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JIHIMpOBCHKMI Nep kaBHUI TeXHIYHUHN yHIBepcuTeT, Kam’sHchKe

JOCIIIZKEHHSA TAPAMETPIB ITIOAPIBHIOBAYA KOMBIHOBAHOI'O
I3 HTHEKOBUM TPAHCIIOPTEPOM

Ob6'exmom 00CniONCeHHsT € BUBUEHHST NPoYecy NOOPIOHEHHs Memanedoi CmpyjdcKu nio uac
MPAHCNOPIMYBAHHS WIHEKOBUM KOHBEEPOM 30 YMOBU GUKOPUCMAHHA CRITLHO20 NpUsody 0is oOMe-
JHCeHHs eHepeosumpam. 3anponoHO8aAHA HOBA PO3PAXYHKOBA CXEMA HONCOBOI OpoOApPKU 3 MEMOI0 eKo-
HOMII eéHep2OCnONCUBAHHS MA PeCypCo30epedicents Npu HeGUKOPUCANHI OKpeMOo20 ddicepena eHepei.
Ananiz pesyniomamis 00CAiONHCEHHS NOKA3A8, WO HEOOCMAMHbLO 00CAI0NCEHT MEXHON02I] BUKOPUCAH-
HSl CHIIbHO20 0Jcepena NOMYMICHOCHI 015l OeKIIbKOX PIZHUX 000AMKOSUX Onepayiti 00NoOMINHCHO20 00-
JIAOHAHHS MEXAHIYHUX SUPOOHUYME ma nionpuemcms. Y pobomi HABOOSMbCA MeopemuyHi 00Cui-
02iCEHHsL NO GUSHAYEHHIO Oii MOMEHMIB 6 PIZHUX NIOWUHAX, AKI BUSHAUATOMb CKAAO08] eNUUUHU PO-
bomu, 000amKOBUX KoeiyleHmie ma po3PaAxXyHKOSUX NHOMYAHCHOCmeEU npusody 0iisi 3abe3nevuents no-
mpeb Opobapxu. Hasoosmucs pexomenoayii 01 npoexmy8ants, pO3PaxyHKy ma HPOMUCIO8020 UKO-
pucmarus 0podbapok Ho#cosoi Oii. Buxopucmosyouu po3pobieHi Memoouku i pekomeHoayii, GUKOHA-
HO PO3PAXYHOK 6CIX HeOOXIOHUX efleMeHmi8 KOMNJIEKCHOI cucmemu mpaHcnopmyeanus i nepepooxu
cmpysicKu 0151 YMO8 MexaHiunux nionpuemcms. Buxopucmanns onucanoi memoouxu 00360715€ GUKO-
pUcmosygamu indCeHepHi po3paxyHKu OJis UPIUEHHS MEeXHOIO0TUHUX 3A0aY NPOEKMY8AHHS A KOHC-
MPYIOGAHHS 0ONAOHANHHS ACPOEXHIUHO020 MA CIbCLKO2OCHOOAPCHKO20 HANPAMKIG.

Knrwowuosi cnosa: cmpysicka; noopiOHeHHs; MpaHCROPmYy8anHs, UWIHEKOBUL KOHBEEP.

The object of the study is the study of the process of grinding metal shavings during transpor-
tation by a screw conveyor under the condition of using a common drive in order not to increase en-
ergy consumption. A new calculation scheme of the knife crusher is proposed with the aim of saving
energy consumption and saving resources when not using a separate energy source. The analysis of
the research results showed that the technologies of using a common power source for several differ-
ent additional operations of auxiliary equipment of mechanical industries and enterprises have not
been sufficiently researched. The work presents theoretical studies on determining the action of mo-
ments in different planes, which determine the component values of work, additional coefficients and
calculated power of the drive to meet the needs of the crusher. Recommendations are given for the
design, calculation and industrial use of knife crushers. Using the developed methods and recommen-
dations, the calculation of all the necessary elements of the complex system of transportation and
processing of chips for the conditions of mechanical enterprises was performed. The use of the de-
scribed methodology allows you to use engineering calculations to solve the technological problems of
designing and constructing equipment in agrotechnical and agricultural areas.

Keywords: chips,; grinding; transportation; screw conveyor.

