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Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine
Regarding the Reliability of the Technological Process of Shredding Crop Residues

The article is devoted to finding ways to solve the problem of increasing the reliability of the
technological process of shredding crop residues using shredding rollers with operating parts in the form of knife
drums. The research presents a review and analysis of existing types of machines for shredding crop residues
equipped with driven and non-driven active operating parts with their advantages and disadvantages. The ways
and methods that should be considered when solving problems of improving the quality of grinding and
reliability of this technological process are formulated. The article presents the content and methods of
conducting experimental field studies of the process of shredding crop residues by a drum with knives installed
on its surface at a certain angle of deflection between adjacent rows and with a shift of the line of row blades
relative to the axis of the drum itself. It is proved that at certain values of these parameters, it is possible to
achieve a significant increase in the reliability of the technological process, to virtually eliminate the negative
phenomenon of clogging of the inter-row space with particles of plant stems and soil.

The rational values of the angles of the knives on the surface of the chopping drum, substantiated in this
work, allow increasing the intensity of chopping crop residues as a result of reducing the distance between the
rows of knives. Thus, the approximate length of the particles of chopped plant stems can be reduced from 21.4
cm to 17.4 cm, without negative consequences for the reliability of the technological process.
crimp-rollers of plant residues, process reliability, angles of installation of knives on the surface of the
drum, inter-groove space, particles of plant stems, crop residues
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BrnockoHajaeHHs KOHCTPYKIIi OiTepiB J03aTOpa KOPMiB
MOPLIHAHOT A1i

VY craTTi 32 paxXyHOK IPOBEICHOTO aHalli3y poOOTH 03YIOUUX MPUCTPOIB 3aIIPOIIOHOBAHA KOHCTPYKIIS
OyHkepHOTO H03aropa mopuiitnoi nii Tumy BAK-®-70-20, sikuit o0nagHaHUN KPYTIOJTaHKOBUM JIAHIIOTOM Ta
rpedinkamMu. TeopeTHdHHMHU JOCHIDKCHHSAMU Oylno OOIpyHTOBaHO KOHCTPYKTHBHI Ta PEXHMHI NapameTpu
JI03aTOPIiB-BIIOKPEMIIFOBAYiB OOJaIHAHUX PaialIbHUMU HAIBIIMH. BH3HAYCHO 1X BIUIMB HA SKIiCTh JO3yBaHHS
BOJIOTHX Ta TpyOMX KOMIIOHEHTIB y TIPOIECi PO3BAHTAXCHHS KOPMIB Ha TMONEPEYHHH TOPU30OHTAIBLHUN
TpaHCHOPTEP.

TBAPUHHUITBO, 103aTOP KOPMiB, NJaHeTapHUN MexaHi3Mm, OiTep, momepeyHMil TpaHCIOPTep, MOHOJIT
KOpMY, JIAHIIIOT, TPediHKa, MaabIli

ITocTanoBKa mpodaemMu. 3HIKEHHS TEMITIB BUPOOHHUIITBA MPOAYKTIB TBApUHHHIITBA
B YKpaiHl moB’s3aHe 3 Oararbma BIiIOMUMH (aKTOpaMu, M0 HEOJMIHHO BIUIMBAIOTh Ha
MO3UTHUBHUM PO3BUTOK Bciel ramy3i. OZHUM 3 TaKUX UYMHHHKIB € HE3aJ0BUIBHUN CTaH
KopMoBOi 0a3u. HemoctaTHs 3a0e3meyeHICTh TBApUHHHUIITBA KOPMaMH, HEBIAMOBITHA iX
SIKICTh JIO JIFOYHMX 300TEXHIYHUX BHMOT IPHU MiATOTOBIl JO 3TOJIOBYBAHHS MPU3BOIUTH [0
3HAYHOT'O MOPYIIECHHS M'eHETHYHOTO MOTeHIiay. ToMy peaitizaiisi TBApHH B TaKUX yMOBax
MoxrBa junie Ha 45-50%. Kopmu Ta KOpMOBI CyMillli MalOTh BU3HAYAIBHUHN BIUTUB Cepell
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€KOHOMIYHUX TTOKa3HUKIB PO3BHUTKY Tally3l TBAPUHHHUIITBA, TaK SK iX YacTKa B CTPYKTYpi
cobiBapTocTi MoXe ckiaaatu maibke 60—70% Bcix BuTpar [1].

VY ckotapcTBi AJis BUPOOHMIITBA MOJIOKA 1 M’sica SJIOBUYMHM 3alpOBaKEHI HOBI
JeTalli30BaHi HOPMH TOMIBII, a caMe iX BH3HAYAIOTh 3a 22—24 eneMeHTaMu KUBIeHHs. Tak, y
CTPYKTYypl OajlaHCy KOpMIB BHCOKY MHUTOMY Bary 3aiiMarOTh CHJIOC, CIHaX, CIHO, COJIOMA,
3eJIeHI KOPMH, KOPEHEIIOOW Ta KOHILIEHTPOBaHI KOPMH, IO BHUMArae BIIPOBAKCHHS
MPOTPECUBHUX Ta IHTEHCHBHHUX TEXHOJOTIH 3 BHKOPUCTAaHHSIM KOMIUIEKCHOT MexaHizari i
aBTOMATH3allil MPOLECIB MPUTOTYBaHHS 30a1aHCOBAHOT MOBHOPALIIOHHOI CyMIiIII.

