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EKCNEPUMEHTANBHE AOCHNIOXEHHA
MPOLIECY ®OPMYBAHHA BYITIELLEBUX BUPOBIB
METOOOM NMPECYBAHHA HA MPOMUCIIOBOMY OBJIAOHAHHI

MpoBepeHi eKcrnepuMeHTanbHi AOCHimKEeHHs npouecy cdopMyBaHHA
BenuvkorabapuTHoi ByrneueBoi NpoAyKuii MeTogom eKkcTpy3ii Ha MPOMUCIIOBOMY
npecoBoMy iHCTPyMeHTi. BU3HauyeHi OCHOBHi TeXHONOriYHi NapamMeTpu Ta NOKasHUKU
npouecy eKcTpy3ii (TUCK, eneKTpuM4Ha MOTYXHICTb HarpiBHUKIB, TeMnepaTypu B
Pi3HMX 30HaxX NMPecoOBOro iHCTPYMEHTY) Ta AOCHIAXKEHO iX LMKIiYHYy 3MiHy nip 4ac
Kamnadii npecyBaHHs. Ha oCHOBI eKcnepuMeHTanbHUX AaHUX OTPUMAHO ocepeaHEeHUN
pernameHT NnpecyBaHHSA ByrieLeBoi Mmacu B 6e3po3mipHin cpopmi 3a yacom.

Knroyosi crniosa: syaneyesa maca, e1ekmpoOHi 3a20mosKu, eKcmpy3is, ¢hopMy8aHHs,
rpecysaHHsi, eKcriepuMeHmarbHi O0CTIOXEHHS.

BcTtyn. Byrneuesi maTepianu pisHATbCA 3a CBOIMU (Di3UYHUMK BRacTu-
BOCTAMU Ta cdepamm 3acToCyBaHHs. B arperatax YopHOi Ta KOMbOPOBOI
MeTanyprii, a TakoX XiMiYHOI MPOMMCIOBOCTI BUKOPUCTOBYIOTLCA €heKTPOaHi
Ta Byrneuesi BUpo6u. [10 HUX BUCYBaKOTbCS BUCOKI BUMOTM LLIOAO MEXaHiYHOI
Ta TEPMIYHOI MILHOCTI, €NeKTPOonpOBIAHOCTI 1 XiMIYHOI iHepTHOCTI. 3a3Buyan
NPOMUCIIOBICTL MOTpebye BenukorabaputHux BWpoOGIB, AKi OalTb 3MOry
NiABULLYBaTW NOTYXKHICTb Ta BiANOBIAHO NPOOYKTUBHICTb OONagHaHHS.

OpwuH i3 0cHOBHMX cnocobis hopmyBaHHA BenukorabapuTHOI ByrneLesoi
Npoaykuii — Le npecyBaHHA 4Yepe3 hopmytody MaTpuuio (MyHALWTYK) abo
ekcTpysia. Byrmeuesa maca (Cymill BYrneueBMICHUX HaroBHIOBaya Ta
3B’A3yBaribHOro) NoAaeTbCA B MaCHUWA LWUMIHAP, O YLWINbHIOETLCA NIyHXe-
poMm npeca, a notim 3ycunnam 6ina 60 MH npolutoBxyeTbcs vepes MyHa-
LWITYK, TUM CaMMM 3arOTOBLi HAOaeTbCsa BIiANOBIAHI reoMmeTpudHa chopma
po3mipu. B 3anexHocTi Big Tuny npecysanbHoro obnagHaHHA BigpisaHHA
OKpeMKX 3aroTOBOK MOXe 3AiicHIoBaTUCS nepiogudHo abo HenepepsHO.
OpepxaHi 3arotoBku € HaniBchabpukaTom, Wo notpebye noganbLLIOro BUCO-
koTemnepaTypHoro ob6pobneHHs B cneuianizoBaHnx nevax [8, 10, 11]. MNpore,
ManbyTHi BNaCcTMBOCTI KiHLEBOro NpoAyKTy 3aknagatTbCs e Ha eTani dop-
MYBaHHs, TOMY 3aranbHO HayKoBOI Npobnemolo € BOOCKOHANEHHS npoLecis
Ta obnagHaHHS ona chopMyBaHHSA ByrneLesux Bupobis. HesupilleHow yac-
TUHOI HayKOBOI Npobnemu € ekcneprMeHTanbHe BUBYEHHSA TEMMOBOro CTa-
HY NPOMWCIOBUX NPECIB Mif Yac TEXHOMOrYHOro NpPoLecy ekcTpyaii.

MeToto gaHoi cTaTTi € NpeAcTaBrieHHs pe3yrnbTaTiB eKCnepyMeHTanbHMX
JocnigpkeHb NapamMeTpiB Ta XapakTepUCTUK, a TakoX TEenroBoro cTaHy npo-
MMCIIOBOro MPECOBOro iIHCTPYMEHTY Nif Yac KamnaHii hopMyBaHHs ByrneLe-
BMX 3aroTOBOK.