IHocTanoBka mpo0JemMn
BukopucTaHHS KOHBEEPHOI'O TPAHCIIOPTY AJSl MEPEMIllEHHA BiIXOAIB MEXaHIYHHX BHPOO-
HULTB 00YMOBJICHE TEXHOJIOTTYHUMH OCOOIMBOCTSIMU KOXKHOTO BHLY TPAHCIIOPTEPIB.
Bepyun nmo yBaru aHaini3 mepeBar Ta HEHOJIKIB KOHCTPYKUIN Pi3HUX THUIIB KOHBEEPIB, MAEMO
HaiOUIbIly e(eKTUBHICTh Y IIHEKOBUX TpaHcmopTepiB [1—9]. OpHak roJOBHUM HENOTIKOM IIHOTO
TUIY € CKJIAJHICTD y MepeMilleHH] 3IMBHOI CTPYKKH. BUpIlIEHHSM [IbOTr0 3aBIaHHSA € MOMEpEaHE TO-
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JpiOHEHHsI TPAaHCIIOPTOBAHOTO MaTepiany 3a IOMOMOror JpolapokK. AJie 3alUIIaeThCA TOJOBHA MPO-
OnemMa — eHepreTHYHa CKJIaJ0Ba BUKOPUCTAHHS JOJATKOBOTO OONAagHAHHSA, K EIEMEHT 30UIbIIeHHS
BapTOCTi KIHIIEBOTO TIPOJIYKTY.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta mMyOJrikanii

[IpoBiBmM aHami3 obmagHAHHS AJS MIATOTOBKU CTPYKKH O TPAHCIOPTYBAaHHS, BHU3HAYCHO,
10 MPOMUCIIOBICTIO BUITYCKA€THCS KiIbKA THUMIB 1 MOAMQIKaLiil CTPYKKO mepepoOIoBaHOro odiai-
HaHH 1 arperatiB [1—3]. e Oinplna KibKiCTh HARPI3SHOMAHITHIIIHMX CTPYKKO MOJAPiIOHIOBAYiB CTBO-
PEHO 1 CTBOPIOETHCS KOHCTPYKTOPCHKUMHM BiAIIaMU HA MiANPUEMCTBAX, € YTBOPIOETHCS BEIHKA Ki-
JIBKICTB CTPYKKH [4—6]. Bce pisHOMaHITTS icHYI04Oro o0JIaHaHHS AT MOAPIOHEHHS CTPYKKH MOXK-
Ha Kr1acu(iKyBaTH Ha HACTYIHI TPYIH: CTPY)KKOAPOOApKH HOXOBI BaJKOBi (OJHO- 1 ABOX BAaJIKOBi),
HOXOBI 3-X 1 4-X BaJIKOBi, KOHYCHI Ta MOJIOTKOBI. cepe]] BU3HAUCHUX I'PYyNl HE BU3HAUCHO HAHOLIBII
JOLTBHUI THUT MOApiOHIOBayYa, OCKUIBKM HEOOXi1THO BapiloBaTH JEKibKa MapaMerpiB oOnagHaHHS
i1 KOHKPETHI BUpoOHUYi BuMoru [7—9].

DopMyTIOBAHHS METH T0CTITKEHHS

Meroro poboTH € BU3HaYaHHs e()EeKTHBHOTO METOy MOAPIOHEHHS CTPYKKH 0 HpOLecy Tpa-
HCTIOPTYBaHHSI 32 YMOB €HEPreTHYHO! AOLUIFHOCTI BUKOPHCTAHHS AONATKOBOro obnanHaHHA. [lis
JIOCSTHEHHS METH POOOTH HEOOXiTHO BUPILIUTH TaKi 3aadi:

- BU3HAYUTH Haile eKTUBHIIINK BUA PYHHYBaHHS METAIEBOI CTPYKKH;
- BU3HAYUTH THI APOOAPOK, KUl HAHOLIBII AKICHO 3a0€3Me4yI0 MPOLEC CTPYKKO MOAPIOHEHHS;
- BU3HAYUTH JOLIBHICTE BUKOPUCTAHHS 00’ € IHAHOTO IIPUBOLY.

Bukiiax ocHoBHOrO MaTepianay

HoxoBa npobapka Mae HU3bKY €EeKTUBHICTD 3aXOIUICHHS OKPEMHUX BHUTKIB CTPYKKU Ta Majy
YHIBEepCaJbHICTh MPH MEpexoi Ha MOApiOHEHHSI CTPYKOK PI3HMX Mapok cranei i crmasiB. OgHaK,
BIZICYTHICTh JHA B il KOHCTPYKIiI HE 103BOJISE BUXOAUTH 3 30HU MOAPIOHEHHS CTPYXKI Ta IPOCKAKY-
BaTH (IIPOBAJIIOBATHCS) OKPEMHUMHU BUTKAMH CTPY>KKH 0e3 MopiOHEHHS.

