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AHHOTALIUA Y cmammi 00cnioxceHo 2i0poouHamiuni npoyecu 3aiueKu ma Kpucmanisayii éunuexy O10K-Kkapmepa yuiinopie, 3
BUKOPUCTAHHAM  THIHCEHEPHO20 MOOENI08AHHA, Ha Npuxiadi asmomobineHoco ousenss 4/THAI. Hasedeno pezyismamu
KOMN'TOMePHO20 MOOeN08AHH Npoyecy 3ano6HeHHs (opmu [ Kpucmanizayii cniagy 011 600CKOHANEHOI MeXHONO2H aumms,
pe3yabmamu Komn'tomepHo2o MoOeno8anHsa MOJACYMs Oymu UKOpUCMAani 0151 600CKOHANICHH NPOYeCy 3aNUBKU, Ma 3MeHUEeHHS
KinbKkocmi deghexmig.

Knruosi cnosa: sunuexa; xKpucmanizayis; @azosuii nepexio, degexmu 2a3oycadko8020 XaAPakmepy, IHHCEHEPHE MOOeN0B8AHH S,
ousennv,; O10K-Kapmep.
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ABSTRACT The goal of this thesis is a scientific basis and the creation of technology design and manufacture of cast parts
continuously 4DTNAI of the generalized solution of engineering problems. The characteristics of the engine, laid down at the design
stage, depend on the quality of the cast castor cylinder. In the article the hydrodynamic processes of pouring and crystallization of
block-carbide castings of cylinders are investigated, using engineering modeling, on the example of automobile diesel 4DTNAI.

The results of computer simulation of the process of filling the form and crystallization of the alloy for advanced molding technology
are presented, computer simulation results can be used to improve the filling process, and to reduce the number of defects.

To achieve this objective processes of manufacture of molded body parts of 4DTNAI using CALS principles were studied generalized
solution of engineering problems, created a mathematical model of engineering simulation molded housing part of engines series
4DTNAI using the method of finite differences, and, with the help of such sofiware packages as the NovaFlow and SolidWorks was
created 3D-model of the input housing with gating system, conducted a computer-integrated manufacturing modeling of foundry
processes cast crankcase, analyzed the nature of the metal filling the form, phase transition and the location of the casting defects.
Keywords: casting; phase transition; defects of gas shrinkage nature; engineering modeling; diesel; block carter, SolidWorks,
NovaFlow.

Beryn OsoK-KapTepy LWTHPIB 3ajexkaThb HeoOXiaH1

XapaKTepUCTUKU  JIBUTYHA, 3aKjaJeHi Ha  crajil

CrBopennii B Il «XapkiBcbke KOHCTPYKTOPChKE  IPOEKTYBaHHS. Y IOCKOHAIEHHS IIOKa3HHWKIB CYyYacHHX

O0ropo 3 ABUTYHOOYIyBaHHS» aBTOMOOUTBHWH IU3eNb  NBUTYHIB  BHyTpimHBOrTO  3ropstHHA  ([AB3), €
41THA1 € yHIKaIbHAM NPOAYKTOM HAYKOBO-TEXHIYHHX  MPiOPUTETHUM 3aBIaHHIM Cy4JacHOTO

MOTY>KHOCTEH XapKiBCHKOTO PETiOHY B Cy4acHiil YKpaiHi.
BinbIIicTh TUTHX AeTaJICH AJIsI IU3ETiB TPAHCIIOPTHOTO Ta
CICIIaIbHOTO TMPU3HAYCHHS BHTOTOBJISETHCS METOOM
JIUTTS, TIPH TIPOEKTYBAHHI SIKOT'0, B OCHOBY IOBHHHI OyTH
3aKjaaeHl TEXHOJIOTYHI aCIEeKTH BUTOTOBIIEHHS, a caMe

BpaxoBaHi pi3Hi JuBapHi nedektu. J[lani nedekru
BUHHUKAIOTh gyepes BIZICYTHICTB METOJIiB Ta
IHCTpyMEHTapito  Jis  3JIMCHEHHS  BIUIMBY  Ha