© T. B. Nasapes, A. A. Kapsaubkui, C. B. leneka, A. 0. NegyeHko, 2016
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Buknag ocHoBHOro marepiany. [pecoBuii iHCTPYMEHT, WO € 06’ekToM
OOCNIoKEHHS, CXeMaTUYHO npeacTaBneHu Ha puc. 1. OCHOBHUMMW KOHCT-
PYKTUBHUMW efieMeHTaMn Npecy € MacHUW UuniHAp, SKUMA 3anoBHIOETHCS
Macolo; MNyHXeP; MyHALITYK, B AKOMY BigOyBa€eTbCsA npoLec opMyBaHHS.

3 2 1

Puc. 1 — Cxema npecoBoro iHCTpyMeHTy Ansi (popMyBaHHs ByrneLeBoi Macu
MeToAOoM eKCTpy3ii: 1 — ByrneueBa Maca; 2 — MaCHUM LUuniHAap; 3 — MyHALWTYK;
4 — HarpiBHMK MacHOro uuniHApa, 5 — HarpiBHUK 3axigHOI YaCTUHU MYHALITYKA;
6 — HarpiBHMK Kani6pyBanbHOI YaCTUHM MYHALWTYKA; 7 — AOAATKOBi HAarpiBHUKMX

MacHui uuniHgp € Tennoi3oNboBaHOK LUNIHOPUYHOK KaMEpOo 3 enekT-
PUYHUM HarpiBHMKOM, pO3TalLOBaHMM MO BCil MOro nosepxHi. BiH € Hepyxo-
MO YaCTMHOKO MPECOBOrO iHCTPYMEHTa, TOMY Mae AOMNOMDKHI cUCTeMMU, SKi
OaloTb 3MOTY 3arnoBHIOBATK MOro mMmacoto [4].

KoHcTpyKLUia MyHAWTYKa nepeabadyae MOXMMBICTb MOro 3amMiHv i peani-
3ye ABi 30HN fecbopMyBaHHS: 3axigHy Ta kanibpysanbHy. B 3axigHin yacTuHi
BinOyBaeTbCs 3HaYHe OedopMyBaHHS Macu Ta nepexig Bia Kpyrnoro npodi-
N0 40 NPSIMOKYTHOro, WO BiAMOBidae reomeTpii 3aroToBku, a B Kanibpysa-
NbHIN YacTuHi PopMyeTbCA KiHLEBUIA Npodinb BUPOOY. [1na CTBOPEHHSA He-
06XigHOro piBHA TemnepaTypu NOBEPXHI MyHAOLWTYKa Ta Macu BUKOPUCTOBY-
I0TbCSA ABa OCHOBHUX HAarpiBHWKK: B 3aXigHiv Ta kanibpysBanbHi YacTuHax, a
TaKOX YOTMPW OOMOMIXKHI, SKi pO3TalLOBaHi Ha KyTax MPsSIMOKYTHOro OTBOpY
KanibpyBarnbHOI YaCTUHMW.

lNgpaBniyHa cuctema npeca po3suBae 3ycunns 6ina 60 MH, sike nepe-
AaeTbcs nNnyHxepom 0o macu. lNMignpecoska nposoautbesa npu 2012 Mlla, a
pekoMeHOoBaHU Aiana3oH NpecyBaHHs ckragae 2—6 Mlla.

PexuM npecyBaHHS Ta TemMnepaTypHUA PeXMM NPOoLLeCY KOHTPOSETLCA
Cy4YacHOI eNleKTPOHHO-BMMIpIOBaNbHOK anapaTyporo, a peryrnioBaHHS 34ii-
CHIOETbCS1 aBTOMATUYHO Ta OMNepaTopoM.
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dopmyBaHHA ByrneLeBux BMpobiB METOOOM eKCTPy3il Yepes MYyHALUTYK
CKIagaeTbCca 3 TakMX OCHOBHMX onepaLii:

— 3aMOBHEHHS MACHOro LniHApa OXONOXKEHO Macolo;

— po3irpiB Macu 4o BU3HAYEHUX TeMnepaTyp;

— nignNpecoBka;

— NpecyBaHHsA Ta MapKyBaHHs1 BUPOOiB;

— Bigpi3aHHA 3aroTOBKM NEBHOI JOBXNHU;

— OXOJIOMXXEHHS BOAOIO Ta Ornsapj, 3aroToBKy;

— TPaHCNOPTYBaHHS 3aroTOBKW HA POSbraHr Ans OXOMNOOKEHHS;

— BUPOBHNYNIA KOHTPOMb SKOCTI BUPOOY.

MignpecoBka — ue onepauis yLWiNnbHEHHA Macu NpY 3aMKHEHOMY BUXia-
HOMY OTBOpiI MyHALUTYKa npeca. [Mig Yac nignpecoBku AOCAraeTbCA BUCOKUN
CTYMiHb YLiNbHEHHS MacK, L0 BMMMBAE Ha XapakTep il pyxy yepes MyHA-
LITYK, Lle Aa€ MOXIMBICTb OTPMMYBATK 3aroTOBKM 3 BUCOKOI LUIMBHICTIO Ta
OAHOPIAHICTO.

