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OcobeHHocTH 3anonHeHus hOpMbl KPYNHOW CTaNbHOM
OTAMBKK C UCNONb30BAHUEM 3TAXHOW TIUTHUKOBOI CUCTEMDI

C NPAMbIM CTOAKOM

anBeﬂeHbl pe3ysibTatbl nceneanoBaHuin, packpbiBaroLme Xxapakrep CKOPOCTHbLIX PEXNMOB 3aJiInBK K,OyI'IHOI;'I CTasIbHOM
OT/INBKU C UCIM0J/Ib30BaAHNEM ITaXHOU JINTHUKOBOW CUCTEMbI C rPSMbIM CTOSIKOM. YcraHoBieHbl onTuMasibHbI€, 10 CKO-
POCTHBbIM riapametpam 3aJinBkKu, rnpenesibl NpuMeHuMoCTn JIMTHUKOBOW CUCTEMbI C MPSAMbIM CTOSIKOM.

KnroyeBbie cnoBa: ripsiMovi CTOSIK, JINTbE, KPYMHbIE OT/IMBKMY, MareMaTtniyeckoe MoAempoBaHne, ruapoanHammka

Hanu3 COBPEMEHHOrO COCTOSIHUS JINTEWMHbIX TEXHO-
norui B obnactu U3roToBMEHMs KPYMHbIX CTamnbHbIX
OTNMMBOK E€AMHWYHOTO MNPOM3BOACTBA MOKa3bIBAET,
4YTO C LENnblo MOMyYEeHUsT Ka4yeCTBEHHOro Mo pas-
MEPHOW TOYHOCTM CTanbHOMO NUTbA C MUHMMAIbHbLIM
cogepxaHmem gedekToB Bce bonee LWmpokoe pa3sutue
norny4aeT TEXHOMNormst ckopoctHou (0o 35 1 6onee TOHH
B MUHYTY) 3anvBku pOpM, U3roTOBMEHHbIX 13 XOMNOAHO-
TBepaetomx cmecen (XTC). MNpu aTom Macca OTNMBOK
pocturaet 200 n 6onee ToHH. KntoyeBbiM hakTopoM,
OKa3blBaOLLMM BfMSIHME HA Ka4yeCTBO OT/IMBKM, CTaHO-
BUTCS NMHENHasi CKOPOCTb UCTEYEHNUS MeTanna u3 nu-
Tatenen, KoTopas MOXeT NPMBECTU K Pa3MbIBY Y4aCTKOB
hopMbl 1 CTEPXKHEW, PacnoNOXeHHbIX HaMpPoTUB NuTa-
Tens, 1, Kak crneacTeune, K 3po3nun, 3acopam 1 npurapy.

B oTeuecTBEHHbIX NUTEPATYpPHbIX MCTOYHUKAX WH-
dopmaumna 06 uccneaoBaHUAX CKOPOCTHOM 3anmBKU
KPYMHOrO CTamnbHOr0 NMUTbS HOCUT OTPbLIBOYHBIA Xapak-
Tep. 3a pybexxom 3Tu JaHHble KNaccuUUMPYOTCa Kak
HOy-xay W LUMPOKOW ornacke He npepatotca. 3a nocneg-
Hue rogbl Hanbonee 3HauMMon paboTon B 3Ton obnacTu,
Mo HalleMy MHEHWI0, CrnegyeT cyMTaTb MOHOorpacduo
B. B. HazapatuHa [1], B KOTOpPOW CMCTEMHO paccmoTpe-
Hbl NPOONEMbI U3rOTOBEHMWS KPYMHOIO CTanbHOMO NINTbS
OTBETCTBEHHOrO HasHaveHus. lpu aTom Heobxooumo
3aMeTUTb, YTO B BbILLEYNOMSHYTOW paboTe Manowusy-
YEHHBbIMW OCTalTCS BOMPOCHI UCCMEeAOBaHUS TMAPOAM-
HaMn4eCcKMx 0COBEHHOCTEN CKOPOCTHOW 3aruvBKW, pac-
npefeneHns NnoTokoB M Tennouanyeckmx napaMmeTpoB
CKOPOCTHOTO 3anosiHeHMS hopM.