VY 3-x 1 4-x BaJIKOBHX JpoOapkax Mpolec pyiHHyBaHHs (MOAPIOHEHHS) CTPYKKH BiIOYBa€ThCS
B KiyibKa eramniB. OCHOBHOIO eopMalli€lo pyiiHyBaHHS B Jpo0apKax Li€i TpynH € po3pHB IpH HE3HA-
YHOMY PO3pi3yBaHHI Ha OCTaHHIX MAa0sX moapiOHeHHA. [lo HEMOMiKiB HOKOBUX CTPY)KKO ApodapKax
NepIIoi rpynu B ApodapKax LBOTo Kiacy I0JAI0ThCs BEIHKAa METAIOEMHICTh, EHEPTOEMHICTh Ta CKJIa-
JTHICTb PEMOHTY T4 MOHTaXYy.

VY mpoMHUCIIOBOCTI 3aCTOCOBYIOTBCS TaKOK KOHYCHi ApoOapku. [Ipu obepraHHi cTpyKKa 3ax0-
TUTIOETBCSL Ta 3aTATAETHCS BCEPEANHY KOPITyCy, Jle BOHA YIMJISAETHCS 3a pisli 1 pyiiHyeTbesl. OCHOBHOIO
pyiHiBHOIO AedopMarti€to HuxX Ipodapok € po3puB i 3MuHaHH. OJHAK, IPU HEONTUMAaJIbHUX rabapu-
THUX PO3Mipax BUHUKAIOTh 3YCUIUIS, SIKI 3TMHAIOTH LIEHTPAIbHUI MPOBITHUN Baj 1 MEPEKUAAI0Th APO-
Oapky. 3acTocyBaHHS KOHYCHOI nepenadi o0epToBoro MoMeHTy 3HmkyoTs KK/, Tak sik:

- Oynp-siKe KOHYCHE 3a4ellJICHHS! CTBOPIOE PO3MIPHI CHIIH, SKi PYHHYIOTH HIECTEpPHI;

- TpW BENHKHX AiaMeTpax 3y04acTHX KOJIC B HUX YTBOPIOIOTHCS JY)KE BEIHKI 3yCHIUIS 1 K CIiACTBO
3TUHAETHCA TIO3JOBXKHIN Ba;

- 332 PaXyHOK OJJHOCTOPOHHBOTI'O HAaBAaHTAXEHHS BEPTUKAIBHOIO Bajla 3yCHIUISIMH PyHHYBaHHS CTPYXK-
KM BUHHMKAIOTh CKCLEHTPUYHI 3yCHJUISL ONOPHHUX MeXaHi3MiB apobapku. Lle mpu3BoauTh 10 TOro, 110
Hapyrd Ha MPUBOAHOMY Bajly MarOTh 3HAKO3MIHHY BEIHYHHY 1 3aJ1€XaTh BiJ Jy:Ke BEIUKOI KUTBKOCTI
¢axTopiB.