IMig yac npecyBaHHs Maca BUTUCKAETbCA Yepe3 MyHOLWTYK Nig Aieto nnyH-
xepa. Ii pyx xapakTepusyeTbca LLIAPOBOI0 CTPYKTYPOID: B MacHOMY LiUMiHAPI
Lapu pyxarTbCa napanenbHO OAUH O4HOMY, @ B MYHALUTYLi — LEeHTpanbHi
JeLlo BunepedxyoTb nepudepiviHi. Take poslwapyBaHHA BUHUKAE 3a paxy-
HOK TOro, Lo MaTepian y UeHTpi NpoxoauTb MEHLUUIA WNAX, HiK nepudepin-
HWUIA, @ TaKOX Yepes B3aemofito CTIHOK MyHAwWTyka 3 macow. Kpim Toro, nig
Yac pyxy TBEpAWMA HamnoBHIOBaY, LIO Mae 3aranoMm HenpasBurnbHy opMy
rpaHys, NepeopieHTOBYETLCA TaKMM YMHOM, LLOG HanbiNbLINA po3Mmip YacTu-
HOK OyB HanpaBneHwW’ 3a HanpsiMKOM nNpecyBaHHA MaTepiany. 3asHauyeHi
0COBMUBOCTI YTBOPIOKTb XapaKTepHy ANs MNPecyBaHHA 4Yepe3 MYHALITYK
CTPYKTYpPY 3aroTOBKM, LLIO Ma€e BMPaKEHY aHi3oTponito BracTMBOCTEN Y nep-
neHanKynapHoMy Ao oci Bupoby Hanpsmi [6 — 8].

[ns ogepxaHHA BUCOKOSIKICHUX ByrneLesunx supobis 6e3 Gpaky Bupilla-
NbHUM YMHHUKOM € BUTPUMKA TEXHOMOrYHOro pernamMeHTy, Lo BKIYae
BM3HauYeHi Adiana3oHn TemnepaTtypu pPi3HMX YaCcTWH NPEeCcOBOro iHCTPYMEHTY,
BEMUYMHN TUCKY N LUBUAKOCTI NpecyBaHHA. 3a3Buyan pernameHT npecyBaH-
HS BU3HAYaETLCHA EKCrepMMEHTarnbHUM LUNSIXOM Ha NigcTasi aHanisy Kinbko-
CTi 6pakoBaHuX BMpPOBIB.

HanuacrTiwe 6pak BUpOGHULTBA NPOSIBNAETLCA B TPILLUHAX Ta 3agmpax Yy
3aroToBkax. 3a HasBHOCTI 3a3HayeHux gedpekTiB y BUpoOi BiH Binbpakosy-
€TbCA Ta He Mae Ha nojanblly TepMiyHy 06pobKy, a NoapiGHIETLCS | BUKO-
PUCTOBYETLCA SIK CKMadoBa HaMOBHIOBAaYa iHLLOI MPOAyKLUii, Lo BUKNUKaE
O0oAaTKOBI BUTpaTU pecypciB Ta eHeprii.

MpuunHK, WO npu3BOAATL OO0 YTBOPEHHA AedekTiB y 3aroToBKax,
NnoB’A3aHi 3i CKragoM BYrreueBoi Macu, a came i3 BMICTOM 3B’A3yBaribHOro
Ta KPYMHICTIO YaCTMHOK HaMOBHIOBaya Ta 3 TeMnepaTypHUM PexvMmom npe-
COBOro iHCTpyMeHTy. 3asHaueHi bakTopu TiCHO MnoB’aA3aHi Mk coboto Ta
BNAMBalOTb OAUH Ha oaHoro [7, 8]. Tak, 3a 6inbLoro BMICTy 3B’A3yBanibHOro
B Maci Ana edekTMBHOro oopmMyBaHHA HEOOXIAHI AeLlo HKYi TeMnepaTypu
NpPecoBOro HCTPYMEHTY, Yepe3 MiABULLEeHY MNMNacTUYHICTb Ta WMOBIPHICTb
AedopmMyBaHHSA N BUKPUBNEHHS hopmu BMpoBy. 3 iHworo 6oky, neperpis yuun
He[orpiB NOBEPXHi MyHALITYKa NPU3BOAUTbL A0 rPagieHTy LUBUAKOCTI B 30HaX
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KOHTaKTy 3 Macol Ta YTBOPEHHIO TPILLWH, SIK Y NOB3A0BXHbOMY, Tak i none-
peyHoMy Hanpsimax. Tomy edekTuBHe Ta 6e3gedhekTHe MpecyBaHHsS rpyH-
TYETbCS Ha GanaHci M peornoriyHUMKN BNacTMBOCTAMU HAsiBHOI BYrneLeBoi
Macu Ta TEMnoBMM PEXUMOM MPECOBOro iHCTPYMEHTY, AKWUA OOCAraeTbCs
3aBASKM OOCBIAY TEXHOMOra Ta onepaTtopa BMPOOHULTBA.