Mpn OCBOEHUM TEXHOMOrMYECKOro npouecca W3ro-
ToBMeHunst Nutbsa ¢ npumeHeHnem XTC Ha MNMAO «Hoso-
KpamMaTopCKuii MalLMHOCTpouTenbHbIn 3aBod» (HKM3)
NpoBeAeH KOMMIMEKC UCCNENOBAHMI, HaMpaBeHHbIX Ha
BbISIBNIEHVE rMApOANHaMNYEeCKNX 0COBEeHHOCTEN paboTbl
NIMTHWKOBBIX CUCTEM PasfNYHbIX KOHCTPYKUMIA 1 BbIGOP
ONTUMarnbHOW CXeMbl 3anuMBKWM Afsi YCrOBWUIA CKOPOCT-
Horo 3anonHeHus copm. MiccnegosaHus npoBoaunu ¢
NCMNoNb30BaHNEM METOAA KOMMbIOTEPHOIO MOAENMpPOBa-
HWs1 B nporpammHon cpege MagmaSoft 4.4.

B Hactosilwen paboTte paccmartpuBaeTcs 3anvBka
KPYMHbIX CTaNbHbIX OTIIMBOK C MCMOMb30BaHMEM 3Tax-
HOWN NUTHUKOBOW CUCTEMbI C NPSIMbIM CTOSIKOM A1 pas-
MMYHbBIX CKOPOCTHbIX PEXMMOB 3anofiHEHNS1 OPMbI.

B kavecTBe OULEHOYHbIX NapaMeTpoB Afs nepeyunc-
MNEHHbIX METOAOB 3anvBKM WCMONb30Banu KayeCTBEH-
Hble W KOnM4ecTBEHHble nokasaTenu (pacnpegeneHue
nonen CKopocTen M TemnepaTyp, Xapaktep OBUXEHUS
rmapaBnNMyecknx NOToKoB M Ap.) Busyanusaumsa npowuc-
XOOALLMX NPOLIECCOB BbINOMHANACH C MOMOLLbIO COOT-
BETCTBYHOLLMX LiBETOBbIX LUKar, OTOOpaxatoLmx YICneH-
Hble 3HaYEeHUsT KpUTEPUEB.

KomnbloTepHoe mMogenupoBaHue npouecca 3anosiHe-
HWUsi OOPMbI BBINMOMHAMNM Ha OMbITHOW OTnuBKe «[nuta»
¢ pasmepamu OxLLxB: 1500x180x2000 MM npu YeTbIpex
CKOPOCTHbIX peXumax NocTynneHns metanna B (oopmy —
30, 60, 90 n 120 c. Macca xugkoro Mmetarnna OTIUBKA
cocTtasuna 6900 kr.

lMogoBog MeTanna B OTNMBKY OCYLLECTBAANU Yepes
TPW LLENEBbIX NUTATENS KOHCTPYKLIMKN, MPUMEHSEMOW Ha
HKM3, pacumpsiowyocs NMTHUKOBYO CUCTEMY U NpuU
MOCTOSIHHOM 3HaYeHWW pacxoda Ha MNPOTSHXKEHUU Bce-
ro nepuoga 3anueku. [ins 6onee 4OCTOBEPHOM OLIEHKM
3Ha4YeHWI CKOPOCTWN MeTanna B OTAErNbHbIX ToYKax nuT-
HMKOBOW CUCTEMbI U (HOPMbI YCTAHOBUNW BUPTYaribHbIE
AaT4MKM cornacHo cxeme Ha puc. 1. PacxogHble xapak-
TEPUCTUKN NMUTHUKOBOW CUCTEMbI NpUBEEHbI B Tabn. 1.