TEXHOJIOTI4YHI PEeXMMH BHUPOOHMITBA. Bix sikocTi muroro

IBUTYHOOymyBaHHs. L{f0 3amady HEMOXXJIMBO BHPIIIATH
6e3 ontumMizanii koHcTpykuii JIB3, Oyabp-To ABUrYH SIK
TOTOBHUI BUPIO, Horo By3nu abo okpemi aerani. OpHak
cama KOHCTPYKIIisi, IKOI0 O JOCKOHAIIOI BOHA He OyJia, He
CIIPOMOXHA JOCATTH ONTUMAJIbHUX IOKa3HUKiB JIB3,
SKIO B OCHOBY 1ii TIPOCKTyBaHHA HE 3aKjalcHi
TEXHOJIOTIYHI aCMeKTH BHTOTOBIIEHHS [OETallel, 3 SKUX
CKJIAJaloThCsl  BY3IM  JABHTYHAa.  Po3paxyHKOBI 1
€KCIIEPUMEHTANIbHI METOAM BU3HAUCHHS KOHCTPYKTHBHOI
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MIIIHOCTI, HamifHOCTI Ta pecypcy B 0OOB'SI3KOBOMY
MOpSIIKY ~ TOBUHHI ~ OYTH  Y3rO/DKeHI 3 TUMH
3aKOHOMIPHOCTSIMH, SIKi BH3HAYAIOTh [IPU BHUTOTOBJICHHI
neraneit GiznyHi, Gpi3MKO-XIMiYHI, TEIUIOBI 1 T.II. IPOLIECH.
B nepmry depry me BiTHOCHTBCSI 0 NMUTaHb OTPUMAaHHS
JUTUX JeTalied ABUryHIB. HasBHICTH KOMIIpOMiCy MiX
MIPOCKTYBaHHIM KOHCTPYKIii jgeranmei 1 peanizariero
TEXHOJIOTIYHOTO  Tpolecy  1X  BUTOTOBJEHHSI €
BH3HAYAJIbHUM (DaKTOpPOM OTPHUMAaHHS SIKICHUX JeTalei,
1o 3a0e31eIyI0Th JOCSTHEHHS 3aaHHX
eKCIUTyaTallifHuX XapakTepucTHk 1 HamiiHocti JB3. Sk
MIOKa3y€e MPAKTHKA IPOBIJHUX CBITOBUX BHPOOHUKIB JIB3,
TEXHOJIOTIYHI aCHeKTH TOBHHHI OyTH 0O0OB'SI3KOBO
BpaxoBaHi TpH po3podbmi Ta 3actocyBaHHI CAIIP mus
JIBUTYHIB.

Mera

Meroro pgaHoi pobOTH €  JOCHIKeHHS —Ta
BJJOCKOHAJICHHS TiJPOJMHAMIYHHX IPOIIECIB 3aJIUBKH Ta
KpHcTalizalii  BHJIMBKM  OJIOK-KapTepa  IMIIHIPIB
aBTomoOitpHOTO mu3enss 4/ITHA1 3 BHKOpHCTaHHAM
IH)KEHEPHOTO MOJIETIOBAHHS.

OcHOBHUIT MaTepiaa

JocmimkyBaHa AeTtanb IS KOMITIOTEPHO-
IHTETPOBAHOTO MOJICIIIOBAHHS - JIMTHH OJIOK-KapTep
nuzens 4ITHA1 (Puc. 1).

B IKC SolidWorks Oyma crtBopena 3D-mozens
BIWJIMBKa OJIOK-KapTepa 3 TEXHOJIOTIYHOI JIMBHUKOBO-
KUBIWIBHOIO cucTeMoro. CTBOpeHa HaMH JIMBHUKOBO-
KUBHJIbHA cucrema SIBIISIE coboro cucTeMy
«3BY)KYIOUOT0» THITY, sIKa TIOBUHHA 3a0€3MEYUTH 3aB/ISIKN
CBOil KOHCTPYKIIiI IpaBWJIbHE i TOCTYIIOBE 3allOBHEHHS
¢bopmMu MeTanoM mI00 YHHKHYTH TOMAJaHHS MUIAKOBUX
BKJIFOYEHb B ii IOPOKHUHY.