[ns cdopmyBaHHA 3aroTOBOK BMKOPUCTOBYHOTb Pi3Hi 32 CBOEHD peuenTy-
poto Byrreuesi macu. BoHu cknapaloTbes 3i 38’A3yBanbHOro (Meku pisHoro
MOXOOXKEHHS) Ta HaNoBHIOBaYa (BYrneueBun CUMyYuin MaTepian — aHTpaLur,
KOKC, TepmoobpobneHa ByrneLesa CUpOBMHA TOLLO), LIO 3MiWyOTbCA A0
BMCOKOro CTyneHsi ogHopigHocTi. Peuentypa, a came BMICT 3B’A3yBanibHOro
Ta rpaHynoMeTpUYHUA CKrag HanoBHIOBa4ya, BU3HA4Yae TEXHOMOrYHUNA pe-
XUM npecyBaHHs [5].

HocnigxeHHsa isnyHUX npoueciB Ha NPOMUCIIOBOMY ObGnafHaHHI Ta B
peanbHWUX yMOBax BUpOOHMLTBa NOTpebye po3pobkum cneuianbHOi NnporpaMmu
eKCNepuMeHTY Ta BiAMOBIAHOrO BUMiptoBanbHoro obnagHaHHa. CknagHoLi
nig 4Yac NPoOBEeAEHHsI eKcnepuMeHTanbHUX OOocnigXeHb nonsrawTb Y Heob-
XiAHOCTi BMKOHYBATU BUMIPIOBAHHA TakUM YMHOM, W06 MiHIMi3yBaTn BNNvB
Ha pobouunn nNpouec Ta OTpUMaT MakCUMarnbHO MOBHY Ta Pi3HOGIYHY KapTu-
Hy s1BULL, WO BiaOyBatoTbCsA [2].

[ns npoBedeHHs ekcnepuMeHTanbHUX AocnimpkeHb obpaHo kKamnaHiio
npecyBaHHs BYrNeLeBOi MacK, XapaKTepUCTUKN SIKOT NpeacTaBrieHi B Tabn. 1.

Tabnuusi 1 — Cknag aocnigXyBaHUX 3paskiB ByrnewueBoi Macu

Bwmict HanosHioBau
3B'A3yBanbHOro, .
% CknagoBa HanoBHiOBa4a B“ﬂ/'f“
IpachiToBaHa Byrneuesa cuposuHa, dpakuis (0—10) am 70
27,642
padpiToBaHa ByrneveBa cupoBuHa, dpakuia (0-0,05) ym 30

[ns 3a3HayeHoi ByrneLeBoi Macu TEXHONOrYHUIA Npouec NPOBOAUTLCS
32 NEeBHOro TEXHOSOrYHOro pernaMmeHTy, Wo HaBeaeHun B Tabn. 2.

Tabnuus 2 — TexHoNoriYyHUNM pernameHT
AnNsi eKcrnepuMeHTanbHOI KaMnaHii npecyBaHHsA

Mapametp 3HayeHHs
TemnepaTypa B MacHoMy umniHapi, °C 105-120
TemnepaTypa B 3axigHili YacTuHi MyHAWTYKA, °C 115-150
TemnepaTypa B kanibpyBanbHili YacTuHi MyHALWTYKA, °C 115-150
Twuck nignpecoBku, Mlla 2012
Yac nignpecoBku, xs 3-5
Twuck npecyBaHHs, Mlla 2-6, makc. 9
LLBnakicTe NpecyBaHHs, m/x6 0,7-1,0
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LtaTHe BuMmiptoBanbHe obnagHaHHA Ha NPecOoBOMY iHCTPYMEHTI npea-
CTaBMNeHoO BaTMETpaMu AN BCIX €NeKTPUYHMX HarpiBHUKIB (MOxmbka BUMI-
ptoBaHHs +0,1 %); eNnekTpOHHWUIA 4aTYMK BUMIPIOBAHHS TUCKY (MOXMOKa BUMI-
ptoBaHHs +0,5-1 %); xpomenb-antomenesuMmn Tepmonapamu (noxmbka Bu-
miptoBaHHs 1,5 °C) [3, 9]. Cxema po3MiLLeHHS LUTaTHUX Tepmonap B KOPMyci
MYHALLUTYKa nokasaHa Ha puc. 2.

14 1.3 1.2
1.5

1.1

Puc. 2 — Cxema npecoBoro iHCTPyMeHTy Ansi (popMyBaHHs ByrneLeBoi Macu
MeTOAOoM eKCTpy3ii: T. 1 — T. 11 — HymepaLifl WTaTHUX TEPMOMETPUYHMUX AaTUYUKIB

TpuBanicTb kamnaHii npecyBaHHa cknagae noHag 10 gi6. BoHa noynHa-
€TbCH i3 3aBepLUEHHS 3MiLLYBaHHS HEOBXIAHOT KiNbKOCTi MacK, napanernbHo 3
uum BiabyBaeTbCH po3irpiB NpecoBoro iHCTPyMeHTy. [ani, Mmaca 3aBaHTaxy-
€TbCA B MaCHWN UuUNiHAP, NiANPEcoBYETLCA Ta (POPMYETHCS Yy 3arOTOBKU —
ue oavH eTan npecyBaHHs. [laHui LUK NPOAOBXYETbCA B 3aNEXHOCTI Bif
notpeb Ta nnaHy BMpobHuuTBa [1].

ExkcnepvMeHTanbHi OCnio)KeHHs1 NpoBedeHi ANnst YoTMpbox 6e3bpakoBunx
eTaniB B cepeanHi kamnaii npecyBaHHs, TO6TO ANs YOTMPbOX 3aBaHTaXeHb
MacHOro uuningpa.