Ha puc. 2 npepcraeneHa rmgpoguHammka >KULKo-
ro metanna npu 3anonHeHun cgpopmbl Ha 10, 30, 60 n
100 % npw pasnnyHoOn CKopocTuK 3anueku. [pu 3anue-
ke B TevyeHme 120 ¢ ckopoCTb 3anofHeHMs PopMbl He-
6onbwas. 10 % obbema 3anonHeHO 3a CYEeT NocTynne-
HUS MeTarnmna U3 HXKHEro cTosdka. Y npoTUBOMOSOXHOM
CTEHKM M3-3a noralleHnsa fIMHEeNHON CKOPOCTU MeTarnna
MMEeeT MeCTO MOBbILEHNE MEHWCKa MeTanna OTHOCK-
TeNbHO ero 3epkana Cco CTOPOHbI CTOsiKa. YBenuyeHue
CKOPOCTW 3anvBK/ MPUBOOUT K BO3pacTaHWIO CKOPOCTU
yOapHOW BOSHbI Y MPOTMBOMONOXHOW cTeHkn. Ceoboa-
Has NMOBEPXHOCTb MeTanna npuobpetaeTt napabonuye-
ckyto popmy. CHuxeHne BpemeHu 3anmekm Huxke 90 ¢
NPUBOAUT K TOMY, YTO METan noctynaet B Qopmy (BKro-
Yas HavanbHyl CTaguio 3anvBK1) Yepes HKHUA 1 cpea-
HUW NUTaTenu.

B npucTteHo4Hon obnacTtn Habngaem NoBbieHne
cKkopocTu, cBobogHas NoBEpPXHOCTb MeTanna npuob-
peTaeT BOMHOOOpasHbIA XxapakTep, YeMy CrnocobCcTBy-
eT Kak obpaTHas BonHa, Tak U CTpys mMeTanna, nocTty-
naLLero 13 cpegHero nutarens. Hanuuo noBbilweHe
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Cxema pacrnonoxeHus BUPTyarnbHbIX 4AaTYMKOB NPy MOZAENW-
pOBaHUW 3anonHeHNs PopMbl

Tabnuya 1
N3mMeHeHMe pacXoAHbIX XapaKTepuUCTUK 3aruBKuU
Bpems CkopocTb CkopocTb nogbema
3anuBKM T, C | 3anuBKW, Kr/c | meTanna B chopme, Mm/c
30 230 108
60 115 54
90 77 35
120 57 27

TypOyneHTHOCTM XMAKOro MeTanna npu COKpalleHuu
BPEMEeHWN 3anvBku. AHanu3 nonemn CKopoCTen Mnokasbl-
BaeT, YTO 3arnorHeHne popMbl NPOUCXOAUT 3a CYET Mo-
CTYNMEeHNst MeTarnna u3 HUKHEro 1 cpegHero nuratens.

B npoBegeHHbIX uccnegoBaHusx nutatens 3-ro spy-
ca NUTHWKOBOW CUCTEMbI NpW BCeX 4-x CKOPOCTHAX 3a-
TNIMBKM NpaKTU4ECKM He dhyHKLUMOHMpYeT. CKopoCTb nepe-
TeKaHMsa MeTanna 13 OTNMBKM 0BpaTHO B NUTHUKOBYIO
cuctemy pocturaet 0,7-0,9 wm/c. MNMpogomKkmnTenbHOCTb
paboTbl NUTaTensd BepXHero fpyca He npeBbillaeT He-
CKOMbKMX CEeKyHA nepes OKOHYaHueMm 3anonHeHus gop-
Mbl. [lopuma meTtanna, NOCTynuBLUAs 3a 9TOT OTPE3OK
BPEMEHW, BOBMEKaeTCs BO BpaljaTefnibHOe [OBWKEHWe
1 nornagaet He B NpuObINbHYK YacTb OTNMBKK, @ B ee
ueHTp. C Havyana 3anuBkM Mo Mepe OPMUPOBaHUS
obnactv BpawaTtenbHO OBMXYLLMXCS MOTOKOB MeTann
N3 nutaTenen BTOPOro U TPETbero SpycoB NUTHUKOBOM
cMCTeMbl MocTynaeT nog 3Ty obnacTtb, onyckaetcs Oo
YPOBHS MEPBOro Apyca WM nullb 3aTeM MOgHUMAaeTCs B
BEPXHIOK YaCTb OTIIUBKMN.

