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MOJAEJIOBAHHSA YCAJIKHU TIOJIIMEPHOI'O BUPOBY
B MPOUECI JIMTTA IIII TUCKOM

TIposedeno uucnose MoOeOBAHHA NPOYECY UMM Ni0 MUckom. Poszensiymo numms monkocminnoz2o eupoby muny
CKpuwkay i3 noaiemuneny Huzvkoi eycmunu. Ilokazano pesyibmamu MOOeMO8AHHS, WO O00380IUIU GUAGUMU
3anedcHicmeb deghopmayii, cepeOHbol ycadku, yacy nepeOysanus y popmi ma uacy 3an08HeHHsl 810 memnepamypu
@opmu. Buseneno, wo 3i 36invuiennsm memnepamypu opmu sMeHuLyemsbcsi depopmayis supoby, HeoOXiOHUN MUCK
JIUMMsL Ma 4ac 3aN0GHEHHs hopMU, npome 30IbULYEMbCS CePeOHs YCaoKa ma 4ac nepebysants y Gopmi.
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IMocTranoBka npodaemMu. JIUTTSA Wi THCKOM € OIHHAM 3 OCHOBHHX CIIOCOOIB MEepepoOKH IUIACTMAC, SIKUH Jae
3MOT'Y BUTOTOBJIATH A€TaJi MpocTol i cknaaHol Gpopmu. [IJisi BUTOTOBIICHHS JIeTalledl BUKOPUCTOBYIOTH TEPMOIUIACTH
0c3 HamOBHIOBAaYiB (TIOJICTHPOJN, TIONICTHIICH, KampoH, JaBcaH, MOJiypeTaH Tomo) abo i3 IUCIIEPCHUMHU
HallOBHIOBaYaMH. MeTo]1 BUCOKONPOIYKTHBHHIN, eKOHOMIUHHIA 1 JO3BOJISIE TOBHICTIO aBTOMATH3YBaTH BUTOTOBJICHHS
BUPOOGIB 13 momimepis [1].

Bepyuu no yBarm 0e3niu mapameTpiB, IO BIUIMBAIOTh HA BUTOTOBJICHHS JAETaJiel, OlepaToOpH, CTUKAIOYKCH 3
JedexramMu Ha BIJUIMTHX BUPOOAX, 4aCTO BaraloThCsi 3 BUOOPOM IPAaBUIILHOTO 3ac00y [uist X ycyHeHHst. [lii, 3po0mneHi
HAaBMaHH{, 1 MOOJMHOKI 3aXOJH PiOKO MPU3BOAATH N0 ycmixy. OCHOBHUMHM NEPEIyMOBaMH Ul CHCTEMATHYHOTO
BU3HAUCHHS, aHAII3y NPUYUH 1 YCyHeHHs Je(eKTiB IeTalield € onTUMalbHa KOHCTPYKLIS mpec-(popMH, MpaBHIbHE
HaJIAIITYBaHHSA MAIllMHH 1 BCTAHOBJICHHS palliOHaJBHIX TEXHOJOTIYHMX MapaMeTpiB JIUTTSL.

Hedopmartriss xapakTepu3yeThCsl BIIMIHHICTIO JeTaii Bij OakaHoi GopMu — 3THHAaHHSA ab0 CKpydyBaHHS, SIKE
BiOyBaeThCS TicHs BWIIydeHHsS 3 Gopmu, abo depe3 sSKuiich 4yac. SIK mpaBmIilo, IUIOCKI BUpoOU AeopMyroThes
XBHJISIMH, TIPSIMI KDOMKH 3arMHAIOTHCSI BCEpeIMHy abo Ha30BHI, a00 ckpyuyroTkes. [Ipuunnn nedopmarnii MOXyTh
OyTH 3yMOBJICHI TapaMeTpaMu Ui KOHCTPYKII€0: TUCK JIUTTS 3aHAJITO BUCOKHI; TeMIIepaTypa npec-popmu 3aHaaTo
HHM3bKa; IIBUJKICTh PO3IUIABY 3aHA/TO HM3bKa; TEMIIEpaTypa Macd 3aHa[ATO HU3bKa; HEpIBHOMIpHA TeMmIeparypa
npec-(hopMH; pi3Ha TOBIIMHA CTIHOK.

Cnoci6 ycyHeHHst jedopMalii: 3HU3UTH TUCK BUTPHMKH; MiJABUIIUTH TEMIlEparypy mpec-(GopMH; MiJABUIIUTH
MIBHIKICTh BIOPCKYBAHHS, IMIJBUIMUTA TEMIEPATypy IMHJIIHAPA, OXOJIODKYBaTH Ipec-hopMy pIBHOMIPHO i
BUTPHMYBATH TEMIIEPATYPHHUI PEKUM; 3MIHUTH TeOMETPUUHY (hOpMy BUpOOY 3 ypaxyBaHHIM MPUPOIH TodiMepy [2].