Ha puc. 3 npeacrtaBneHo rpadik 3MiHM 3 Yacom TUCKY MiANPecoBKM Ta
BrnacHe npecyBaHHs. Cipym KONbOpPOM BiaAiNeHo etan npecyBaHHs.

5

(8]

38}

Tuck, Mlla
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Puc. 3 — 'padbik 3MmiHM TUCKY BNpOAOBX YOTUPbLOX eTaniB NpecyBaHHs
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[na pocnigHoi kamnaHii TUCK NigNPeCcoBKN Ha pi3HMX i eTanax cknagae
20,4—20,8 MIla. MNMepLlua 3aroToBKa (po3nap) npecyetbes 3 Tnckom 1,4—2,1 Mila,
a TUCK npecyBaHHSA 3aroToBok — 2,1-2,6 MIla. 3 npefcTaBneHux AaHUX
BMOHO, LLO eTany npecyBaHHS nepenye nignpecoBka i3 3HaYHUM npuknage-
HUM 3ycuUnnsam Ansa yuwlinbHeHHsa BYyrreueBoi Macu. BnacHe etan npecysaH-
HS MOYMHAETLCHA 3 BMOABIIOBAHHS MEpLUOi 3aroToBKM (po3nap) i3 MEHLLMWM,
Hi>XX HOpManbHUM Ans npouecy 3ycunnam. Lle nos’asaHo 3 Tum, LWo po3nap €
neperpiTum martepianiom, a OTKe Mae MeHLUY B'a3KiCTb Ta KoedilieHT TepTs
06 MyHALWTYK. KpiM TOro, B HeOMY MPUCYTHIN MaTepian 3 MUHYNOro 3aBaH-
Ta@XEHHs MAacHOro UMmiHApa, WO HeraTMBHO BMIMBAE HA SKICTb 3aroTOBOK.
Po3snap B3arani BBaxkaetbcs 6pakom, TOMy i He de B nofanblue BUPOOHULITBO.

EnekTpu4HMIN HarpiBHWK MacHOro uuniHapa Mae NoTYXHICTb 6ina 22 kBm
Ta npaule B aBTOMATUYHOMY PEXUMI, O KOHTPOMIETLCA OATYMKOM TEM-
nepatypu 1 3 HanawTyBaHHSAM 3HayeHb Yy AianasoHi 114-116 °C. padik
3MiHM eNEeKTPUYHOI NOTYXXHOCTI Ta TeMnepaTypu, L0 BUMIPIOETLCA B MaCHO-
MYy LuniHApi, NokasaHo Ha puc. 4.
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Puc. 4 — I'pacik 3MiHM eneKkTPMUUHOI NOTYXXHOCTi Ta TemnepaTypum
AN MacHoro uuniHapa:
1 — eneKkTpMYHa NOTYXHiCTb; 2 — TemMnepaTtypa B T. 1

3MiHa eneKTPMYHOI MOTYXXHOCTI Ta TemnepaTypy B KOHTPOSIbOBaHUX TOY-
Kax 3axigHoi YaCTMHU MyHOWTYKa nokasaHa Ha puc. 5. HarpiBHuk 3axigHoi
YaCTUHU BMUKAETLCA OMNepaTopoM Micns 3aBepLuieHHs nignpecosku. Voro
NOTYXHICTb cknagae 32-34 xBm. [ani, cuctema aBTOMaTWKNU KOHTPOJIOE
pobOoTy HarpiBHMKa Ha nigcTaBi MokasaHb TepmoaTtyuka T. 2, 3HAYEHHS
SIKOro NoBuHHI 6yTn B gianasoHi 134—136 °C, Tomy BiH BMVKAeTbCA nepiogu-
YHO. Yepes3 neBHUI Yac Nicnsa 3aBepLUeHHSA eTarny MNpecyBaHHS HarpiBHWK
BMMUWKaETLCH A0 HACTYNHOrO LIKITY.

Temnepatypa noBepxHi 3axigHOI YacTuHM MyHAwWTyKa (T. 3) Xapakrtepu-
3yl0TbCSl 3HAYHOKO iHEPTHICTIO BiANOBIAHO A0 TemnepaTypu B T. 2. TOMy Mak-
cumanbHe 3HadeHHs 6ina 125 °C cnoctepiraetbCa B NPOMiKKax Mix eTana-
MK npecyBaHHA. [ig Yac dopmyBaHHS 3aroTOBOK TemnepaTypa MOBEepXHi
3axigHol YacTVHU MyHALITYKA 3HaXoAuTbCA B Aiana3oHi 121-123 °C.
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3MiHa eneKTPMYHOI NOTYXXHOCTI Ta TemMnepaTypu B KOHTPOSIbOBaHUX TOY-
Kax kanibpyBanbHOi 4YaCTMHM MYyHALWITYKa MnokasaHa Ha pwuc. 6. KoHTponb
pob0TN HarpiBHUKA BUMKOHYETLCH aBTOMAaTUYHO, BUXOAAYM i3 NMoKasaHb TeM-
nepaTtypHux OatyukiB T.4 Ta T. 5, NOTYXHICTb Akoro cknapae 44—47 kBm.
Cuctema aBTOMaTUKM BMUKAE HarpiBHWK 3a YMOBU OOCATHEHHS TemnepaTy-
pn 123 °C B T1. 5, a BuMukae npu 134 °C 3a nokazamu gatyuka T. 4.
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Puc. 5 — 'pacbik 3MiHM eneKTPUYHOI NOTYXKHOCTI Ta TemnepaTypu