HeobxoaMMo OTMETUTb Hanuune SABMEeHUs LMPKyns-
UMM meTanna B npegernax OTAeNbHO B3ATOMO nuTarens
C rOpM3OHTarnbHbIM Y4acTKOM MUTHUKOBOro xoga. pwm

onpefeneHHbIX pexummax paboTbl NUTHUKOBOW cUCTe-
Mbl Te4EeHMEe MeTanna Yyepes nuTartenb NOMHOCTLIO npe-
Kpawiaetcs. ITo ABneHne UKCUpoBarnochk Npu pasHom
MacCOBOW CKOPOCTM 3anMBKMU Y UMENO PasfnyHyto npo-
AormkmTenbHOCTb. OCcTaHOBKa NOTOKa MeTanna, BUammo,
BO3HWKaET MPU PaBHbIX 3HAYEHNAX OTHOCUTENbHOMN CKO-
pPOCTW NpOoTeKaHMs MeTanna BOOMb BbIXOQHOrO OTBEp-
CTUS NUTaTens u B CTOSIKE.

CTteneHb HaMONMHEHHOCTW MPSAMOro CTOsIKa HanpsiMyto
3aBUCUT OT CKOPOCTU 3arnonHeHus hopMbl U NOBbILLAETCA
C COKpalleHVeM ee MpoaoImkMTenbHoCTU. B onuckiBae-
MOM TuMe NUTHUKOBOW CUCTEMbl OTMEYEHa BbICOKas CKO-
poCTb NoToka n3 nutartenen 1-ro n 2-ro Apycos. B psage
CryyaeB Ha BbIxO4e U3 nuTaTens CKopoCTb MeTanna ao-
CTUraeT BbICOKMX 3HAYEHUI (Ans nutatens nepeoro Apy-
ca —4,8-3,0, BToporo sipyca — 2,9-1,2 m/c). [Npun aToM Ha
BXOAE B NIMTHWKOBYKD CUCTEMY BENMYMHA CKOPOCTU CO-
cTaBnsieT okono 2,4 m/c.

BbipoxgeHvne noctynatenbHO ABMXyLLerocs B ¢hop-
Me NnoToKa mMeTarnra 13 nuraTtenen nponucxoauT ¢ pasHon
WHTEHCMBHOCTBLH0. [py Hanbonee GbLICTPOM 3aMnONHEHUN
OTIMMBKW, KOr4a SHeprum notoka nu3 BTOpOro nurartens Jo-
CTaTO4HO Ans NPeodoNeHNs BUXPEBOW 30HbI, PacCTOsHME
3aTtyxaHus HectabunbHo n coctaenset 1400-750 mm, B
ocTanbHbIX cnydasx — 1400 mm. B ycrnoBusix gaHHOro
SKCMepMMeHTa BEeNMYUHA pasynpovYHEHWsT MOBEPXHO-
CTn hopmbl He onpegensanack. Ho npaBomepHo Gyaet
npegnonoXnTb, YTO MeTann okasblBaeT Haumborbluee
9PO3NOHHOE BO34ENCTBME Ha (DOPMOBOYHYIO CMEChb Ha
NPOTMBOMONOXHOW OT NUTaTtenen cteHke opmbl (B 00-
nactu mexay nepsbiM U BTOPbIM NUTaTENsiMuK), a Takke
B panioHe MOABWXHOW 30HbI BUXpeobpa3oBaHus B LiEH-
TpanbHOM YacTu OTNMBKWU, Tak Kak B 3TUX MecTax Ha-
onogaetca Hanbonbllas CKOPOCTb ABWMXKEHMUSI MOTOKOB
mMeTanna.