B VYxkpaini , BUKOpUCTOBYIOUM TPAKTHYHUNA CBITOBUU JIOCBiJl, HAMOUIBII MOIIMPEHI
3MillIaHI TUOM TOMiBII Benukoi poraroi xymoou (BPX): cunocHMid, CHIOCHO-CIHa)KHU,
CHUJIOCHO-KOPEHEIUTITHNM, CiHAXHUKH Ta OaraTto 1HMMX. XapakTEepPHOI PHCOK iX €
0araTOKOMIIOHEHTHICTh 1 pi3HOMaHITHICTh. [lopsia 3 LKMM BIOCKOHAIIOIOTHCSA 1CHYIOUI
cucremu roaiBini BPX, sxi HampaBieHi Ha po3poOKy e(EeKTUBHUX Ta €KOHOMIYHO JOUITBHUX
TEXHOJIOT1} mepepoOKH KOPMiB JJIsl MPUTOTYBaHHS BOJIOTO1 1 Cyxoi KOpMOBOi cymii [3, 4].

Baromoro 1 1oCuTh CKJIaIHOIO OIEpalli€lo B IMPOIECi MPUTOTyBaHHS BHINEBKA3aHUX
cymimeir mis BPX € no3yBaHHs 1 mojada pi3HUX KOMIIOHEHTIB 3TiIHO BCTaHOBJIEHOL
KUIBKOCTI KOPMY 3 METOI OTPUMAaHHS SKICHOI KOPMOBOI cywimr. MOKIIHUBI TOPYIICHHS
CHIBBIAHOIIEHHS KOMIIOHEHTIB B CyMIlIl NPU3BOAUTH 10 HeOaXaHOTo 3HIDKEHHS abo
M1BUIIEHHS [MO)KUBHOCTI TOTOBOT'O KOPMY, 1[0 € HasSBHOIO iX MEPEBUTPATOIO.

VY3aranbHeHUH aHali3 3aCTOCYBaHHS MEXaHI30BaHUX KOPMOIEXiB, IPyNU MOOUTBHUX
KOPMOPO3/1aBayiB Ta KOPMOIIEPEPOOHUX MAIllMH HAa TBaPUHHHUIILKUX KOMIUIEKCaX CBIIYUTH,
10 JI03YyBaHHS TPYOHMX, COKOBHTHX 1 CTEOETHPHUX KOPMiB HE MOBHOKO MIPOIO 33JI0BOJIBHSIE
300TEXHIYHUM 1 TEXHOJOTIYHUM BUMOTaM. Taki MamMHU Ta OOJaJHAHHSI MAalOTh CKJIAJIHY
KOHCTPYKI[i}0, TOCHTh BUCOKI MOKA3HUKHA METAJIOMICTKOCTI 1 €HEepProMICTKOCTi, 110 3HAYHO
3HM)KYE €(QEeKTHBHICTh Ta SKICTh TMPHUTOTYBaHHS KOPMOBUX cymimieid. Tomy po3poOka i
BJIOCKOHAJICHHA  KJACHYHMX  KOHCTPYKIIM  J03aTOpiB  KOPMIB sl  MPHUTOTYBaHHS
BUCOKOC(DEKTUBHMX KOPMOBUX CYyMIIIEH 1O 3TrOAOBYBaHHS 1 pO3JaBaHHSI KOPMIB 3
OOIPDYHTYBaHHSIM TE€OMETPHYHUX Ta KIHEMaTHMYHHX IapaMmeTpiB iX poOOYMX OpraHiB €
aKTyaJIbHUM 3aBJIaHHAM [2, 3].

AHaJIi3 ocTaHHIX J0caiTKeHb i myOaikamiii. Binomi Bueni Kykra I'.M., Pesenko L1,
bparinens M.B., I6arymmia 1.1, Maneko B.M., XmenvoBcbkuii B.C. Ta iHmI 3aiimanucs
JOCITIJKEHHSIM TIPOIIECIB 103yBaHHS, 3MIIIYBaHHA KOPMIB Ta NMPHUTOTYBaHHS 30a7aHCOBAHUX
MOBHOPAIIOHHKUX cyMimieid. BoHn chopMynioBaivi OCHOBHI MOJIOKEHHS TEOPIi BUIIEBKA3aHUX
nporieciB. BcTaHOBIGHI HUMU 3arajibHi 3aJIeKHOCTI MK (DaKTOpaMu HPU3BEIH 10 MEBHUX
BHCHOBKIB, III0 OOTPYHTOBYIOTh CKJIQJHICTh TaKHX IMPOIIECIB, OCOOIHMBO (PI3MKO-MEXaHIUHOI
CTOpPOHHU [6].

IlocTanoBka 3aBaaHHs. MeTOI0 MPOBEIEHHS OCIIKEHb Mepe10adanocs BUBUECHHS
3aKOHOMIPHOCTEH BIUIMBY KOHCTPYKTUBHHUX Ta PEXKHMHHX MapaMmeTpiB Ha SKICThb J103yBaHHS
rpyOuX, COKOBUTHX 1 CTeOETbHUX KOPMIB.