B KOHTPONbOBAHUX TOYKaX 3axifAHOI YaCTUHU MYHALUTYKa:
1 — eneKkTpMYHa NOTYXHiCTb; 2 — TeMnepaTtypa B T. 2; 3 — TemnepaTypaBT. 3
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Puc. 6 — 'pacpik 3MiHM eneKTPUYHOI NOTYXKHOCTI Ta TemnepaTypu
B KOHTPONbOBaHUX TOYKax KaniopyBanbHOI YaCTUHU MYHALUTYKa:
1 — eneKkTpMYHa NOTYXHiCTb; 2 — TeMnepaTtypa B T. 4; 3 — TemnepaTypaBT. 5

Takuin pexum poboTn Npn3BoAMTbL A0 TOro, WO Mif Yac npecyBaHHA Crno-
CTepiraeTbCA 3HWKEHHA TemnepaTypu MNOBepxHi KanibpysBanbHOI 4acTuUHU
MyHALWITYKa Yepe3 TennoobmiH i3 Macot, sika pyxaetbcs. Temnepatypa B T. 5
BMPOJOBX MpecyBaHHs 3MiHIOETLCS B 128 °C fo 122 °C, a Bxe nicrns 3aBepLUeHHs
opMyBaHHS 3aroTOBOK NMOYMHAETLCSA HarpiBaHHA NoBepxHi Ao 128—129 °C.

[opaTtkosi HarpiBHWUKW, SIKi BCTAHOBIEHI MO KyTax kaHany kaniépysanbHOT
YaCTUHU MYHALITYKA, NPU3HAYeHi ANA 3HUXKEHHS BMMMBY TEMNMOBUX KYTOBMX
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edekTiB. CucteMa aBTOMaTVKM NIATPUMYE CTanui piBeHb TemnepaTtypu B
fianasoHi 115—120 °C 3a nokasamu Tepmonap T. 6—9. MoTyXHiCTb JoaaTKo-
BWX HarpiBHWKiB cknagae 1,8 kBm. Ha puc. 7 nokasaHo 3miHy TemnepaTypu B
T. 6—9 BNpOAOBX eKcnepuMeHTanbHOi KamnaHii npecyBaHHs.

MokasaHHA Tepmonap, po3TallOBaHMX Ha BEPXHiA Ta HUXKHIN NOBEPXHAX
kanibpysanbHoi YacTuHM MyHawTyka (T. 10, 11), npeacTasneHo Ha puc. 8.
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Puc. 7 — 'pacbik 3miHM TemnepaTypu B Toukax 6infl 4oAaTKOBUX HarpiBHUKIB:
1-1.6;2-71.7;3-71.8;4-71.9
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Puc. 8 — M'padik 3MiHM TemnepaTypu Ha BepXHii Ta HUXHi NOBEPXHAX
kaniopyBanbHOi YacTMHU MyHAwTykKa: 1 -1.10; 2 - T1. 11

3 HaBegeHUX AdaHuX BUMMMBAE, WO TemnepaTypa BUXIAHOI MOBEpPXHi
MYHALUTYKa 3anexuTb Big poboTW O0O4ATKOBMX HarpiBHUKIB Ta Bif npouecy
TennoobmiHy Mk Macolo, WO pyxaeTbCHd, Ta CTiHKAMW NPecoBOro iHCTpYy-
MeHTy. Kpim TOro, iCTOTHWI BNVB Ha TEMNMOBMIN peXNM Mae MacuBHa NnuTa,
LLIO 3aKpMBaE BUXIOHUA OTBIP MYHALITYKa NiCNA 3aKiHYEHHs1 NpecyBaHHA Ta
00 KiHUSA nignpecoBkW. Tak, IHTEHCUBHWUI PICT Ta NadiHHA Temnepatypu y
T. 10, 11 B MpoMixXKax yacy Mix NpecyBaHHAM MOB’A3aHWI came i3 Tennooob-
MiHOM MDK rapsiymm MyHALTYKOM Ta BinbLU XONOAHOK NIUTOHO.

PisHnusa no temnepatypi MiX CMMETPUYHO pO3TallOBaHWMMW AaT4yuvKamu
Moxe OyTn nos’sA3aHa 3 pi3HUMM ymMOBaM TenrnoobMmiHy: BepxHs 4acTuHa
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MyHALWTYKa (T. 10) OXONOAXYETLCA BIMBHOK KOHBEKLIEID; HWKHSA YacTuHa
MyHAWTYKa (T. 11) € Binblu i30MbOBAHOI0 Yepe3 KOHCTPYKTUBHI enemMeHTH

NpPecoBOro iHCTPYMEHTY.

