte cepemosumie st mpoekryBanus Autodesk Inventor mossosste
MaKCHMAaJIbHO CIIPOCTHTH HPOLEC pO3pOOKH OCHACTKH i CKOPOTHTH 3aTpaTH yacy.

Mapamempusoeana) [Cmeoperts wabnory) [Midbip kinskocmi ma CmeopeHHA NUBHUKOBO!
modens demani Mampuyi ma nyaHcoHa o3MileHHs 2Hi30 y hopmi) cucmemu

Mid6ip 6noky| [ CmeoperHa cucmemu] [CmeoperHa dodamkosux enemenmie| [ BcmaHoeneHHA nueHukosoi
npecgopmu suwmosxysayie cucmemu UeHmMpyaaHHA 8MYAKU Ma Kinbya

CmeopeHHA cucmemu KiHYesuu po3paxyHoK 3
0X0N0IMEHHA cuMyAAUIEID NPoYecy 3a1UBKU.

Pucynox 1 — brok-cxema mociiZoBHOCTI IPoLiecy po3poOKH mpec-hopMu

[ToyaTkOBMMH NaHUMH AT IPOEKTYBAHHS Mpec-(hOPMHU CIIyKaTh:

— KpECJIEHHA JeTami 3 TEXHIYHUMH BHMOTaMH Ta BIJOMOCTSMH Tpo ii
NpU3HAYCHHS;

— Marepiall 3 SKOTO0 BHUTOTOBIISIIOTH JETallb Ta WOTO BJIACTHBOCTI (AJIEKO He
OCTaHHIO POJIb BiII'PAIOTh PEOJIOTIYHI BIACTUBOCTI INIACTMACH);

— TeXHIYHI XapaKTepUCTUKU OOJaJHaHHS (TEpMOILIACTABTOMATA), HA SIKOMY
MPOBOJUTUMYTh MPOILIEC JIUTBA,;

— IHOI TEeXHIYHI Ta TEXHOJOTI4YHI (aKTOpH, SIKi CIiJI BpaxOBYBAaTH IIiJ| 4ac
BUKOHAHHS IIPOEKTHUX POOIT.

VY mporeci mpoeKTyBaHHS BHOUPAIOTH PalioHaIbHI KOHCTPYKILiT, IPOBOJATH
MePEBIPKU Ha MIIHICTh Ta PO3POOIIOTh po0O0Ui KPECICHUKH BCiX JeTajel mpec-
(hopMu, TIPOTHO3YIOTH MOTEHIIHHY SAKICTh JETai.

Cucrtema Autodesk Inventor 103BoJIsi€ BUKOHYBATH TaKi OIIEparii:

— CTBOPEHHSI ITapaMeTPU30BaHOI MO IeTai;

— BHOIp MaTepially JieTai 3 BlIacHOI 0a3H JaHUX;

— aHaJIi3 YXWIiB MJIONIMH JIETaTi;

— aBTOMATHYHMHN Mi0ip Ta CTBOPEHHS JIMBHUKIB Ta JMBHUKOBUX KaHAIIB;

— 004HnCIIeHHs yCaIKi IOBEPXOHB JeTalli 3aJIe’KHO BiJ BUOpAHOTO MaTepiaiy;

— TIPOEKTYBaHHSA OJIOKIB Ipec-(OpM: CHCTEM «KOJOHKA-BTYJIKa», Ma3u B
TUTMTax Ta TPAHCIIOPTHI JeTalli 32 JaHUMH 010J1I0OTeKH;

— MIPOEKTYBAHHS [TyaHCOHIB;

— pO3paxyHOK KOHCTPYKTHBHUX PO3MIpiB MaTpHIli;

— mabip Ta pO3MINIEHHS KPINWIBHUX €JEMEHTIB Ha CKJIaJaJbHOMY
KPECIICHHKY;

— NPOEKTYBaHHS cUCTeM: (iKcallil, BUIITOBXYBAHHS Ta OXOJIOJDKCHHS Ipec-

dopmu;
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— NIPOCKTYBaHHS JOJATKOBUX JETalicii TWUMy TUUT (IiAKIAJ0K: BEPXHS Ta
HIDKHS, TyaHCOHOTPUMaY );

— IIPOCKTYBaHHS XBOCTOBHUKIB;

— (GopMyBaHHS KpeciieHb (eTanei 0JIoKa, makeTa Ta JOJaTKOBUX JeTajei);

— pO3paxyHoOK macy; '

— MPOTHO3YBaHHS AKOCTI JIeTai;

— (hopmyBaHHs cenudikaii Ta psx iHIIUX QYHKITIHA.