AHaJji3 monepenHix qocainkenb. B poboti [3] Bu3HaYeHO, 1110 TIEBHY KOH(ITYpAaIlio 1 po3Mipu BUPiO npuiimae
B (hopMi, KOJIH MOJTiMEP 3HAXOIUTHCS B PO3ILIABI 31 3HIDKEHOIO I'YCTHHOIO, & MOIAJTBIIIE OXOJIOIKCHHS BUKITHKAE 3MIHY
00’eMy moJiMepy 1 BiJIOBIZHO 3MEHILIEHHS JIHIHHUX PO3MipiB BUpoOy, TOOTO mosiBy ycaiku. Ycamka Y (%)
XapakTepu3ye 3MEHILEHHs JIIHIMHUX po3MipiB BUPOOIB M0 BiJJHOLIEHHIO J10 PO3MipiB (opMyI0uoro iHCTpyMeHTA!
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ne | b po3mip dopmyrodoi nopoxuuHu npu 20°C; |6 - po3mip BupoOy npu 20 ° C.

BHacninok Toro, mo OutbiiicTh BUPOOIB (OPMYeEThCs 32 paxyHOK 3CyBHOI Tedwil 1 BiZiOyBaeThCsi OpieHTalis
MaKpPOMOJIEKYJ, 3'SBIAETHCS aHI30TPOMisA yCalakKd, TOOTO po3Mipu BHPOOIB B PIi3HHX HANpsIMKaX 3MIHIOIOTHCS
HEOJJHAKOBO. AHI30TPOIisl YCaIKH dy BU3HAYAETHCS 32 HOpMYIIOH0
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ne Y |~ ycaJxa B HalPAMKY, NEPICHAUKYIAPHOMY Tedii; YD - ycaJka B3JOBX HANPSAMKY Tedii.

MeTo10 OCITiKEeHb € TIPOBEASHHS YHCIOBUX JOCITiPKEHb MPOIIECY JIUTTS il TACKOM IMiJI €0 TaKUX BXiTHUX
(axTopiB, SK Temmeparypa po3miiaBy Ta (opmu, yac mnepeOyBaHHS y (GopMi Uil TOro, IMOOM MiHIMi3yBaTH
nedopmarito Ta ycaaky aerai.

Bukiag ocHOBHOro Matepianxy. MateMaTiHYHa MOJIETb OMUCYE METO. OJMHUYHOTO aHaNi3y Bapiawii 3riguo [4].

OnuHMYHWI aHami3 Bapiallii - IIe METOA, IO HAJAETHCS B aHAIITHYHOMY HponykTi Autodesk Simulation
Moldflow Warp, 11100 i30i1t0BaTi JOMiHYI09Y IPUYUHY BUKPUBIICHHS 1 J03BOJIMUTH 31IHCHUTH LIIJIECTIPSIMOBAH1 3aX011
Juisl 3MeHIIeHHs aedopmanii nerani. Po3risiHeMo, sSIK MeTO] 3aJMIIKOBOI HAaNpPYyTrd 3aCTOCOBYETHCS B KOHTEKCTI
€JMHOTO aHali3Yy.

Amnani3 Fill + Pack ¢a3 nanmoBHeHHS 1 aKyBaHHS BHBOJAWTH HACTYIHY iH(opMaliifo, ska CIyXHUTb B SIKOCTI
BXIJJHUX JaHUX JUIs PO3PaxyHKIB 3TUIIIKOBOTO HAIIPYKEHHSI:



- VY3aranpHeHi aHi PO CHUIH;

- MewmOpanHi cuin (NX, N,, ny) 1 3THHAJIEHI MOMEHTH (M oMM ) , Ha KO)KHOMY €JIEMEHTI B JIOKaJIbHIH

CHCTEMI eJIeMEHTapHUX OCEH,

- Kyru opienranii marepiairy ajst KO)KHOTO €1€MEHTa,

- MexaHi4HI BIacTHUBOCTI IS KOKHOTO eJleMeHTa (1o310BxHild Monyias FOHra, nonepeunnii Mmoxynp FOHra i

koedimienT [lyaccona).

OnMHUYHAHN aHAali3 Bapialliil 3aCHOBaHMA Ha KOHIIETIIii, 3TiHO 3 SIKOX0 MPUIUHU KOPOOICHHS IUIATHCS HAa TPU
KaTeropii:

- JudepenniaapHe 0XOIO0MKEHHS,

- Judepennianpaa ycaaka,

- OpiexTaniiai egexru.

