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CHUKXEHUE BHYTPEHHUX JE®EKTOB B KOPIHYCHbBIX OTJ/IMBKAX KAK
®AKTOP TIOBBLIIIEHUSI ®YHKIUOHAJIBHOMU HAJEXHOCTH JETAJIEN
MAIIIHH U3 CTAIM

1. BBenenue

IToBeIIICHUE KOHKypeHTHOfI CHOCOOHOCTH MNpOAYKIMHU MAIIWHOCTPOCHHA CCTOAHA MOKCET
paccMaTpuBaThbCAd KaK TIJIaBHAsg 3aJada I[MPUKIaJHbIX Hay4YHBIX I/ICCHGI[OBaHI/Iﬁ B oOiactu
TEXHOJIOTUU MAIIUHOCTPOCHHS. XOpOIIO U3BECTEH TOT (aKT, YTO 3a4aCTYI0 HEBBICOKOE KadeCTBO
3arOTOBUTEIHHOTO TPOM3BOJICTBA «IIPOCIHUPYETCS» W Ha TOJIYYCHHE TOTOBO HU3JCTUS — OYHb-TO
JIETaJIM MAlTUHBI WU uX Y376l [ 1-2]. [Ipu 5TOM 10 3aroTOBUTEIHHBIM ITPOU3BOJCTBOM, B TIEPBYIO
odepeqb, MOHUMAETCsl JIMTEHHOE MPOU3BOJCTBO, Belb 0O0beMHAas 110Js (AaCOHHBIX OTIMBOK ISt
neraneil MalMHoCcTpoeHus coctabisieT He MeHee 70 %. OnHoi u3 HanboabIIUX IPOOIIEM SIBIISIETCA
CIIOHOCTh TIOJYYEHHS OTIUMBOK 0O€3 BHYTPEHHHUX J€(EKTOB, KOTOPbIE BCKPBIBAIOTCS YXKE B
mporecce MeXaHW4eCKOHW 00pabOTKM WM, YTO eImle XYKE, OCTATCsA CKPBITHIMH. B mociemHem
cillydae Takue Je(EeKThl MOBBIIIAIOT BEPOSTHOCTh (YHKIMOHAIBHBIX OTKAa30B JAETajledl U y3JI0B
MallliH B TIpolecce JKcruryaTanud. [loaTomy onHO#M W3 HamboJiee aKTyalbHBIX 3a1ad SBISETCS
3aJlaya KOHCTPYMPOBAHUSI OCHACTKHU JUTEHHOI0 MPOU3BOJICTBA TAKUM 00pa3oM, YTOObl YMEHBIIUTD
BEPOSITHOCTh Opaka OTJIMBOK [0 NPUYMHE BHYTPEHHUX JA€(PEKTOB — YCaJ0YHOW M Ta30BOM

IMOPHUCTOCTH, UJIM YMCHBIUIUTDH 00bEM UX B TEJIE OTIUBKHU.

2. AHAJIU3 JIUTEPATYPHBIX JAHHBIX M MOCTAHOBKA 321241 HCCJIeI0BAHUS

BonpocamMu KOHCTPYKTOPCKO-TEXHOJIOTUIECKON TIOrOTOBKY JTUTEHHOTO IMPOU3BOCTBA, KaK
OCHOBHOTO  (pakTOpa yIpaBJICHHS KAadyeCTBOM OTJIMBOK, CETOJHS 3aHMMAIOTCS MHOTHE
WCCIIeIoBaTeNM. BONBIIMHCTBO paboOT B 3TOW 00NAacTH CEroMHS TOCBSIICHO IPUMEHEHHIO
CAD/CAM/CAE—cucrem: TPEXMEPHOMY TBEPAOTEILHOMY MOIEJTUPOBAHUIO [3-5],
KOMITBIOTEPHOMY MOJIEJIMPOBAHUIO MIPOLIECCOB 3aMOIHEHUS POPM, KPUCTAIIU3AUHN OTIUBOK [6—7],
GOpMUpPOBAaHHIO BHYTPEHHUX  HAampsOKEHHWH B OTIMBKAX W BIMSIHHIO — HAmpsHKEHHO-
nehOpPMUPOBAHHOTO COCTOSIHUS HA SKCIUTYaTaIlMOHHYIO HAJACKHOCTh JIeTanei MamuH [8—9].