Brnpogosx AocnigXyBaHO! kamnaHii NpecyBaHHs OTPUMaHO AKICHI Byrne-
ueBi 3arotoBku 6e3 gedekTiB, WO CBiAYUTb MPO MOXIMBICTb 3aCTOCYBaHHS

[0aHOro pernamMmeHTty.

MpencTtaBneHi Ha puc. 3 — 8 AaHi BkasylTb Ha LMKNIYHICTL npouecy
opMyBaHHA 4Yepe3 MYHALWTYK, WO [ae nigcTaBy AN OCepefHeHHs Ta
npeacTaBneHHs pesynbTaTiB Yy BUMsAAi pernamMeHTy NpoBeAeHHs eTtany

npecyBaHHs B 6e3po3mipHini popmi 3a yacom (puc. 9 — 11).
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Puc. 9 — PernameHT eTany npecyBaHHA B 6e3po3MipHin dopmi 3a yacom,
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Puc. 10 — PernameHT eTany npecyBaHHs1 B 6e3po3mMipHin popmi 3a yacom,
erNeKTPUYHa NOTYXHIiCTb: 1 — NOTYXHiCTb HarpiBHUKa MacHoOro LuniHapa;
2 — NOTYXHiCTb HarpiBHUKa 3axiAHOI YaCTUHM MYHALUTYKA;

3 — NoTyXHiCTb HarpiBHUKa KanibpyBanbHOI YaCTUHU MYHALUTYKa
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Puc. 11 — PernameHT eTany npecyBaHHs1 B 6e3po3MipHin popmi 3a yacom,
TeMnepaTypa WTaTHAX TOYOK BUMIPIOBaHHS:
1-1.1,2-71.2;3-71.3;4-1.4;5-1.5;6-1.6-9; 7—-1.10, 11

BucHoBkun. OTpumaHi 3aneXxHoCTi TEXHOMNOrYHMX NapameTpiB Ta Mnokas-
HWKIB NpoLecy npecyBaHHA, HeobxiaHi Ana anpobadii Ta Bepudikadii ymucno-
BMX Mogenen npouecy opMyBaHHs ByrfneLeBmx 3aroTOBOK METOAOM €KCT-
pys3ii Yepes MyHALLTYK.

B pesynbTati NnpoBeAeHUX ekcrnepuMeHTanbHUX ocnigXeHb TeMnepary-
PHOrO CTaHy MPecoBOro iHCTPYMEHTY Ta BYINeLeBoi Macyu BU3HAYEHO, LLO
npouec POpMyBaHHS Y MPOMMUCIIOBOMY Mpeci Mae BUPAXEHUA LIUKIIYHUNA
xapakTtep. [ocnigpkeHo 3B'A30K MK nNapameTrpamu noyatky i KiHUS PisHMX
eTaniB npecyBaHHA Ta BCTaAHOBMEHO, WO ANA npoBefeHHst 6e36akoBoro
npouecy NpecyBaHHS BKpai BaXKITMBMM € MOHITOPUHI Ta KOHTPOJb TEXHOJIO0-
riYHUX NapamMeTpiB Ha BCbOMY nepiofi BUPOBHMYOro LIMKNY, BKMAKOYa4M Yac
MPOCTOIO NPECY Ha 3aBaHTaXXeHHS HOBOI MopLii ByrneLesoi Mmacu.
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AKCMNMEPUMEHTAJIbHOE UCCINEAOBAHUE NMPOLIECCA
dOPMUPOBAHUA YITMEPOOHbIX U3OENUUA METOOOM
NMPECCOBAHUA HA NPOMbILUNEHHOM OBOPYOOBAHUA

MNpoBeAeHbl 3KCMepUMeHTaNnbHbie WCCNeaoBaHUsi npouecca (POpPMUPOBaHUSA
KpynHorabapuTHON yrrnepoaHoy NpoayKuMn MeTOAOM 3KCTPY3UM Ha NPOMbLILLIIEHHOM
NpeccoBOM MHCTpyMeHTe. OnpeaerneHbl OCHOBHbLIE TEXHONMOrMYECKMe napameTpbl U
nokasaTenu npouecca 3KCTPy3uM (OaBneHue, 3MeKTPMUYecKkasi MOLWHOCTL HarpesaTtenei,
TemnepaTypbl B pasHbIX 30HaX NPECCOBOro MHCTPYMEHTa) M WUCCNeAoBaHO WX
UMKNMYECKoe UW3MeHeHMe BO BpeMsi KamnaHuu npeccoBaHusi. Ha ocHoge
3KCMEePUMEHTamNbHbLIX AaHHbIX MOJIYYEHO YCPEeAHEeHHbIN perrnamMeHT NpPeccoBaHus
yrrepoamucTon macchl B 6e3pasMmepHoii (popmMe no BpemeHu.

Knroueenie croea: yanepoducmasi macca, 31eKkmpoOHbIe 3a20MOeKU, 3KCMPY3us,
¢hopmupoeaHue, npeccogaHue, IKCnepuUMeHmarbHble UCCIe008aHUs!.