Il# xoHUemuis CTOCYeTbCS YCaaKH, a He HampyXeHb. ToMmy 1100 i30JI0BaTH NPUYMHY BHIIE3a3HAUYEHOT
nedopmanii mpu BUKOPHUCTaHHI MOJEINi 3aJMIIKOBOTO HAINPY)KEHHs, HaM MOTPIOHO po3paxyBaTH y3arajbHEHe
HaIpy>KeHHs 3 JaHUX y3araJbHEHHUX CHJI, HOTIM PO3KJIAcTH JedopMarii Ha KOMIOHEHTH BHACTIJOK AU(EPEeHLIITHOTO
OXOJIOJUKEHHS, Pi3HOT YCaJKH 1 HapEeIITi, IEpeTBOPUTH 3MIHEH] HaNpy>KCHHS Ha3aJ y BIAMOBIIHI y3araibHEeHi CHIIH.
[oTiM mpoBOAMTBHCS OKpEMHH aHalli3 HANpyXeHb Ul OTPUMAHHS PE3yJbTATiB AehopMallii Uil KOXKHOTO e(peKry.
Hwxue HaBOIATHCS BiNMOBITHI PIBHAHHS U PO3PAXYHKIB.

3akoH ['yka m1s monepedHo-130TPOITHOr0 MaTepiary MOKe OyTH BUPaKCHUH SIK:
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BpaxoByloun KyT opieHTalii Marepiany, MU NEPETBOPUMO MATPHUIO BiIIOBIIHOCTI 1 MATPHIIIO KOPCTKOCTI 3
OpIEHTOBAHOT CUCTEMH B JIOKAJIbHY CUCTEMY.
VY3aranbHeHi aedopmarii:
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ae {8 } i { K} - BIIMTOBITHO BeKTOpH AedopMaltii 1 KpUBU3HH.
HactynHi piBHSAHHS IIepeTBOPIOIOTH BEKTOPH Aedopmartii i KpUBU3HM Ha3a] J0 MEMOpPAHHHUX CHUI 1 3THHAIOYHX
MOMEHTIB:
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1106 i3omoBaTH eeKTH yCaaKH, MU 3aMIHIOEMO 1 PO3KIIa1aEMO KOMITIOHEHTH, ITOTIM IepepaxoByeEMO MEMOpaHHI1
CHJIM 1 3TMHAJTbHI MOMEHTH 1 BUKOPHCTOBYEMO HOBI 3HAYCHHS B CTPYKTYpHOMY aHai3i [4].

I'paHnuHi Ta MOYaTKOBI yMOBH:

- ®opma i po3mipu HOPMYIOYOT TTOPOIKHUHH;

- Tennodizuyi, peosoriyHi Ta MEXaHIYHI BIACTHBOCTI NepepoOIIOBaHOTO MaTepiaily, sSKi BU3HAYAIOTh 3aJI€)KHO

Bijl HOTO CKJIaJy Ta TEMIEpaTypH;

- Temmeparypa po3miaBy Ha BXoJli B popMy Ta TeMIepaTypa CTIHOK (OPMIL.

Jmns monmenroBanHs mporiecy JutTTs B cucteMi Autodesk Simulation Moldflow Oyrio B3sito reomerpiro merani
«Kpumxka» (puc.l). IlepepobmoBannM Mmatepiamom oOpaHo momietmieH Bucokoro tucky LDPE 4012 Bim Dow
Chemical USA. Ha puc. 2 300pakeHa nedopmariis mo giametpy (BigHOCHO oci X) IpH peKOMEHOBaHiil TemMIeparypi
topmu 40°C ta posmnary 220°C.
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Puc. 1 - T'eomerpis aeraui « Kpumkay» Puc. 2 — Iepopmanis nerani BiznocHo oci X, Mm
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Puc. 3 — Yac 3anoBHeHHs popMmu, ¢ Puc. 4 — Tuck micjst 3anoBHenHs popmu, MIla

Pe3ynbpraTi MOJENIOBAaHHS JIO3BOJMIMA TAaKOXK BCTAHOBHTH MIHIMaJIbHO HEOOXIiJHI Yac 3aroBHEHHS (GopMH
(puc. 3), sixuit cknanae 0,21 ¢, Ta Trck jutTs (puc. 4), skuii ctaHoBHUTH 12,66 MITa.

JIis BCTaHOBIICHHS 3QJIC)KHOCTI ITapaMeTpiB MPOIECY JIUTTS Bi TeMIeparypu (GopMu Oyio MPOBEACHO IHKII
PO3paxyHKIB, pe3yIbTaTH SKUX HaBelIeHO Ha puc. 5—8.