Y cykymHocTi Bei mi  QYHKINI HamalOTh KOHCTPYKTOPY HEoOMexeHi
MOXKJITUBOCTI B TUIAHI CTBOPEHHs HeTalieli Ta ocHacTkd. [Ipum mpomy Bimmamae
HEOOXiTHICTh y TPOMI3KHX Ta HAJIHUIIKOBHX PO3paxyHKaX, IO 3aiiMaroTh 0arato
gacy. HaBith npiOHa moMmika B MOAIOHWX poO3paxyHKax MOXKE IPHU3BECTH IO
BUKDUBJICHHS KIHIIEBOTO pe3yJbTaTy, a L€ TArHE 3a CO0OI0 BTpaTH 4Yacy Ta
pecypci, Tomy CAIIP Ha maHwii 9ac JO3BOJISIIOTH YHUKHYTH MOJIOHHUX MOMHUJIOK,
aJDKe BeJIMKa 4acTWHa OOYMCIIeHb NMepeHOCHThCs Ha MammHy. KpiMm Toro, Benmka
0aza IH)KEHEPHHMX [JaHUX JO3BOJISiE MiAiOpaTH ONTUMAaJbHI pILICHHS Ul
KOHKPETHHX 3a]iay, 10 JJ03BOJISIE EKOHOMHTH Yac.

Homenknarypa meraneif 3 miaactmac, sKy MOTPiOHO BHIOTOBHTH JIUTBOM Y
npec-GopMH i TUCKOM Ha MajuX MiANPUEMCTBAX MOXKe OyTH Pi3HOMAaHITHOIO,
10 BUMarae MiHIMaJbHOT TPHBAJIOCTI MiATOTOBKH BUPOOHHUIITBA JIsI BUTOTOBJICHHS
BHPOOY 3 BIJICYTHICTIO MOMHJIOK 1 CKOPOYCHHSM TPHUBAJIOCTI MPOCKTYBaHHS, IO
MOXke OyTH mocsrHyTO IpHu BukopuctanHi CATIP, anme dhakTopoM, SKuid CTpUMYE iX
BIIPOBQ/DKCHHS HAa TIANPUEMCTBAX, € BHCOKAa BapTICTh TAaKUX MPOTPAMHUX
npoaykTiB. OTxe, HaOip MoxkmBocTeit CAIIP miist 3acTocyBaHHs Ha IiANPUEMCTBI
Mae BIJNOBIATH HAasiBHOMY THIy BHUPOOHMIITBA, CKJIAJHOCTI Ta HOMEHKIATYPI
BUPOOIB Ta OOJajHAHHS 1 HEOOXIAHOCTI MPOBEACHHS PO3PAXYHKIB y mporeci
MPOEKTYBaHHs JIJIsl 3MEHIIEHHsI BUTpar Ha BupoamkeHHs CAIIP ta orpumanHs
pe3yJbTaTiB BiJ 1 BUKOPUCTAHHS 32 BIIHOCHO KOPOTKHI TEPMiH.

[Ipouiec mpoexTyBaHHsA Tpec-GOpMU PO3WICHOBAHWM Ha Tpu eTanu. Ha
MepIIOMY 3/IMCHIOETbCS CTBOPEHHs a0o0 IMMOpTyBaHHs HapaMeTpu3oBanoi 3D-
MoJeni aetani (puc. 2), Ky BIIMBATUMYTh y Tipec-popmi Ta ii BceOiuHy nepeBipKy
Ha TEXHOJIOTIYHICTH 1 BIAMOBIAHICTH yCIM TEXHIYHHM BUMoOTaM (puc. 3). Skmo y
MOJIeNIi HeMae IOMHJIOK, TO BIIOYBa€Tbcs IMepexii 1O Jpyroro eramy —
NPOEKTyBaHHs camoi mpec-popMu Ha 0a3i yxe roroBoi Mojeni aerani, a NpH
HAsBHOCTI IOMHJIOK BHOCSTH BI/ITIOBI/IHI KOPEKTHBH y ITOYATKOBI JAaHi.