OpHako B OOJBIIMHCTBE pabOT 3ayacTyl0 HE IIOJHUMAIOTCS BOIPOCHI OIpeAeTICHHS
pallMOHAIFHOTO  Pa3MEUICHHUS  DJIEMEHTOB  JIMTHUKOBO-TIUTAIOIIMX  CHCTEM HAa  OCHOBE
MaTeMaTUYECKOTO MOJICITMPOBAHUS BIUSHUS UX IMapaMeTPOB HA KA4YECTBO TOJIYYaeMBIX OTIMBOK.
Lenbr0 TAKOTO MOJICITMPOBAHUS MOKET OBITh MAaTEMAaTHUECKOE OMUCAHNE JUCIOKAIIMY BHYTPEHHUX
nedekToB (T0JIOCTEN) yca0uHOM WIIM Ta30TBOPHOM MPHUPOIbI, BHITIOJHIEMOE Ha OCHOBE METOJIOB
cratuctudeckord kinaccupukamuu [10-11]. B  pesymprare peanusanum TakKoro IoaX0ja
OTKpBIBAETCS BO3MOYKHOCTh ONTHMH3ALMU TapaMEeTPOB JMTHUKOBO-NMUTAIONINX CHUCTEM, B

pe3ysbTaTe 4ero 00ecrneynBaeTcsi CHIYKEHNE BEPOSATHOCTH (POPMHUPOBAHUS BHYTPEHHUX AE(PEKTOB B
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TeJe OTJIMBKM WM yMEHbLIeHus ux oobema. Ecnu peub uaer o0 OTIMBKax U3 CTalld, B MEPBYIO
ouepesib YIpaBJSIOMIMM (AKTOPOM B KOHTEKCTE IMOCTaBJICHHOM 3aJjaud MOKET paccMaTpHUBATHCS
0o0be€M U MECTO YCTAaHOBKHU MNpUOBLICH, TJIaBHBIM IpPEAHA3HAYEHUEM KOTOPBIX SIBISETCS
«TIOTJIOIIEHUE» YCAJOYHBIX PAKOBUH U HE JIOMYIIEHUS UX IPOHUKHOBEHUS B TEJO OTIUBKU. TakuM
o0pa3oM, ILeNbl0 HCCIEA0BAHUS BBIOPAHO OINpPEAETICHUE PAlMOHAIBHOTO MeECTa YCTAaHOBKHU
npuObuin U e€ 00beMa, OLIEHMBAEMBIX IO BO3MOXKHOCTU MPEIOTBPALICHUS NPOHUKHOBEHUS

YCaaO4YHbIX PAKOBHUH B TCJIO OTJIWBKH.

3. KomnboTepHoe Moje/inpoBaHue npoueccoB GgopMupoBaHusi BHYTPeHHHUX e eKTOB
st uccnenoBanus BbiOpana otinuBka «Kopmyc», m3rotaBnmBaeMas u3 crainu 20, B dJIeMEHTax
JIUTHUKOBO-IIUTAIOLIEH CUCTEMbI KOTOPOH OBLIM NMPEyCMOTPEHBI ABE 3aKPBIThIE KPYIJIble NPUOBLIN
CO CKpYIJICHHEM CBEpXY M OJ[HAa OBajbHas 3akphiTasi NpuObLib. OOOCHOBAaHHEM K BHIOOPY UMEHHO
Tpex npuObLIel ObUIH CIEAYIONINE COOOpaKeHHs: MPUObUIN OJIKHBI MUTaTh HanboJiee MacCCUBHBIE,
TEIUIOBBIE Y3JIbI OTJIMBKHA — OOJIbINIAs IMIMHAPUYECKAs MPUOBLIL M JBE HEOOJBIITUX MPUOBLIN CO
CTOPOHBI TOJBOJIa METAUIbl B MOJIOCTh (DOPMBI, MPUUEM OJHA W3 HUX ObljJa yCTAaHOBJIEHA Haj
MEeCTHOM BxoJa nutatens. [lapannenbHo mpecienoBaiach Ledb ONPEAETUuTh, BIUIET JU OJU30CTh
NpUOBUIM K MUTATENIO HA KAYECTBO MUTAHUS OTIUBKU JAHHON MPUOBLIBIO.