Tuck, MIla

nedopmairisi mo oci X, MM

Puc. 5 — I'padik 3anexxnocri nepopmauii mo giamerpy Bin Temnepatypu popmu
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Puc. 6 — I'padik 3aeskHOCTI 4acy 3anoBHEHHs Bil TeMnepatypu popmu
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Puc. 7 — I'padixk 3ae:xHOCTi THCKY BiJ TeMnepatypu ¢popmu
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Puc. 8 — I'padix 3ae:xxHocTi yacy nepedyBanus y ¢popmi Big Temneparypu ¢gopmu

3 rpagivHuX 3aNeKHOCTEH BUIHO, IO 31 30UTBIIEHHSIM TeMIIepaTypu (GOPMH, 3MCHIITYETECS TeopMarlis BUPOOy,
HEOOXIJHUN THCK JIUTTS Ta Yac 3amoOBHEHHSA (GOpMH, MpoTe 30iblIyeThcs 4yac mepedyBanHs y ¢opmi. TooTo
301IbIIEHHS TeMIlepaTypy (OPMHU MO3UTHBHO BIUIMBAE HAa OLIBLIICTH MApaMETPIB MPOLECY JUTTS Ta IKiCTh BUPOOY,
NpPOTE 3HUKYE NPOTYKTHBHICTb.

BucnoBok. [IpoBeneHi 4iCI0BI JOCHIIKEHHS MTPOLIECY JIUTTS JO3BOJIMIM BCTAHOBUTH JOILIJIBHY TEMIIEpaTypy
(dhopMu mpu HE3MIHHIHM Temmeparypi po3miaBy. MoemoBaHHs IPOIECY JUTTS a0 3MOT'Y BUSBUTH B3a€EMO3B’ 30K
MiX ycaakoro, aedopMalli€ro, yacoM 3allOBHEHHsS Ta yacoM mepeOyBaHHsA neTaii y ¢opmi. [IpoBemeHi umciosi
JIOCTIKCHHS TIOKa3a i e()eKTUBHICTh METOANKH OJUHIYHOTO aHaJi3y Bapiamiil.

IlepcniekTHBA MOAANBIINX AOCHIMKeHb. 331a4a NOJAIBIINX JOCTIKEHb ITependadae MpoOBEICHHS HATYPHUX
EKCIICPUMCHTIB JJIs OIIHKH TOYHOCTI ¥ JOCTOBIPHOCTI YMCIOBOTO MOICTIOBAHHS.

Cnucox BUKOPUCTAHOI JliTepaTypu

JlurTst mix TuckoM: https://uk.wikipedia.org/wiki/JIuTTa_miactMmac Iij_THCKOM.

Buxiep M. Jletanu u3 miacTMacc: OTIuBaTh 0e3 nedekToB: Yuebd. nocobue. — Xworur I'Mm6X, 1999. — 464 c.

3. Shrinkage of plastic products https://knowledge.autodesk.com/support/moldflow-insight/learn-
explore/caas/CloudHelp

4. Method for predicting residual stress shrinkage https://knowledge.autodesk.com/support/moldflow-insight/learn-
explore/caas/CloudHelp
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Sokolskyi O. L., Simonchuk Y.P.
MODELING OF POLYMER PRODUCTS SHRINKAGE IN INJECTION MOLDING

Injection molding is one of the main ways of plastics processing, which allows to produce parts of simple and complex
shapes. There are used thermoplastics without fillers or particulate fillers for the producing tools. The main
prerequisites for the systematic identification, analysis of causes and elimination of tools’ defects is the optimal design
of the mold, the correct setting of the machine and the establishment of rational technological parameters of molding.
The deformation is characterized by the distinction of the part from the desired shape. Causes of deformation can be
due to settings or design. Ways to eliminate the deformation is to decrease the dwell pressure; increase the
temperature of the mold and to increase the injection speed; increase the temperature of the cylinder; cooling the
mold uniformly and to withstand the temperature regime; change the geometric shape of the product taking into
account the nature of the polymer.

A specific configuration and dimensions of the product takes form and further cooling causes a change in volume of
the polymer and the reduction of linear dimensions, that is, the appearance of shrinkage. Shrinkage describes the
reduction of linear dimensions relative to the size of the form.

The aim of the research is to conduct numerical studies of the process of injection molding by the action of such
factors as the temperature of the melt and shape, stay in shape in order to minimize deformation and shrinkage details.
The thin-walled casting product of the "cover" type from low density polyethylene has been considered. It is shown,
the simulation results helped to identify the dependence of the deformation, the average shrinkage of time staying in
shape and time of temperature completion of the form. The simulation results also allowed to set the minimum required



time of mold filling and pressure drop. From the simulation results it is seen that with increasing temperature
decreases the deformation of the product, the necessary pressure drop and time of form filling, however, increases
the time of stay in shape.

That is, the increase in temperature has a positive effect on most parameters of the injection molding and the quality
of the product, but reduces performance.

Key words: modeling, injection molding, deformation, shrinkage.
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