Buxiax ocHoBHoro marepiagy. B mpakTuili KOpMONPHUTOTYBaHHS 1 PO37aBaHHS
KOPMIB IIMPOKO 3aCTOCOBYIOTH MacoBe a00 00’€MHE 03yBaHHS, KOXKHE 3 SKHUX MOXe OyTH
nopiiitHuM abo 6e3nepepBHUM [7]. B cucTemMi BUKOpHUCTAHHS MEXaHI30BaHMX KOPMOIIEXIB,
KOPMOpPO3/1aBaviB 1 KOPMOIEPEPOOHHUX MAIIMH 32 KOPIOHOM 1 B YKpaiHi HalOUIbII HIMPOKO
3aCTOCOBYIOTh JJIsl JTO3YBaHHS MAJIOCHUIIYYUX TPYOHX, COKOBHUTHUX 1 CTEOCIBHMX KOPMIB
JAHLIOTOBO-TIJIAHKOB1 OyHKEpH1 JKUBUJIBHUKU 3 TPAHCIOPTEPHUMH 1 OITEpHUMH 103yIOUNMH
3aco0amMu, M0 MalwTh pi3HE KOHCTPYKTHMBHE BHUKOHAaHHA. TOOTO BOHHU BiAPIZHAIOTHCS
poOourMMH OpraHaMu TOJAIOUUX KOHBEEPIB, TPAHCIIOPTEPIB-BiJOKpEMIIIOBaUiB 1 OiTepiB, ix
KUIBKICTIO 1 PO3TAllyBaHHSIM, KYyTOM HaXWJy >XHBHJIBHHUX TPAHCIIOPTEPIB 10 TOPHU3OHTY,
NPUHIUIIOM POOOTH Ta MpUiIMaIbHOIO YyacTuHOMO [9, 10]. TexHoMoriYHM: MpoIeC T03yBaHHs
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MaJIOCUITyYUX KOPMIB BiJJOYBAa€ThCS 13 3aCTOCYBAaHHSM OJHO- Ta JIBOCTYIIEHEBOI CHUCTEMHU
nomaadi (puc. 1).
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PucyHok 1— @yHKITIOHAIbHA CXeMa JBOXCTAIIMHOTO 103aTOpa CTEOSTLHUX KOPMIB
31 3MIHHUM KYTOM BXOJ[)KCHHS TaJIbI[iB TPabJIUH B MOHOJIIT KOPMY
Iicepeno: pospobaeno asmopamu

MOHOJIIT KOPMOBOi CHpPOBMHHM B OYHKEpi MOJAE€THCSA JIAHLIOTOBO-TUIAHKOBUM
KOHBEEPOM JI0 BIJOKPEMITIOIOYUX TMPUCTPOIB, IO CKIamaroThes 3 OitepiB. lambiii rpabmun
0iTepiB 34iCYyIOTh 1 PO3PUXIIOIOTH MaTepiajl MOHOJITY KOPMY, SIKHM CTUKA€THCS 3 HUMH, 1
BUBAHTAXXYIOTh Ha MOTIEPEUYHUN KOHBEEP a00 MOaI0Th 0€3M0oCcepeIHbO B TEXHOJIOTTYHY JIHIIO
Ha 30ipHUH TpaHCHOpTEp M MOJAIBLIOTO 3MIIIYBAHHS KOMITOHEHTIB (OJHOCTYNEHEBa
cucTeMa J03yBaHHS KOPMIB).

[Iponyckna 3nmaTHICTH OiTepHOI CHCTEMH TIOBHHHA TNEPEBUILYBaTH IPOITYCKHY
3/IaTHICTh XKUBUJIbHUKA, SKUH 3a0e31meuye nojaady KopMmiB 10 0J0ka O1TepiB 1 y3TOKYBaTHCh
3 Hero. [IpuBenena cuctema Moxke 3a0e3nedyBaTH PeryIbOBaHy BiI030BaHy BUAAUY B'SI3KUX
KOPMOBHUX MaTepiamiB 3 TOMyCTUMUMH BIAXUICHHSAMHU. /{7151 I ABUIIIEHHS TOYHOCTI JI03yBaHHS
B'I3KMX CTEOENbHMX Ta IHIIMX KOPMOBHMX MaTepiaiiB 1 3a0e3leyeHHs Npane3gaTHOCTI
OITEpHOTO TMPHUCTPOI0 B JOMYCTHMHX MeEXaX 3aCTOCOBYETHCS JIBOCTYIIHYACTa CHCTEMa
no3yBaHHA. BoHa CKIamaeThcsl 3 )KMBUIBHUKA, J103aTOpa-BiIOKpEMIIIOBaYa OITEPHOTO THIIA,
BUPIBHIOIOUOTO  34YICYIOUOTO MPHCTPOIO, IONEPEYHOro KOHBEEpa, MI0 3abes3mneuye
3rJa)KyBaHHs HEPIBHOMIPHOCTI KOPMOBOTO TOTOKY, SIKHM HaIXOIWTh 3 >KUBWJIbHHKA, 1
aBTOMATHYHO Kepye Horo poOoToIo.

st aHamizy KOHCTPYKTHMBHUX 1 KIHEMAaTHMYHHUX TapaMmeTpiB OITEpiB MPOIMOHYETHCS
po3pobiieHa (i3uyHAa MOJENb, sIKa BH3HAYa€ B3aEMOJII0 padialibHUX TalbliB OiTepa 3
MOHOJIITOM KOpMY (pHC. 2).
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PucyHok 2 — Cxema CHIT B3a€MOJIiT paIialIbHOTO MAIbI OITEPHOTO 103aTOpa 3 YACTKOI0 KOPMY
Licepeno: pospobaeno asmopamu