Jpobapka MONOTKOBa CKIIaJa€ThCs 13 3BapHOI paMu, B SIKiil 3HAXOAUTHCA HAOIp 3HOCOCTIHKUX
MO3JIOBXKHIX OPYCKiB y BUIISIII KOJTOCHUKOBUX I'paT. OCHOBHUM JPOOOBHUM EJIEMEHTOM € POTOp 3 MO-
JIOTKaMH, 110 00epTaEThCs HaJl IpaTaMH, BUKOHAHOI y BUTJISIAI MiBKOJA. 3aBaHTa)KEHHS CTPY)KKH Bil-
OyBaeThcs 3BepxXy. JpoOneHnii Matepian MoTparsie Ha POTOp, 3aXOILUTIOETHCA MOJOTKAMH 1 pyiHY-
€Tbesl 10 THY perriTku. OCHOBOIO pyHHIBHOI AedopMalii ApodapoK HBOTO THITY € 3SMHUHAHHS Ta PO3PUB
IpH BeNUKOMY cTupaHHi. [lonpiOHeHa cTpyXKa MPOKUAAETHCS Yepe3 OTBIp y AHI mia Apodapky. po-
Oapku 1iel rpynu XapakTepu3yIOThC HU3bKOIO POAYKTHBHICTIO, BEJTMKOIO EHEPrOEMHICTIO, HU3BKOIO
AKICTIO MOJPiIOHEHHS MPOAYKTY, MIBUAKUM BUXOIOM 3 Jaay MosoTkiB. [IpuBia apobapok mporo Tuiy
noTpedye BENUKOI MOTYKHOCT1, [0 00YMOBJICHA TEPTSAM CTPYKKH I10 JHY.
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Jis moapiOHEHHsI 3TUBHOI CTPYKKH MPOIMOHYEThCS BHKOPHCTAHHS HOXOBOI IPOOapKH, sKa
MPAIIIOE MO KIHEMAaTHYHIM CXeMi HOXKUIII 13 3aTy4eHHSIM KPYTHOI'O MOMEHTY, OTPUMAHOTO Bijl IPUBOILY
KOHBEEPY Yepe3 Bajl BiOOpPY MOTYXKHOCTI, 10 3a0e3Meuyr0 3HUKCHHSI CHEPTrOCIIOKUBAHHS Ta €KOHO-
Mii pecypciB 3a paxyHOK BiICyTHOCTI BUKOPHCTaHHS OKPEMOro jKepena moTyxHocTi. [ToapiOoHeHHs
CTPYXKKH JpoOapKaMul € OJHUM 3 OCHOBHUX HAWOUTBIN e()eKTUBHUX CHOCOOIB IMiATOTOBIICHHS MaTepi-
ay JUIs TPAaHCIIOPTYBaHHS Ta MOJANBIIOI TEPePOOKU. XapaKTEPHOI OCOOIUBICTIO AP0OapPOK HOKOBO-
T'O TUITYy € PO3TAIIyBaHHS HEPYXOMOI'0 HIDKHBOTO Ta PyXOMOI'O BEPXHBOTO HOXKA Ha PYXOMii 4acTUHI
IpobapKwy.

PosrnssHeMo po3paxyHKOBY cxeMy POOOTH HOXOBOI JPOOAPKH i3 3alydeHHSIM KPYTHOT'O MO-
MEHTY, OTPHUMAaHOTO BiJl IPUBOAY KOHBEEPY Uepe3 Bas BigOOpy NOTyx)HOCTI (puc. 1).
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Puc. 1. PozpaxyHkoBa cxema HOKOBOI Jpo0apKu
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Koe(iLliEHT TOYaTKy pPO3PUBY, II0 XapaKTEPU3Y€E BEIUUMHY 3arTHOIICHHS HOXKIB y XOJOAHY CTallb; A
— BHCOTA (TOBILHMHA) CTPYXKKH, M; )y, — MeXa MILHOCTI MeTally; o — KyT HaXUJly BEpXHbOI'O HOXa,

pan.
OxpiM 3ycwiisl pi3aHHs, B TOPU30HTAJbHINA IUIOMIMHI HA HOXi JIi€ 3yCHIUI PO3TUCKaHHS

T =0,3F,.

IMin nieto cun 7, Ta F, HDX OTpUMY€E 3THHAIOYI MOMEHTU B nepepisi A-A BiTHOCHO Bici X :
M, =Fl,asignocooci Y : M, =T,
ne [ — BiJCTaHb Bil JTiHIT HOMPIOHEHHS 10 TOYKA (iKcallil Hoxa, M.
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Ha BEPXHbOMY HOX1
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ne I, ta I, — MOMEHTH IHEpLii BITHOCHO BIANOBIIHKX Biceil, M'; H Ta B — po3MipH mepepisy, M;

b}] — JOIyCTUME HaNpyKeHHs IpU 3TWHaHHi, [1a.
BianoBigHo Hanpy>KeHHS Kpy4eHHS! Ha0yBa€ BUTIISA

= <[] @
c dnm
ne M, — KpyTHUN MOMEHT, BUKIIMKAHUI PO3MIPHUM 3yCHILIIM

M, =Ty ()
¥y. — BIICTaHb BiJl TOUYKM IMPUKIAJECHHS 3yCUIUIL JO LIEHTpa MacH mepepisy IO BEPTUKA, M; T —
MaKCHMallbHe HanpyxXeHHs Kpydenss, [1a; &,;,, — MiHIMaibHAa TOBUMHA HOXa, M; F, — mUoua

KOHTAKTY TI0 Iepepizy Hoxa, M’; [z ] — momycTume Hanpyskenns kpyderns, Ila.
Bepyun no yBaru TepTs B omopax Ta BTpaTH IOB’si3aHi i3 UM MaeMo, 1o ¢popmyiia i po3-
paxyHKy poOOTH pi3aHHA HaOyBa€ BUTIIALY
A=115kk.ey hS, (6)
ae k, = 0,8 — xoediieHT poOOTH pi3aHHS.
Maroun po3paxyHKoBi popMyar poOOTH, MOKEMO BU3HAYUTH HEOOXiTHY MOTYKHICTh IPHBO-
1y, AKa HaOyBa€ BUTIISILY:

Aw
P=—-2, )
2r
ne P — moryxHicth mnpuBoma, BT; @ — KyToBa WIBHAKICTH Baly BizOopy moTyxHOCTi, 1/c;

A =17 — Koe(iLieHT, 110 BpaXOBY€E JOMYCTUME MEPEBAHTAKECHHS EIEKTPOIBUTYHA.