Bararo pyruHHHX 004mCcIeHb Ta MiAOOPIB Ha APYroMy eTami MOKHa BifgaTu
camiif cucremi Inventor (po3paxyHKH ycCaIoOK, paIliOHAIbHUX TEMIIEPAaTypHHUX
napaMmeTpiB mpoiecy JUTTs Touo). [IpoTe 11e He 03Hauae, o Ui KOHCTPYKTOpa
BCE 3BOJIMTHCS JI0 HATHUCKAHHS KUIBKOX KHOIOK, /UK€ BiH IOBHHEH IPOBECTH
migbip B3a€EMHOTO pO3MIIIEHHS THi3A B mpec-Gpopmi, THIY Ta BUAY JIMBHHUKOBOI
CHCTEMH Ta CHUCTEMH OXOJIOJUKEHHS TOIO. Pe3ynbTaTtoM Ipyroro eramy € psi
rpadikiB cUMyJIALil 3aJMBKH AeTaield y mpec-QpopMi, MPOTHO3 SKOCTI KiHLEBOTO
BIIMBKa (puc. 4) Ta Mozenb Oioky npec-opmu y 36ipii (puc. 5), IKy NpakTUIHO
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JITKO MO>KHA TIEPETBOPUTH B KIHIIEBI TEXHOJOTIYHI KPECICHUKH, a MOJEINI
OKpEeMUX JIeTaJIcii BUKOPUCTATH SK BHUXIJHI IPU PO3POOJICHHI KEPYIOUUX MpOrpaM
Jutst IX 00poOku Ha BepcraTax 3 UITK.

Pucynok 3 — IIpuknaj BUKOHaHHsI rpadivyHOro aHami3y yXWIIiB: 3elIeHUH Ta
OpaHXeBUil KOJIip — pallioHaIbHI KyTH HAXUITy; YEPBOHHUH — CTPOTO
NepHeHANKYJIISIPHI TOBEPXHI

Pucynox 4— I'padpix mporHo3yBaHHs SIKOCTI BHJIMBKA: 3€JICHUH — BHCOKA;
YKOBTHH — CepeHs; YePBOHUI — HU3bKa
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Pucynoxk 5 — 3aransHuii BUIJISA TOTOBOTO OJIOKY Tpec-(popMu

[lix wac Tperporo eramy HpPOBOAATH BHUIPOOYBAaHHsS paHillle CTBOPEHUX
JeTajei npec-hopMH Ha MIIHICTh Ta CTiHKiCTh. JIOCTaTHRO 3aBaHTAXHUTHU JCTAJb
abo meBHY 30ipKy B CEpeIOBWINE [UIS BHUIIPOOYBaHHS, CTBOPUTH HOBUU
EKCIIEPUMEHT 1 3aJaTh BCl HEOOXiJHI YMOBH 3aKpIIUICHHS, B3aEMHOTO PO3MIIIICHHS
Ta HaBaHTaXEHHs, AKi JiI0Th Ha Mojenb. CucTeMa NpoBeie OOYHMCIEHHs BCiX
NOTPIOHUX MapaMmeTpiB 1 BUIACTh pe3ynbTaTtd y (opmi rpadikie ta tabauus. Ha
puc. 6 Toka3aHoO HarpykeHHs 32 Mizecom y Marpuii npec-hopmu.

1 Hap o Moy

Pucynox 6 — Hanpyskennsi 3a MizecoM y Matpuiii

BucHoBku

IIpoekryBaHHs mpec-QpOpMHE IS IUTTS JeTaleH 31 CKIQJHUMH TOBEPXHIMH
€ CKJIaJTHUM 1 TOBTOTPUBAJIUM MPOIIECOM, BiJl SKOCTI SIKOTO 3aJIC)KHUTh MTOJANbIIC i
BUTOTOBJICHHS. 3aCTOCYBaHHsS Cy4YacCHHX NPOTPAMHUX TPOIYKTIB ITO3BOJISE
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CIIPOCTUTHU Ta CYTTEBO MNPUIIBUAIIUTHA TPOLUECHU: MPOCKTYBAHHS HpeC-(l)OpMI/I,
3MifICHEeHHSl aHaNi3y JIMBApHOI MOPOXXHUHHM Ta PO3pOOJIEHHS KEPYIOUUX Iporpam
JUTs 00poOIeHHs AeTaneil Ha BepcraTtax 3 UIIK.
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