[TpoBenenuil anami3 3anponOHOBAHOI KIHEMATHUKU MPOLECY BIAOKPEMIICHHS KOpMY 1
B3a€EMOJII pajlialbHAX TaJbI[iB 3 MOHOJITOM 3a OJHUH IMKJ JO3BOJIMB BUIIIUTH YOTUPH
nepiofu: TpPYKHE CTUCKAaHHS 1 MOYAaTOK PyWHYBAHHS CTPYKTYPU MOHOJITY KOPMY, IIO
BU3HAYAETHCS KYTOM ¢, — CTUKAHHs [aJIblisd 3 MOHOJITOM — 1 KyTOM «,, — 00epTaHHs HabLsd

70 TIOYaTKy pYHHYBAaHHS CTPYKTYpH MOHOJNITY; pYHHYBAaHHS CTPYKTYpPH MOHOIITY,
BIZIOKpEMJICHHSI MaTepiaiy BiJl MOHOJITY KOpMY HajblieM 1 popMyBaHHS Ha KiHILI MITUPTA
TiJ1a BOJIOYIHHS, 110 OOMEXKYEThCA KYTOM o, — (POPMYBaHHs Tijla BOJIOYIHHSA KOPMY; pyX Tina
BOJIOUIHHS B KOHTAakTi 3 MPYXHHUM CEPEJOBMIIEM, BiTOKPEMJICHHS IOJATKOBOI MHOPIii
KOPMOBOI MacH, BUIbHE TEPEMIIICHHs MaTepiandy BJOBX IMajblid, IO BiIOYBAETHCSA 0
[OYaTKy YEeTBEPTOrO NEpIoay, SIKHM OOMEXYeTbCS KyTOM O, = 7T ; NEpioJ] PO3BAHTAKCHHS
rpa0iuH OiTepa, 10 BiJOyBa€TbCs B KBAJIPAHTI & > 77 PO3BAHTAXKEHHS OiTepa.

Takum yuHOM, OiTEp, MO0 € POTAMIMHUM POOOYNM OPraHOM, 3a JIOTIOMOTOIO IMAaJIBIliB
3aXBauvye 1 PO3PUXIIIOE MEBHUHN IIap MAacH MOHOJITY, J0JIa€ MPYKHE CTUCKAHHS MaTepiaiy,
pyHHY€e CTPYKTYypy HOTro, BIIOKpEMJIIOE YacTUHY KOpPMY BiJI MOHOJITY 1 TEpeKHaae
BIJILICHTPOBOIO CHJIOIO HA BUBAHTAXYBAIHHUN KOHBEEP. B mporieci pyxy mamnblisd Tpe0iHKH Ha
KiHII HOro (opMyeThCsl TIJIO BOJIOYIHHS, SIKE€ PYXa€ThCs B3JOBXK IMPYKHOI KOPMOBOI MacH.
IIpu npomy rpebinka OiTepa BiOMpae 3 Mack KOPMy ILIap, KUl JOPIBHIOE BUCOTI XOPAH M

[EHTPAJILHOTO KyTa ¢/ MIDX pajiycaMH BXOJDKEHHS I'peOiHKM B Macy Ta BUXOJY ii 3 Macu.
HemniniliHa TpaekToOpis pyXy Hajbld B MEpIIOMY 1 APYroMy Iepiofax He BpPaxOBYEThCS,
OCKIUJIBKM B KOKHMM MOMEHT PEaKIlis MaTepiay HampasjieHa 1o HopMaii 10 naibis. JiuisHka
Tpa€eKTOpii Maybls, Ha SIKiil BiZOyBaeThCs MPY>KHIM CTUCK, MOKe OYTH BU3HAUEHO HACTYITHHM
PIBHSHHSIM:

Co=m-r—=—>=>, (D

ne r — paaiyc 6itepa, M;
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&, — KyT BIIXWIECHHS AJIbLIA, TIPU AKOMY NOYHHAETHCS pyHHALlisE MaTepiaiy, rpaj.;

Oy — KyT, TIpH IKOMY HaJICIb IIOYMHAE KOHTAKTYBATH 3 MaTepiaJ'IOM, rpan.

MiHimManbH1 3aTpaTd €Heprii B IbOMY BHITQJIKy BUHHUKAIOTH TOJI, KOJW 3 MAacoOlo
BiZIOYBAa€THCS KOHTAKT TUIBKH OJIHIET TPEOIHKH.
Toni:

o = 2arcsin , (2)

a ONTUMaJIbHA KIJIBKICTh TPEOIHOK OiTepa CKIIaae:

0
Z:36O _ 180 , 3)

a ..m
arcsin—
D

3a yac obepranHsa rpabnuHu Big 0 10 77 00'eM KOpMy, IIO BUAAISAETHCA OITEpOM,
BHU3HAYAETHCS 32 (POPMYIIOIO:

V:L."Q".B’ (4)
w

1€ @ — KyTOBa MIBUIKICTh pyXy OiTepa;
r —paniyc Oitepa;
9, — WBUAKICTL PyXy MO3I0BKHBOTO TPAHCIIOPTEPA;

B — nowxuna rpabnunu (mmprHa OyHKepa).