OckinbKy MexaHi3M KOMOIHOBaHHH, TO pO3paxyHKOBa MOTYKHICTh IPUBOJY AOAAETHCA 10 Bi-
JMOBiTHOT MOTYXKHOCT1 TpaHCIIOpTepa.

BucHoBkn

AHai3 TpoBeIeHUX JIOCTI/IKEHb JT03BOJISE 3pOOUTH HACTYITHI BUCHOBKH 1 pEKOMEH/IAITIl:
- Hale(eKTUBHIIINM BHIOM PYHHYBAaHHS METANEBOI CTPYKKH 3 OyIb-IKHX BHIIB CTaJICH 1 CIUIaBiB €
3pi3, SIKMH CIOCTEPIraeThCsl Y HOKOBUX Ipo0apKax;
- HaHOMWKYe M0 BUPIMIEHHS MUTAHHS AKICHOTO CTPY>KKO MOAPiIOHEHHS MiAXOISTh APOOApPKU HOMKOBI
OIIHO-, ABOX-, TPhOX- 1 YOTUPHOX BaJMKOBIi, aJie BUMAraroTh EBHOTO JOOMPAILIOBAHHS;
- IOLJIbHE BUKOPHUCTaHHs 00’ €JHAHOTO BUTIISIAY MPUBOAY IpOOAPKH MPUEIHAHOTO A0 Baly IIHEKOBO-
T'O KOHBEEPY.

JlaHi po3paxyHKOBI CXE€MU Ta METOAMKH MOXXJIMBO IHTErpyBaTH B arpapHi Ta CUILCHKOI'OCIIO-
JapChKi MAIIMHY [IPH YMOB1 KOpEeTyBaHHS Koe(illiEHTIB B S3KOCTi, APIOHOCTI, CUITy4OCTi Ta 3IUIaHHS
MepeMilIOBaHOr0 MaTepially 3 ypaXyBaHHSAM CIeNU(iKH TPaHCIIOPTYBaHHS BiIXOMIiB.
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INVESTIGATION OF THE PARAMETERS OF THE COMBINED CRUSHER WITH
SCREW CONVEYOR
Chasov D., Beihul V., Molchanov V., Kolyada B., Bobrov V., Tarasiuk O.

Abstract

The object of the study is the study of the process of grinding metal shavings during transpor-
tation by a screw conveyor under the condition of using a common drive in order not to increase ener-
gy consumption.

In the process of work, a fundamentally new scheme for grinding drain chips and chipping
chips was proposed, a calculation scheme of a knife crusher was developed, the kinematic scheme of
which uses the involved torque of the conveyor drive thanks to the power take-off shaft in order to
save energy consumption and resource conservation when not using a separate energy source.

The analysis of the research results showed that in domestic and foreign mechanical engineer-
ing, there is little information and recommendations for the design and calculation of equipment for
chipping during transportation, especially for chipping waste chips of high-alloy, stainless steels and
titanium alloys, as well as insufficiently researched technologies for using a common power source for
several different additional operations of auxiliary equipment of mechanical industries and enterprises.

The work presents theoretical studies on determining the action of moments in different
planes, which determine the components of the work, additional coefficients and calculated power of
the drive to meet the needs of the crusher. Recommendations are given for the design, calculation and
industrial use of knife crushers.

Using the developed methods and recommendations, the calculation of all the necessary ele-
ments of the complex system of transportation and processing of chips for the conditions of mechani-
cal enterprises was carried out in accordance with the scientific study within the state budget research
work "Development and improvement of technological equipment for operating systems of lubricating
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and cooling fluids of metal cutting machines, taking into account environmental efficiency of
processes of transportation, cleaning and processing of technological environments" of the Dnipro
State Technical University.

The use of the described methodology allows you to use engineering calculations to solve the
technological problems of designing and constructing equipment in agrotechnical and agricultural
areas.
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