Mpn nomowwm wkan «Age» (Bpems CyLleCTBOBaHUSA
npobHou YacTubl, ¢) n «Length» (annHa npobera yactu-
Ubl) KpuTepus «Tracers» yctaHoBneHo (puc. 3), 4To npu
OBWKEeHUn meTanna B hopme u NUTHMKOBOW cucTeme
ONsl YKa3aHHOW CXeMbl 3anMBKU XapakTepHa Hambornb-
Wwas anvHa nytm npobera anemeHTapHbIX 06bEMOB Me-
Tanna, noctynawwero B gopmy. MHOrokpaTtHo nepete-
Kast 3 bopmbl B NIMTHUKOBYIO CUCTEMY M OBpaTHO, Me-
Tann, BO-MEPBbIX, CHWMXaeT MPOMYCKHY CrOCOBHOCTb
camMon NUTHUKOBOW CUCTEMbI, BO-BTOPbIX, MOXET BTO-
PUYHO OKMCIATLCA U HacbiwaTtbes razamu. C mMomeHTa
OOCTMKEHMS YPOBHSA nutatens 3-ro spyca 1 Bbille npo-
NCXOOUT UHTEHCKBHBIN 3axBaT MeTanna u3 obnactu ceo-
©opaHon NoBepPXHOCTU (C «3epKanay). 3aTtem 3TOT MeTasn
paccpefoTovMBaeTcs o Bcemy ob6bemy OTMMBKM C NIOKa-
nu3auuen 3Ha4nTeNbHOM ero YacTu B LeHTpasibHOM 30He
BpalLaTenbHO ABMXKyLmMxca notokoB. OCHOBHasA 4acTb
MeTanna, Haxogswerocs B Npubbinuv, NOCTynaeT 13 KoB-
LWa B NONOCTb POPMbl B HavarbHble NepPUOAbl 3aMBKM
W, cnegoBaTtensbHO, MMeeT bonee HU3Ky TemnepaTtypy
(= Ha 10 °C). 3axBaTbiBaeMbIil B MUTHUKOBYIO CUCTEMY
MeTann pacnpegensercs no BCew BbICOTE CTosika, Ao-
CTurasi ero BepxHew TOYKW, YTO OTHETNIMBO BMAHO NO MO-
KasaHuaMm cpasy AByx kputepueB — «Flow» n «Tracers»
(puc. 3). U3-3a yBenuueHus gMHaMuKM NOTOKOB NMPW CHU-
XXEHUW NPOAOIMKUTENBHOCTN 3anMBKN 3HAYMTENBHO BO3-
pacTtaeT nnowanbs cBOBOAHON NOBEPXHOCTM MeTanna.
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npO,EI,OJ'I)KVITeJ'IbHOCTb 3anosiHeHnA (bOprI, C

90 120

30 60

3anonHeHne opmbl, %

m Morne ckopocTeii Npu pasHOM ypoBHE 3anonHeHnst opMbl

K uucny xapaktepHbix OCOBEHHOCTEN, NPUCYLLMX
OaHHOMY TUMy JIMTHMKOBOW CUCTEMbI, KOTOpble Oblnn
BbISIBNIEHbl NMPWY NPOBEAEHUN KOMMbIOTEPHOIO MOAEnu-
poBaHuWs, cnegyet OTHECTU: BbICOKYO OUHAMUKY CTpyu
MeTanna, UCTeKaloLero U3 nuTaTens HWKHero sipyca, u
HenpekpaLyanLyocs paboTy aToro nuTaTtens B Te4eHvne
BCEro nepuoaa 3anviBku; npexaeBpeMeHHoe BKIYeHe
1 NnocTeneHHoe yBenuyeHme MHTEHCMBHOCTM paboTbl Nu-
TaTtensd BTOPOro sipyca ¢ NOBblLLEHNEM CKOPOCTMW 3anmnB-
KV; MHXEKUMIO MeTanmna yepes nuraTtenu BepxHUX sipy-
COB. YKasaHHble SBMeHNs OTHOCATCH K OTpuLaTenbHbIM,
TaK Kak ux cneacrTBuMem MOryT cTaTb pasmbiTue opMbl

WU CTEePXKHEN, 3axBaT OBMXKYLLMMCS MOTOKOM MeTanna
BO3[yXa W pasfuMyHoro poga HeMeTannmyeckmx BKrove-
Hun (HB), cosgaHme HebnaronpuaTHoOro tennosoro 6a-
naHca otnuekM [2, 3].

Mcxoas m3 nornyyYeHHbIX 3KCnepuMeHTarnbHbIX AaH-
HbIX, MOXHO 3aK/O4UTb, YTO YKa3aHHbIN TWUM NIUTHUKOBOW
CUCTEMbI BMOMHE NpuemMnem Ans 3anofHeHust dopMbl Co
CKOPOCTbIO NogbeMa metarnna He 6onee 10-15 mm/c n He
MOXeT OblTb peKkoMeHOoBaH Arfsi CKOPOCTHOWM 3aruvBKW.
OH He obecneynBaeT BO3MOXHOCTM MOMYYEHUST OTIIMBKU
C BbICOKUMU TpebOoBaHUSIMM K BHYTPEHHEMY Ka4ecTBy Mo
NpUYMHe NOCTYNIEeHNst MeTanna U3 nuTaTenen Nepeoro u
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m Mone TpaeKTOpI/IVI ABWXEeHUA rIpOGHI:IX YacTuy npu pasnmM4yHoOM ypoBHE 3arnosiHeHUA q)OprI