T. V. Lazariev, PhD (Tech.), A. Ya. Karvatskii, Dr. Sci. (Tech.),
S. Leleka, PhD (Tech.), A. Yu. Pedchenko

EXPERIMENTAL RESEARCH OF THE PROCESS OF CARBON
MATERIAL FORMING WITH THE USAGE OF PRESSING METHOD
IN INDUSTRIAL EQUIPMENT

Experimental research of the formation process of large size carbon products
with the method of extrusion in industrial pressing equipment is held. Basic
technological parameters and values of extrusion process (pressure, electrical
power of heaters, temperature in different areas of pressing equipment) are defined
and their cyclic changes during the process are investigated. Average pressing
technological regime of carbon materials was obtained on the basis of experimental data.

Keywords: carbon mass, electrode feed, extrusion, forming, pressing, experimental
research.

Molding hydraulic system has power around 60 MH, which is delivered
by the plunger to mass. Premolding is held under 20+2 MPa and recom-
mended range of molding is 2—6 MPa.

There are some reasons, which lead to defects in workpieces. These
reasons are connected with carbon mass composition, particularly, with the
presence of binding material, with the size of filler particles and with the
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temperature mode of molding instrument. Effective and non-defect molding
is based on the balance between rheological properties of the present car-
bon mass and temperature mode of molding instrument.

Molding campaign was chosen for conducting experimental researches.
Characteristics of the process are introduced in the Table 1.

Table 1 — Composition of investigated samples of carbon mass

The content of binding, Filler
% Filler components Contents, %
Graphitized carbon materials, grading 70
fraction (0-10) mm
27,62
Graphitized carbon materials, grading 30

fraction (0-0,05) mm

Technological process for the given carbon mass is held under definite
specification, which is described in the Table 2.

Table 2 — Technological specification for experimental molding campaign

Parameter Value
The temperature in the mass extruding cylinder, °C 105-120
The temperature in the incoming part of the die carrier, °C 115-150
The temperature in the calibration part of the die carrier, °C 115-150
Premolding pressure, MPa 20+2
Premolding time, min 3-5
Molding pressure, MPa 2-6, max. 9
Molding speed, m/min 0,7-1,0

The scheme of state thermal elements location in the die carrier case is
introduced in the Fig. 1.

The duration of the molding process is more than 10 days. Experimental
researches were held for 4 non-defect stages in the middle of the process
that is during loading of mass cylinder.

Premolding pressure on the different stages of the process varied from
20,4 to 20,8 MPa. The first workbench underwent molding under 1,4-2,1 MPa. It
is clear that premolding is held before molding stage with significant power
for carbon mass compression.

Fig. 2 describes the graphic of the pressure change during premolding
and molding dependence on time. Molding stage is marked with grey color.

Received experimental data show cyclic character of the process of for-
mation through die carrier. It enables us to perform average result and cre-
ate specification of premolding stage in dimensionless form depending on
time (Fig. 3, 4).
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Fig. 1 — The scheme of molding instrument for carbon mass formation
using the extrusion method: p. 1 — p. 11 — numeration of thermal sensors
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Fig. 2 — Specification of premolding stage in dimensionless form depending on time,
molding pressure
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Fig. 3 — Specification of premolding stage in dimensionless form depending on time,
temperature measure point:
1-p.1;2-p.2;3-p.3;4-p.4;5-p.5;6—-p.6-9; 7-p. 10, 11
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Fig. 4 — Specification of premolding stage in dimensionless form depending on time,
electrical power: 1 — heater power of mass cylinder; 2 — heater power of western part
of die carrier; 3 — heater power of calibration part of die carrier

The heater of the incoming part is switched on by the operator after
premolding is finished. Its power compiles 32-34 x . Then automation sys-
tem controls heater performance with the help of thermal sensor p. 2. The
values of the sensor must be between 134-136 °C. That is the reason why it
is switched on regularly.

Covering temperature of the incoming part of the die carrier (p. 3) is
characterized by significant inertia depending on the temperature according
to sensors values p. 2. That is why the maximum value around 125 °C is ob-
served between stages of premolding. During the process of workpieces forma-
tion the temperature in the incoming part of die carrier varies from 121 to 123 °C.

Heater control of calibration part of die carrier, the power of which is 44—
47 kW, is done automatically on the basis of thermal sensors p. 4 and p. 5.
The system switches the heater on if temperature reaches 123 °C and
switches it off if it reaches 134 °C. Such working mode leads to temperature
drop during molding as a result of mass heat exchange.

Additional heaters, equipped in the corners of calibration part of die
carrier, are used to decrease the influence of thermal corner effects. The
system maintains stable temperature level 115-120 °C according to
thermocouples values of p. 5, 6. The power of additional heaters is 1,8 k.

Solid tile, which covers outlet of die carrier after molding is finished, has a
significant influence on thermal mode. Intensive increase and sudden drop
of the temperature (according to sensors values of p. 10, 11) was connected
with thermal exchange between die carrier and cooler solid tile.

Conclusions. As a result of the held researches of temperature state of
molding instrument and carbon mass it was found out that the formation pro-
cess in molding had cyclic character. The connection between parameters of the
start and end of different molding stages was investigated. It was found out that
monitoring and control of technical parameters during the whole industrial
cycle were highly important in order to achieve non-defect molding process.
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