BimokpemitoBaHuii KOPM PpO3TaIIOBYEThCS Ha poOOYId TOBEPXHI MAaJbIliB, IO
JI03BOJIsIE 3pOOMTH BUCHOBKHM, a caMe: JUIS Y3TO/KEHHs NMPUHLIMIY poboTH OiTepa B mporeci
BIJIOKpEMJICHHSI KOpPMY HEOoOXigHO, 100 poboya AOBXKHHA HOTO MaJbIIB Maja 3MIHHY
BEJIMYMHY BITHOCHO MPOTMOPLIHHOI IO MONEPEYHOro nepepizy BiIOKPEMITIOBAHOTO KOPMY
(Bim 0 Ha moyaTKy B3a€MOii 3 KOPMOM JI0 MAaKCHMaJbHOI BEJIMYMHUA B KIHIII TPOIECY
BIZJOKpEMJICHHSI KOpPMYy BiJl 3arajJbHOr0 MOHONITY KopMmy). Takum 4YMHOM, IIIOLIA
MOTIEPEYHOTO TIepePi3y mapy, M0 BUAAIIETHCS TPaOIMHOI0, Oy1e MaTH BUTJISL;

T3
S=J. L.r-sinot-dt, (5)
y 20
wt — KyT o0epTaHHs rPabIuHH;
t —dac obepTaHHs rpabIMHU.
[TpoxyKTHBHICTh YOTHPHOXTpalesnbHOro OiTepa 3a OJMH 00EepT B 3aleKHOCTI BiX
Mo/1a4i KOPMOBOT MacH MO>KHA BU3HAUUTH CITiBBITHOIICHHSIM:

4 -r
Q:

8,-B-y, (6)
(4]

abo
4z-r*8, By 2:r-8,-B-y
9. n ’

Q= (7)

e y —o0'eMHa Maca KOpMYy;
n —4acTota oOepTaHHs Bana 6itepa;
9, — KpyroBa IIBHJKICTb pyXy OiTepa;
9, — HMIBUIKICTh pyXy KOHBEEPA.

n
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Takum yuHOM, CEKyHAHA MPOTYKTUBHICTH OITEPHOTO BiIOKpEMITIOBAYa BU3HAYAETHCS
B 3aJIKHOCTI BiA aiaMeTpa OiTepa i BEMMYMHHU IOJAa4i KOPMOBOI MacH 3a JIOTIOMOIOIO

dbopmymnu:

4r-r-8 -B-n-y

q= (8)
w

Buxoasuu 3 onTuManbHUX YMOB PO3MOJUIEHHS KOpMY Ha rpeOiHmi Oitepa, ¢popmyna

ONITUMAITLHOI CEKYHTHOI IPOAYKTHBHOCTI MPUIMAE BUTIISI:
g=10"-n-sin2¢ -B-y, 9)
1 ¢" — KyT BHYTpIIIHBOTO TepTs (I11s po3puxiieHoi crebenpHoi Mach ¢"=50...55");
| — noBxHUHA MAbILI.

[TpupiBHIOIOYM TPOAYKTHBHICTH OiTEpa 0 ONTUMAaIbHOI MPOIYKTHBHOCTI KOHBEEpA,
OTPUMYEMO PIBHSHHS KIHEMAaTHYHOTO 3B'S3KY IO3J0BXKHBOIO TpaHCIoOpTepa 1 OiTepHOTO
HPUCTPOIO:

g :lz-n-sin2(/)"-y’

(10)
r

Po6ouy noBxxuHy nanbilsg TpabiuHN BU3HAYAEMO 3 PIBHSIHHS 110/1a41 MOHOJIITY 3a OJIMH
00epT BiIOKPEMITIOI0YOT0 OiTepa:

2r-r-K K
Ax=—"—""—"1"2, (11)
A-Z
ne K, — KoedilieHT, IO BpaxoBye€ KOB3aHHS MOHOJITY Ha IOAABaJIbHOMY

TpaHCHOPTEPI;
K, — KOe(ill€HT CITy4eHHsI KOPMY TIPH BITOKPEMIICHHI;

A — CHiBBiIHONIEHHS NIBMAKOCTEH pPyXy OiTepa-BiJOKpeMIIIOBa4a i 10aBaIBLHOTO
TpaHCTIOPTEPA;

Z — KUIBKICTh IpabiuH GiTepa.

3 pO3TIISIHYTOI CXeMH Jii cuil 6iTepHOTO J03aTopa (pUcC. 2) BUIHO, IO BIIOKPEMIICHHS

nopiii KOpMy BiJ MOHOIITY BinOyBaeTbCs MiJ [i€l0 KPYrOBOTO 3yCHILIA HanbliB P,
CKJIAIOBUMH SIKOTO € FOPU30HTaNbHa P 1 BepTukanbHa P cunu. ['opu3oHTanbHa CKIanoBa