C nomouisto nporpammel Solid Works Obuia BeinosaHeHa 3D-Mo/enb OTIMBKHU B COOpPKE €O

CTEpXHEM, IMTHUKOBOM cucTeMoi U npudsuisimu (puc. 1).
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Puc. 1 — 3D-mozaenb oTMBKH B COOpKE CO
CTEpXKHEM, IMTHUKOBOM CUCTEMON U MPUOBLIAMU
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Puc. 2 — Pe3ynbTaTsl MOAETUPOBAHUS IPOLECCOB (POPMUPOBAHUS YCATOUHBIX 1€(DEKTOB B
skcepuMenTe Nel

4. Pe3yJbTaThl MOJACTHPOBAHNUS M X MHTEPIIPeTalusl

Ha ocHOBaHMM MOJYy4EHHBIX pE3yJIbTaTOB MOXET OBITH CAETAHO HECKOJIBKO Ba)KHBIX
BBIBOJIOB. B yacTHOCTH, MOKHO CUMTaTh, YTO MPU HUCIOJIH30BAHUM OBAJILHOM 3aKpBITON MpUOBLIN
ycaJika He IPOHMUKAET B TEJIO OTIMBKHU, IO3TOMY JOJLKHBI ObITh IPOHAIU3UPOBAHBI JIBE OCTABILINECS
npuObutd. OTCYET KOOpIMHAT HEOOXOAMMO BECTHM OT MECTa 3aJMBKM MeETaljla B JIMTHUKOBYIO
BOPOHKY 10 ocu Z (B KOHKpeTHOM cityyae Z = 290 mm). Koopaunary mecra nojasojaa Meramia K
OTJIMBKE (B KOHKPETHOM cillydae paBHYIO 144 MM) MOXXHO NpPHHSTH 3a IMOKa3aTellb HaIUu4dus
[IPOHUKHOBEHHUS yCAaJJOUHON PAaKOBUHBI B TE€JIO OTJIUBKH.

[Tosryqaemoe oTpuLaTeNbHOE 3HAYEHUE YKa3bIBAET HA HAIUYME Ae(EKTa, a MOJI0KUTEIBHOE
— Ha €ro OTCYTCTBHE.

[lo pe3ynbraraM mOJY4E€HHBIX HaHHBIX B mporpamme Excel Obu1 moctpoeH rpaduk
3aBUCHUMOCTU TJIyOMHBI NPOHUKHOBEHHS YCaJOYHOW pPAKOBHHBI B TEJIO OTIMBKA OT OObema

npuobLTH (puc. 3).
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Puc. 3 — I'paduk 3aBUCUMOCTHU TITyOHHBI

IIPOHUKHOBEHHUS yCaJJOUHON paKOBUHBI B TEJIO
OTJIMBKH OT 00beMa MpuObLIN
B KOTOPBIX MPOBOIUIOCH MOJIETUPOBAHUE, MOXKHO C/AETIaTh BBIBOJ O TOM, YTO 3TOT BapHaHT KaK pa3

MPOHUKHOBEHUsST  pakoBUHbL.  OnHaKo,

YUUThIBasA MNPUBA3KY CUCTEMbI KOOpAWHAT,
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ABJISICTCA HaUXyALIHUM (OTpI/IHaTeJILHI)IfI 3HaK Ha ocu Z COOTBCTCTBYCT IMPOHHUKHOBCHUIO
paKOBI/IHBI). Taxknm O6p330M, HUTOI'OM MOACIIUPOBAHUA ABJIACTCA BBIABJICHHC KaK pallMOHAJIBbHOI'O

BapuaHTa o(opMIIeHUS NPUOBLIM, TAaK U HAUXYALIEro BapuaHTa.