Pozpobnena 3D-monens BuimBKa OJIOK-KapTepa 3
TEXHOJIOTIYHOT JINTHUKOBO-KUBUJIBHOT CHCTEMOIO
JIO3BOJIMJIA  CTBOPHUTH  KIHIIEBO-OOBEMHYIO  MOJIEJNb
BWJIMBKA 1 TEXHOJOTIYHOI OCHACTKM, a TAaKOX BHKOHATH
IHKeHepHe MojenmoBanHs mporeciB  yurtss B IKC
NovaFlow. [lns nutoro Gyok-kapTepa aBTOMOOIIBHOTO
mm3enss  4ATHA1  BukoHanwii  aHamiz  (i3WIHHX
OCOONMBOCTEH MPOIIECIB 3alMOBHEHHS 1 OXOJIOKCHHS
BWIMBKAa Yy (OpMi, BH3HAYEHI MICIsl pO3TallyBaHHS 1
po3Mmipu razoycankoBux aedekriB 3a kpurepieMm Niyama.

MopaenoBaHHS Ta YMOBH

3  BukopucTaHHSIM  Moayns  3D-immopry,
BOynoBanoro B IKC NovaFlow, Mmonens 6i1ok-kapTepa 3
JIMBAPHO-KMBUJIBHOI CHCTEMOIO, & TaKoXX MOZAEIIIO i
KOKIJIEM MOXXHa KOHBEPTYBaTH B 3BUYAHO-00'€MHY
Mojienb. OnTUMaNbHI apaMeTpy OCEPEKiB, BUXOISUN
3 BUMOT 4ac pO3paxyHKY-aJeKBaTHICTh pPe3yJIbTaTiB:

— po3Mip ocepenky - 3,7 MM;

— KUIBKiCTh ocepeakiB - 7 672 320 .

Puc. 1 — Jlumuii 6nok-xapmep ouzena 4{THAI

[Ipu3HaueHHs T'PaHUYHUX YMOB JJIs Martepiaiy
€JIeMEHTIB BWJIMBKM 1 TEXHOJOTIYHOI OCHACTKH
MPOBOAMBCS NIIIXOM pPO3OUTTS 30IpKHM Ha OKpemi
YaCTHUHH, KOXKHIH 3 SIKUX HATAETHCS CBii KOJIp:

— MaTepian BWIMBKH Ojok-kaprepa — AKSM

JACTY 2839-94;

— Mmarepian TexHoJoriyHoi ocHacTku — Cranb 45,
CY20.

—Ha (OpMOTBOPUYMX HYACTHHAX KOKLJIKO HaHEeceHa

KOKiTbHAa (papba TOBIIMHOIO 0,2 MM, sKa Mae€
tertonposigHicTs A = 0,3 Br/mMK.
Jns  3amoOiraHHs  MOMAJaHHS  BOJIOTM  Ha

(OpMOYTBOPIOBANIbHY TOBEPXHIO 1 BHCOKOIO pIi3HHII
TEMIIEpaTyp TpH 3ajMBIi pPO3IUIABOM, TEXHOJOTIYHE
OCHAIICHHS TIOTIepeTHBO TIPOTPiBAETHCS 10
t=250+280 °C.

TemnepaTypa po3miaBy nepen 3aJiBKOI0 B HopMy
cranosmma — 710 ° C.

AmnHani3 [IMHAMIKA  OXOJIOMKEHHS  BHJIMBKH,
¢da3oBOro  mepexoay,  MOB'SI3aHOCTI  30H, IO
KPHUCTAI3yIOThCS OCTaHHIMHM, JJO3BOJIMIIM BU3HAYUTH
MICIII MOJJIHMBOI TMOsiBH JIe(EKTIB ra30ycaaKkoBOro
Xapakrepy.

OcraTouHNi BHCHOBOK OYAYETHCS BUXOJSIYU 3
aHaJi3y  pe3yJbTaTiB  pO3TallyBaHHsA  Je(EeKTiB,
BupaxeHunx B IKC NovaFlow kpurepiem Niyama.