B |-My KBa/ipaHTi HampaBjieHa MO XOJy OypTa KOpMYy i, CTHCKarOuu HOro, BiJOKPEMITIOE Bij
HBOTO YACTKH, IO CTHKYIOTHCS 3 MajbIeM, a MOTIM NMEPeKUAae iX Ha BUBAHTAXYBAJIbHUN
Tpancnoptep. B 4-My KBazapaHTi I CKJIaJOBa HaNpaBJeHa MPOTH MOCTYHATbHOI IIBUAKOCTI
MOIABATHPHOTO TPAHCTIOPTEPA 1 HE BIIOKPEMITIOE YACTKH KOPMY BiJl MOHOJIITY, a HaBITaKH,
BTHUCKA€E iX B TPAHUYHY 30HY, TaJIbMYIOUH NEepeMillleHHs] KopMYy B OyHKepi. BTHCHYTI yacTku
MPOTATYIOTHCS TAJBIIMH OITEPIB B KOPMOBOMY MOHOJITI, MPU IIbOMY BHUTPAYAETHCS
nojaTtkoBa (6e3KopuCcHa) poOoTa, sIKa HE MOB’A3aHa 3 MPOIIECOM BIIOKPEMIICHHS 1 JO3YBaHHS
KOpMY, 30UIBIITYIOUH €HEPTOEMHICTD TTPOIIECY.

Jlnst 3MEeHILeHHsT BUTpAT eHeprii Uit nepioay pyxy nanbliB C, 3alpornoHoBaHa HOBA
3BY)K€Ha KOHCTPYKIIisl MAJIBIIS 3 TPUKYTHUM 200 pOMOOBUIHUM HOTO TIEPEPI3OM.

[Ipu BuKOpuCTaHHI OiTEpiB-BIIOKPEMIIIOBAYiB 3 MOXWIMM a00 OPTOTOHAIBHUM
pO3TalryBaHHIM MajbLiB (pUC. 3) 3MEHIIYETHCS IUIONIA KOHTAKTY iX 3 KOPMOM, IO BIUIUBAE
Ha 3MEHIIEHHS CTymneHs il aedopmaniii kopMmy. Takuii KyT YCTaHOBKHM Maiblil Ha3UBAaIOTh
KpuTndHUM. BiH 3a0e3neuye kpairy cTabiuIbHICTh BIIOKpEMIICGHHS KOpMYy. BpaxoByrouw, 1o
MaTepiall MalbIiB — CTaNb, TPHIAMAEMO KYT TEPTs IS CHIOCY i ciHaxy ¢=27", a ;1 cooMu
©=17°, Toni KpUTHYHMI KyT HAXWIy NAIBLIB NMPUAMAEMO aKp=60—730, o 3a0e3MeUnTh
e(eKTHUBHY B3a€MOJIIIO MAaJbIsI POMOOBHIHOTO MEpepi3y 3 MOHOJIITOM i 3MEHIIMTh BUTPATH
eHeprii Ta KoeilieHT HePIBHOMIPHOCTI MOIa4yl KOPMY.
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Pucynox 3 — Cxema B3aeMoii 6iTepa nepuioro CTyneHs 103yBaHHS 3 IOXMWINMHA
NaJIBISIMU 3 MOHOJIITOM
Loicepeno: pospobaeno asmopamu

[Ipu mnpoekTyBaHHI KOHCTPYKIii OITEpHOTO J03aropa 3 TEPEMIHHUM KYTOM
BXOJDKCHHSI TIABISI B MOHOJIIT KOpMY, OYyJO 3'sCOBaHO, IO MPH MOBOPOTI OiTepa Ha KYT T
najernh B MEPEHOCHOMY pyCi TIOBMHEH OYTH PO3TAllIOBaHHWM MiJ KyTOM 77/2, IO CBITYUTH
PO BIAMOBIIHICTH BUMOT'aM T€XHOJIOTIYHOTO MPOIIECY BUBAHTAXYBAHHS KOPMY.

3 MareMaTHMYHOIO aHali3y IUIOCKUX ENINTHYHUX KPUBUX BHIIOTO MOPSIKY TaKOMY
pPyXy BimmoBinaroTh KpuBi 3aBUTKY [lackans. B okpemomy Bunanky 3aButka [lackanst MoxxHa
OTPUMATH 3a MPHHLUUIOM TOOYJIOBM EMIIMKIOINM NUIIXOM OOKaTyBaHHS Kojieca IO
HEPYXOMOMY KOJIy 3 OJHAKOBUM JiaMeTpOM. BHKOPHCTOBYIOUM TPHHIUIT CKJIAJaHHS JBOX
o0epTalbHUX PYyXiB 1 KIHEMAaTHKy pyXy MNajiblid aKTHBHOrO OiTepa, BH3HAYMMO OCHOBHI
napameTpH CKJIAJIHOTO PyXy, Ha OCHOBI SIKMX CHHTE3YEThCA MexaHi3M Oitepa. [Tapamerpuyni
PIBHSHHS PyXy TOYKH B NPSIMOKYTHHX KOOpAMHATax X 1 Y Ui emiuMKIOiIU 3aluIIeMo y
BUTJIS:

X=r-[K-cos(j-wt)+cos(j+1)-a)l)], (12)
Y=r~[K-sin(j~wt)+sin(j+1)~aJt)], (13)

AHani3 piBHSHb TOKa3zye, 110 BOHHU CIIPaBeUIMBI TIJIBKM NPH OJHOYACHIN 3MiHI
napameTpiB OiTepiB 1 MBHIKOCTI PpyXy TpaHCIOpTepa, M0 HE Mependa4yeHO KOHCTPYKIIIEI0
ICHYIOUYMX >KMBUJIBHUKIB MOAPIOHEHUX CTEOSIBHUX KOPMIB.