BrIBOABI

B pesynbrare KOMIBIOTEPHOTO MOJEIMPOBAHUS YCTAHOBJIEHO, 4YTO C YBEIWYEHHEM
MpUOBLIM 0O HEKOTOPOTO TMpejesna OHa paboTaeT XOpoIlno. 3aTeM B JMANa30oHE IKCTpeMyMma
npuObUIb paboTaeT He 3PPEKTUBHO — JajbHEIIee YBEIMUEHUE MPUObUIM HE JaeT YIy4llIeHUS
abdexTa, a TPUBOAUT TOJBKO K Tepepacxony Meraia. ['paHudHble 3HaueHUs 00JacTh
AKCTpPEMYMa, B KOTOpPOW MPHUObUIL pabOTaET IJI0XO0, COOTBETCTBYIOT MEPECEUEHUIO IMOTYYEHHBIX

3aBUCUMOCTEN € 0CbI0 Z=0).
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Ilynaee A.A. «CHuxeHHEe BHYTPEHHUX AC(PEKTOB B KOPIIYCHBIX OTJIMBKax Kak (akTop
MOBBIIIEHUS (YHKIIMOHAIBHOW HAZC)KHOCTH JIeTajlel MaIlIUH U3 CTaI».

B crathe omumcanbl pe3yibTaThl KOMIBIOTEPHOTO MOJEIMPOBAHMS MPOLIECCOB 3aNOJHEHHS
JUTEHHBIX (OPM M KPUCTAINIM3ALUU OTIUMBOK U3 CTaJId, IpPEIHA3HAYEHHBIX JUIS W3TOTOBJICHUS
neraneil «kopmyc». [lokazaHo, 4Tro myTreM oadOpa pAaclOJIOKEHUS SJIEMEHTOB JIMTHUKOBO-
MUTAIOUIMX CUCTEM W IpUOBLIEH BO3MOYKHO YMEHbIIEHHE 00beMa BHYTPEHHHUX IOJIOCTEH B Teje
OTJIMBKU U YCTPAHEHUE YCAJIOUYHBIX PAKOBHUH.

Knwouesvie cnoga: TeXHONOTHS MALIMHOCTPOEHUs, (aCOHHAs OTJIMBKA, AETAIM MAIlMH,

KOHCTPYKTOPCKO-TCXHOJOTHYICCKAA MMOATOTOBKA IIPOU3BOJICTBA.

Ilynaee A.A. «3HWXKEHHs BHYTPILHIX Je(pEeKTIB B KOPIYCHUX BIAJIUBKAaX K (akTop
MIIBUIIECHHS QYHKI[IOHATHHOT HAMIMHOCT1 JETAICH MAITUH 31 CTaIi».

VY crarri omnmcaHi pPe3ynbTaTH KOMITIOTEPHOTO MOJCIIOBAHHSA IIPOIECIB 3allOBHEHHS
auBapHUX GopM 1 KpucTaiizauii BIAJMBOK 31 CTali, NPU3HAYEHUX JUIsl BUTOTOBJICHHS JeTajiei
«kopnyc» . IlokazaHo, 10 HUISIXOM MiNOOpPY pO3TAllyBaHHS €IEMEHTIB JINTHUKOBO - JKUBIISTUMX
CUCTEM 1 HAJUIMIIKIB MOJKJIMBE 3MEHUICHHS OOCSTYy BHYTPIMIHIX HOPOXHUH B TUIl BIUIMBKHU 1
YCYHEHHS yCaJJOYHUX PAKOBUH.

Knrwouoei cnosa: TexHonoris MamuHOOyIyBaHHS, (pacOHHA BINJWMBKA, JAETall MAalluH ,

KOHCTPYKTOPCHKO-TE€XHOJIOTTYHA MiATOTOBKA BUPOOHUIITBA.

Puljaev A.A. “Reduced internal defects in the hull castings as a factor in increasing the
functional reliability of machine parts made of steel”.

The article describes the results of computer simulations of the filling of molds and
crystallization of steel castings for the manufacture of parts “housing”. It is shown that by adjusting
the layout of the gating systems and profits may decrease the volume of the internal cavities of the
body and the removal of the casting cavities.

Key words: mechanical engineering technology, shaped casting, machine parts, design and

production planning.
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