Kpurepiem Ui BHU3HA4YECHHS MiCIlb
pO3TalIyBaHHS ra30yCaAKOBHX JC(EKTIB 1 iX BeTHIMHH
e Niyama, BiH BUKOPHUCTaHHN HaMU JJIS IepenOadeHHs
MIKpOITOPUCTOCTI i Ta30yCaJAKOBOI IMOPUCTOCTI, JTOCHTH
BEJIMKHIA /I BUSBJCHHS 11 METOJOM pajaiorpadiuHoro
tectyBaHHs. Lleil kputepiii € HagIiHUM NPOBICHUKOM
MMOPUCTOCTI IS TPOCTHX BiIJIMBOK, ajie B Pa3i BUJIMBKIB
31 CKJIaZIHOI0 T'€OMETPI€0 HOro BUKOPUCTAaHHS BUMarae
OB PETENBHOTrO aHalli3y Pe3yJIbTAaTiB MOJEIIOBAHHS,
OCKUIbKM 0arato YMHHUKIB BIUIMBAIOTh Ha YTBOPEHHS
ra30ycaJikoBO1 TOPHCTOCTI.
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AHaii3 MiCIlb pO3TalIyBaHHS Je(EKTiB IMOKa3aB,
10 HAMOLTBIT CXUIIBHI IO yCAAOYHUX SBHIII:

— KPOMKH TIOPOXXHUH LIMJIIHIPIB;

— BepXHsI IUIOIIMHA B NIepe/IHii YacTHHi OJI0Ky, B
MICIIX KPiIUIEHb ITiJ] TOJIOBKY;

—MacuBu ~ OoOumiek 3 OOkiB  OJIOKy.
[IpomonemoBatu  nmedeKTH  TO3BOJISIOTH  3pOOUTH
MPOTHO3, 0 Opak JUTOTO BHPOOY MOXE CTAHOBUTH 5-
6 %.

3  pe3yabTaTiB  IHOKCHEPHOT'O  MOJCIIOBAHHS
TEIJIOBUX 1 TIIPOJMHAMIYHUX TIPOIECIB JIUTTS OJIOK-
Kaprepa Ciliaye, mo AeeKTH ra30ycaakoBOro XapakTepy
MOXYTh OYyTH  KOHIIEHTparopamMyl HalpyXeHb B
KOHCTPYKTHBHHX €JIEMEHTax JeTali, a TOMY MOXYTb
BIUIMHYTH Ha XapaKTEepUCTUKH MIIHOCTI B TIpoIeci
eKCILTyaTartii.

OO0roBopeHHs1 pe3yJbTaTiB

PeByJ’ILTaTI/I MMPOBCACHOI'0 HAMHU aHani3y IIOKa3aliu,

oo pyx po3miaBy B (opMi MOXXKHAa  BBaXaTH
HE3aI0BUTbHUM.

AHaimi3 pe3yJbTaTiB KOMITIOTEPHO-IHTETPOBAHOTO
MOJICTIIOBaHHSI ~ TIPOLIECY  OXOJIOJDKEHHS — JleTali B

TexXHoJNOriuHii (opmi (KOKiI) MPOBOAMBCS BiJIOBIIHO
JI0 TTapaMeTpiB:

—mepexim 3 pigkoi B TBepay a3y B mporeci
OXOJIOJUKEHHS AeTali B (hopM;

— ne(eKTH Ta30yCcaJKOBOTO XapakTepy, BUpa)KeHi
kpurepiem Niyama.

3 pe3ynapTaTiB  iHKCHEPHOTO  MOJICIIOBAHHS
TEIJIOBUX 1 TiAPOJMHAMIYHHMX IIPOLECIB JUTTA OJIOK-
KapTepa ciij, mo Je(eKTH ra3oycaakoBOro XapakTepy
MOXYTh OyTH KOHIEHTPAaTOpaMH HaIpPYyXEeHb B
KOHCTPYKTHBHHX €JIeMEHTax MAeTalli, a TOMYy MOXYTh
BIUIMHYTH Ha XapaKTEPUCTHKH MIITHOCTI B TpOIeci
eKCIUTyaTartii.

Puc. 2 — Po3noodin memnepamyp na cmaoii 3anueku 25 %

Po3pobnena 3D-monens BUIMBKA ONOK-KapTepa 3
TEXHOJIOTIYHOIO  JIMBAPHO-KHUBWJIBHOIO CHCTEMOIO Ta
pe3ynbTaTu JOCIHIAXKEHb IO03BOJMIM CTBOPUTH KIHIIEBO-
00’€eMHY MOJE/Ib BIJIMBKA 1 TEXHOJOTIYHOI OCHACTKH, a
TAaKOXX BHKOHATH IH)KEHEpHE MOJEIIOBAHHS IPOIECIB
murts B IKC NovaFlow. [ns nurtoro 6iok-kapTepa
aBToMOOiTbHOTO nu3ens 4/JITHA1 BukoHaHWE aHami3
¢i3uUHNX  0COONMBOCTEH  MpOLECIB  3allOBHEHHS 1
OXOJIO/DKCHHSI BWJIMBKAa y (OpMi, BH3HAueHi Micus
po3TanryBaHHS 1 PO3MIpH Ta30ycagKkoBHX Ie(eKTiB 3a
kputepiem Niyama.