PosrnsnyTiM  ymMmoBaM poOOTH  BiAmoBimae OiTepHUN KOPMOBIJOKPEMITIOBAY 3
NEepeMiHHUM KyTOM YCTaHOBKHM MaJbliB 1 TPAEKTOpPi€I0 iX pyxy mo 3aBUTKy Ilackains, skuii
Ha3WBaIOTh AKTUBHUM OiTEpOM.

[TonoxeHHs MaNbLiB TAaKOro OiTepa BU3HAYAETHCS HAMPSIMKAMH PaJllyCiB-BEKTOPIB, SKi
MPOBE/ICHI 3 MUTTEBOrO IieHTpa obepranHs O; (puc. 4). Jlis manbll akTUBHOTO OiTepa Ha
KOPMOBHMI MOHOJIT BinOyBaeTbcs mNpu MiHIManbHIM momaui — mo nay3i KuKs, mpu
MakcumanbHi — mo ay3i KyKjo. JoBxkuna ayru Oe3mocepenHbO BiIOKpEMIICHHS KOPMOBOI
Macd y IbOMY BHUIAJKy 3HAYHO OILIbIIE JYT'M B3a€MOMIlI 3 Macoro cepiiiHoro Oitepa 3
NOCTIHMM KYTOM YCTaHOBKM nauiblisl. Lle 3HauHO 301bIIy€E MPOITYCKHY 34aTHICTh aKTUBHOTO
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OiTepa 1 MPU3BOAWTH MO OIIBII TOYHOTO Y3TO/UKEHHS O0'€MIB TO/Jadl TPaHCIOPTEPOM 1
BiZIOKpEMJICHHs KOpMY OiTepaMu, 1110 TOMITHO MiABUIIY€ PIBHOMIPHICTh BUaul KOPMY.

Pucynok 4 — Cxema B3aeMoIii MmajbIliB 6iTepa 3 KOPMOBUM MOHOJITOM
Licepeno: pospobaeno asmopamu

[Tnoma nomepeyHOro mnepepizy mapy KOpMy, SKa BUAANSETbCA MaiblieM OiTepa
MIPEACTABIISIE COOOKO TUIONTY MapadoIIYHOTO CETMEHTA 1 BUBHAYAETHCS 32 (POPMYIIOI0:

F :§P-q, (14)

1€ ¢ — AOBXKWHA JUISHKH JIii TaIbLS HA KOPM;

P — BucoTa nmapaboni4HOro CerMeHTa, sKa JIOPIBHIOE BEJIMUHHI 11014 MO310BKHBOTO
TpaHcIopTepa.

SAxio 3aMiHATH TapaOOIYHUA CErMEHT KPYTOBHM, JOBXKHHA JIJISHKH il MaJIbIs g

Oyne JIOpIBHIOBAaTHM XOpAl YMOBHOTO Kpyra 3 KOPMOBOTO MOHOJITY, JOBXHHY SIKOT
BU3HAYAEMO 32 (DOPMYIIOIO:

. a
g=2-R, -smz, (15)

lie R, — pajiyc yMOBHOIO Kpyra, IO OMMCAHUHA KIHIAMH MajbLiB OiTepa;

Q — UEHTpaJbHUHN KyT AYTH A1l HaIbIS HA MOHOJIT KOPMY.
[TincraBuBImIM 3HA4YeHHsI ¢ y piBHAHHS (14), TPUPIBHIOEMO MOTO TUIONII KPYTrOBOTO

CerMeHTa:
2
,1 =Ry(m—sinaj, (16)
2 \ 180
Bupimyioun piBHSHHS BIZHOCHO BHCOTH CErMEeHTa P , ska 3a OJUHUII0 dYacy
NpeCTaBisie cO00I0 MBUAKICTh PyXy IMOAABAaJbHOIO TPAHCHOPTEpA, OTPUMAEMO DPIBHIHHSA
KIHEMaTUIHOTO 3B'sI3KY MOaBAIBHOTO TPAHCIIOPTEpa 1 aKTHBHOTO OiTepa:

o )
Ry( —smaj

.. a
S —
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BucHoBku. IlpoBeneHi TeopeTHuHi JOCHIIPKEHHS J03BOJIMIA PO3POOUTH MOJENb
MPOIIECY BIJOKPEMJICHHS MOHOJITY KOpPMY POOOYMMH OpraHaMH JO03yIO4YuX OiTepiB, sKa
BCTAHOBJIIOE MPOMYCKHY 3[aTHICTh, BUTPATU €HEPTii 1 TPAEKTOPi0 PyXy MajblliB OiTepiB 3
paziaTbHUMHU 1 TOXWJIMMH MAJBISMH 3 TIOCTIHHUM 1 3MIHHHM KYTOM BXOJP)KCHHS B MOHOJTIT.