BTOPOIO SPYCOB B HUXHIOK YacTb DOPMbI, YTO CHUXaeT
HanpaBfeHHOCTb TEMMoBOro rpagneHTa (cnocobcTeyeT
pa3orpeBy HWKHUX ee YacTen). Takas cutyaums MOXeT
npuBecTM K 0Bpas3oBaHUio raszoycagodHblX AedeKkToB B
mMecTax BuxpeobpasoBaHus. PaHHuM BbIGpoC meTanna
nuTatenem BTOPOro spyca B Chny4ae Kpuctanmnu3auuu
MOXET MHULMMPOBaTb MpeKkpalleHne paboTbl nuTaTens,
yBeNuUnUTL Konmnyectso HB B oTnmBke.

MoaTomy 6e3 ycoBepLUEHCTBOBAHUS NIMTHUKOBOW CU-

CTEMbI C MPSIMbIM CTOSIKOM MyTEM BHECEHUS B €€ KOH-
CTPYKUMIO omnpefeneHHbiX W3MEHEHWA WNn LOMNOSHU-
TenbHbIX YCTPOWCTB HE NpPeacTaBnsieTCa BO3MOXHbIM
[obutbCsl pesynsTaToB, YOOBNETBOPSHOLNX COBPEMEH-
HbIM TpeboBaHUAM KayecTsa.

B pesynbraTte NpoBeAeHHbIX UCCreqoBaHui yaanoch
YCTaHOBUTb OMTUMArbHbIE, MO CKOPOCTHbIM MNapame-
TpaMm 3anueku, npegenbl NPUMEHUMOCTU FIUTHUKOBOM
CUCTEMBI C MPSAMbIM CTOSIKOM.
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AHoTauis OcobnmBOCTi 3anoBHEHHS (POPMI KPYMHOrO CTaneBoro BUNMBKa
3 BUKOPUCTAHHAM SPYCHOT IMBHUKOBOI CUCTEMY 3 MPSIMUM CTOSIKOM

HaBegeHo peaynbratn AOC/IAXEHb, SKi PO3KPUBAIOTh XapakTep LUBULAKICHUX PEXUMIB 3aJIMBKN 3 BUKOPUCTAHHSIM SPYCHOI
JINBHUKOBOI CUCTEMU 3 MPSIMUM CTOSIKOM Py OAEPXaHHI KPYNHUX CTas1eBUX BUINBKIB. BCTaHOBIEHO onTyMasibHi, BifHOCHO
LUBUAKICHUX NapamMeTpiB 3a/INBKU, MEXi BUKOPUCTaHHS JIMBHUKOBOI CUCTEMU 3 MPSIMUM CTOSIKOM.

K]'IIO‘IOBi cnoBa I'lpFlMVllZ CTOSIK, JINTTS, BE/INKI BUTINBKU, MaTteMaTtnyHe MOAETOBaHHS, I'I:qu,[lMHaMI'Ka

Dudchenko A. B., Tarasevich N. I., Prymak |. N.
Pecularities of filling a mold for large steel casting in a storied gating system
with a direct gate

The results of investigations that explore the character of speed rates of large castings pouring in a storied gating system

with a direct gate are given. There are defined the optimal by pouring speed limits of feasibility of the gating system with a
direct gate.

m direct gate, founding, large castings, mathematical modeling, hydrodynamics
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Pepakuusa «Metann v nutbe YKpauHbI»
MOXEeT NOAroTOBUTb 3aKa3HOM HOMEp XypHana

OpueHmupogoYHasi CmouMocmb 3aKka3Ho20 Homepa — 6750 epH.
(obbem 0o 5 yy.-u3o. 1.)

OpueHmupogo4Hasi cCmoumMocmb 3aKka3H020 criapeHHo20 Homepa — 13000 epH.
(obvem 0o 10 yy.-uso. 1.)
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