Otpumani pe3ynbTaTti IH)KEHEPHOTO
MOJICIIOBAHHS Ta [OCTI/KCHHS 3allOBHEHHS (OpMH
pO3IIaBOM, CIIPSAMOBAHOCTI  KpHCTamizamii  mpu
OXONO/KeHH] (Tepexin Bin pigkoi mo TBepaoi dasi) i
BiJIOOpayKeHH1 PO3TalllyBaHHS Tra30ycaJKoBUX Je(eKTiB
Ta 3 aHali3y pe3yJbTaTiB pO3TallyBaHHS Je(eKTiB,
pupakennx B IKC NovaFlow kputepiem Niyama [8]
MIATBEPAWIH BHCHOBKHM TIPO HEOOXINHICTH 3MIiHH
TEeXHIYHUX YMOB ii BUTOTOBJECHHS. 3a pe3yJibTaTaMH
JIOCHI/KEeHb OyJHM po3poOJieHi 3MiHH, CHpPSMOBaHI Ha
cTalimi3amifo  XapakTepHCTHK  MeTaly,  3HIDKCHHI
ra30yAKOBUX Ae(eKTiB, 30UTbIICHH] MIBUIKOCTI 3aJTHMBKH
Ta KpucTamizaiii. Po3po0ieHo pekomeHaamii momo 3MiHu
KOHirypamii 1 pekomMeHmamii mOA0 3MiHM TEXHIYHUX
YMOB MO JHBapHUM JAe(eKTiB, IO BHUSIBIAETHCSI Ha
MeperopoKax i CTiHKaxX BUIIMBKA OJIOK-KapTep.

Otpumani pe3yapTaTu JOCITIIPKEHHS Ta
MOJICTIFOBaHHS TiPOJUHAMIYHUX MPOLECIB 3aJIMBKU Ta
KpHcTajizauii MOAEpHI30BaHOI BWJIMBKH OJIOK-KapTepa
HWIHAPIB ~ aBToMOOUThHOTO  gu3ens  4J[THA1 3
BUKOPHCTaHHSIM IH)KEHEPHOTO MOJICTFOBaHHS
npezacTaBieHi rpadiyHo Ha puc. 2-4.

Puc. 3 — Po3nooin memnepamyp na cmadii 3anusxu 50%
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Puc. 5 — Cmeno 0ns 00cHioHuybKux ma nputimMaibHo-
30a8anbHUX sunpodysans ousenis cepii JJTHA

Bucnosox
3 TpuUBENEHHMX PpO3paxyHKiB BHAHO, IO B
LIEHTPANBHIN 30HI Omok-KxapTepa, HaOLTBII

Hebesmeunoro mics o HJIC, rpadit BenmukoiciepcHUH,
MEXaHIvHI BIIACTUBOCTI HEBUCOKI [7].

[MopiBHsAHHS pe3yJbTaTiB JMHAMIYHHX
BUMPOOYBaHb Ha MOJENI MIATBEPIUIM AHAIOTIUHY
KapTHHY.

IMopiBHsibHA oOIliHKA OJIOK-KapTepa 0a30BOro i
BUTOTOBJICHOTO 110 MOZIEPHI30BaHil KOHCTPYKIIiT OKa3ye,
0 B OCTaHHHOMY BHIAJKy HE CIIOCTEpIracThCsl 30HA
3aJIMIIKOBUX HampykeHb. Ha ocHOBI aHamizy oTpuMaHOi
KiHIIeBOI ~ MOJeNni  MOXEMO  CTBEP/PKYBaTH, IO
HEpIBHOMIPHUI PO3MOALT HANPYKEHb 1 IX BEIMYMHA B
JUTOMY KapTepi € TMOTCHLIHHUM JDKEPEIOM 3HIKCHHS
(yHKIiOHANBPHOI ~ HAmIHOCTI  KOpIycy B TpoIeci
eKCILTyaTalii JJBUryHa.
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