JloBeneHO, IO JOBXHMHA IYI'M TPAeKTOpii B3aemoxii OiTepa 31 3MIHHUM KyTOM
YCTAaHOBKM TAJbIIB 3HAYHO OUIbINA JOBKHHI JAYT'M B3a€MOJil 3 Macolo KOpMY CEpiiHOTO
OiTepa 3 MOCTIMHMM KyTOM YCTaHOBKHM MajbliB. IIpomyckHa 34aTHICTH aKTUBHOTO OiTepa
30UTBITYETHCS, 110 MTPU3BOIUTE 10 OLIBII MOBHOI BIAMOBITHOCTI 00'€eMy MoJa4i MO30BKHIM
TPaHCHOPTEPOM 1 OITEpPOM-BiIOKpEMIIOBaYe€M 31 3MIHHHUM KyTOM YCTaHOBKM TaJIbIIiB,
BHACIIIJIOK YOTO 1 MABUIIYETHCS PIBHOMIPHICTD moayi mo3aropa [11, 12].

AHami3oM KIHEMaTHKH pyXy TMaibliB aKTUBHOro OiTepa BCTaHOBJECHO, IO
BEpTUKaJIbHA CUJIA TIPY)KHOTO CTHCKAHHS MacH KOPMY NPY MPOHUKHECHHI MaJbIiB 3BOIUTHCS
70 MiHIMaIbHOT BEJIWYMHM 1 TaKUM YHHOM 3MEHIIYE BHTpaTH €HEprii Ha MpUBifJ
BiJTOKpeMITIoBasibHOT0 OiTepa Ha 30—35% y nopiBHSIHHI 3 paJiaIbHUMU NabLSIMHU.
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Design Improvement of Beaters Portioned Feed Dispenser

In the article, based on the analysis of the operation of dosing devices, the construction of a portioned
hopper doser of the BDK-F-70-20 type, which is equipped with a circular chain and combs, is proposed. The
design and operating parameters of dispenser-separators equipped with radial fingers were substantiated by
theoretical studies. Their influence on the quality of dosing of wet and coarse components in the process of
unloading feed onto a transverse horizontal conveyor was determined.

The technological process of dosed supply of crushed stem, juicy and other viscous fodder is carried out
using a one- and two-stage system. The monolith of feed raw material in the bunker is fed by a chain-slat
conveyor to the separating devices, which consist of beaters. The rake fingers of the beaters comb and loosen the
material of the feed monolith that comes into contact with them and is discharged onto a cross conveyor or fed
directly into the processing line to the assembly conveyor and mixing of components (one-stage feed dosing
system).

The capacity of the beater system must exceed the capacity of the feeder, which provides feed to the
block of beaters, and be consistent with it. The given system can provide adjustable, metered delivery of viscous
feed materials with acceptable deviations. To increase the accuracy of dosing of viscous stem and other feed
materials and to ensure the performance of the beater device within the permissible technological tolerance, a
two-stage dosing system is used, which consists of a feeder, a beater-type dispenser-separator and an equalizing
combing device of the cross conveyor, which ensures the smoothing of the unevenness of the feed flow , which
comes from the feeder, and automatically controls its operation.

The uniformity of feed output depends on the beater, the design and kinematic parameters of which
affect the amount of feed captured by each comb and the formation of the mass discharge roll on the assembly or
discharge conveyor. Until now, the optimal parameters of the pin beaters that separate leaf-stemmed fodder have
not been clarified, which leads to significant unevenness in the operation of serial feeders-dispensers. All
existing dispensers do not meet the established zootechnical requirements for dosing leaf-stem materials.

For the analysis of the constructive and kinematic parameters of the beaters, a developed physical
model is proposed, which determines the interaction of the radial fingers of the beater with the feed monolith.

The analysis of the proposed kinetics of the feed separation process and the interaction of the radial
fingers with the monolith in one cycle made it possible to distinguish four periods: elastic compression and the
beginning of the destruction of the feed monolith structure, which is determined by the angle a0 of contact of the
finger with the monolith and the angle akr of the rotation of the finger before the beginning of the destruction of
the monolith structure; destruction of the structure of the monolith, separation of the material from the stern
monolith with a finger and the formation of a drag body at the end of the pin, which is limited by the angle al of
the formation of the stern drag body; the movement of the drawing body in contact with the elastic environment,
separation of an additional portion of feed mass, free movement of material along the finger, which occurs
before the beginning of the fourth period, which is limited by the angle o,=n; the period of discharge of the
beater rakes, which occurs in the quadrant o3> of the discharge of the beater.

Thus, the beater, which is a rotary working body, grabs and loosens a certain layer of the mass of the
monolith with the help of its fingers, overcomes the elastic compression of the material, destroys its structure,
separates part of the feed from the monolith and throws it onto the unloading conveyor by centrifugal force.
During the movement of the finger of the comb, a dragging body is formed at its end, which moves along the
elastic feed mass.

It is proved that the length of the arc of the trajectory of interaction of the beater with a variable angle of
installation of the fingers is significantly greater than the length of the arc of interaction with the mass of the feed
of a serial beater with a constant angle of installation of the fingers. The throughput capacity of the active beater
increases, which leads to a more complete correspondence of the volume of supply by the longitudinal conveyor
and the beater-separator with a variable angle of installation of the fingers, as a result of which the uniformity of
the supply of the dispenser increases.

The analysis of the kinematics of the movement of the fingers of the active beater established that the
vertical force of elastic compression of the feed mass during the penetration of the fingers is reduced to a
minimum value and thus reduces the energy consumption for the drive of the separating beater by 30-35% in
comparison with radial fingers.
animal husbandry, feed dispenser, planetary mechanism, beater, transverse conveyor, feed monolith,
chain, comb, fingers
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