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BNUAHWE CMNOCOBA NOAAYUN 3EPHA OTHOCUTEJIbHO MONOXEHNA OCU POTOPA
HA TEXHONOMNMYECKUE NOKASATENN MONOTKOBOW [APOBUIIKA

INFLUENCE OF GRAIN FEED METHOD RELATIVE TO ROTOR AXIS POSITION
ON TECHNOLOGICAL PARAMETERS OF HAMMER CRUSHER

Knroueenle cnoea: 3epHo80l Mamepuar, UMebyeHue,
Monomkogasi Opoburnka, ocegas 3aepyska, paduanbHas 3a-
2py3ka, KOpMONpPoU3eoACMEo.

OfHMM 13 OCHOBHbIX MNPOLECCOB NpWU NPUrOTOBMEHUM
KOMOMKOPMOB SIBNSieTCA U3MenbyeHne. 310 Haubonee aHep-
ro3aTpaTHblid NPOLECC, B 3HAYUTENBHOM CTENEHU onpeaens-
IOLLMA Ka4yeCTBO rOTOBOrO MpoAykTa. [pobunku ¢ ropusoH-
TanbHbIM BanoM, T.e. C paguanbHOM nojayen, cuuTarTes
Bonee aHeproemkumn. OpHako 3Ta oueHka Aenanacb w3
YAENbHOM SHEPrOeMKOCTH, a KOHCTPYKLUWM ApoOWnokK, kak
npaBuo, OTIMYanuch Apyr oT apyra. Ans nonyyeHus obbek-
TUBHBIX Moka3aTenen HeobXOAMMO MMETb OfMHAKOBbLIE KOH-
CTPYKUMM, HO oBecneymBaioLLme TOMbKO paguanbHy U
0CeByH0 nofady. [ins akcneprMeHTanbHbIX UCCNeLoBaHUS 3TO
TpeboBaHMe BbINOMHEHO, ObinNa NpoBefeHa cepust aKCmepu-
MEHTOB A5 OnpefeneHus 3HeproemMkocT, Mogyns noMona u
MPOM3BOANTENBHOCTM MOMOTKOBOW Apobunkn. B kavectee
WUCTBITYEMbIX KOMMOHEHTOB BbICTYMUMM MLWEHWLA W SYMEHB.
Pa3paboTaHHas KOHCTPYKUMS SBNSIETCA APOOMIKON 3aKpbITO-
ro TMNa C LIECTUrPaHHbIM KOPMYCOM, TPW rPaHu U3 KOTOPbIX
ABNSIOTCSA [1eKOW, a oCTanbHble TpK — pelueTom. poseseH-
Hble 3KCMEPUMEHTbI NoKasanu 3HaYMMOCTb Nojaun 3epHa Ha
uccnegyemble aktopbl. PaguanbHas nogaya okasanach B
Bonee BbIMIPLILLHOM MOMNOXEHUN, MOCKOMbBKY B Kamepe Haxo-
OMTC MeHblle MaTepuana, 4to BMWSIET Ha KWMHETUYECKYIO
3Heprus 3epHa. lMpu 9TOM NMOTHOCTL BO34yXa TakKe HIke,
T.K. HET MOACOCA U3 LieHTPanbHOro 0TBEPCTUS, APQEKT Baky-
YMUPOBaHMS KOMbLIEBOr0 06bema 3epHOBOW CMecK No nepu-
METpY MOIOTKOB Bbille. OdeKT LeHTpoDEXHOro BO3AyLLHO-
ro Hacoca B TakoW CXeme MUHUMWU3WUPOBAH, B TO BPeMS Oce-

Bas nofaya OTChINAET HAC K KOHCTPYKLAM BEHTUNSTOPOB. Mpu
pafManbHoi Mojave MMEEeM MeEHbLUYI0 Mnowadb KOHTakTa
3epHa C MOBEPXHOCTSIMM, YTO MUHUMU3MPYET CUIIbI TPEHMS
CKOMbXEHWUs MaTepuana no CTanW, OkasblBas BNWsHUE Ha
MoLyHocTb. Mogynb nomona B UCCReS0BaHUsX COOTBETCTBO-
Ban 300TexHU4eckuM TpeboBaHusiM. OTKMOHEHWE KPYMHOCTH
yacTuL Haxogunocs B npefenax 5% u BapbuMpoBanocs B 3a-
BMCHMMOCTM OT UCCTIELYEMbIX KYMbTyp.

Keywords: grain material, crushing, hammer crusher, ax-
ial loading, radial loading, feed production.

One of the main processes in the production of formula
feeds is crushing. This is the most energy-consuming process
and it largely determines the quality of the finished product.
Crushers with a horizontal shaft, i.e. with a radial feed are
considered more energy-intensive. However, this estimate
was made from the specific energy intensity, and the designs
of the crushers as a rule differed from each other. To obtain
objective indicators, it is necessary to have the same designs
but providing only radial or axial feed. For experimental stud-
ies, this requirement was met and a series of experiments
were conducted to determine the energy intensity, fineness
modulus and output capacity of the hammer crusher. Wheat
and barley were the tested components. The developed de-
sign is a closed-type crusher with a hexagonal body, three
faces of which are a deck, and the remaining three are a
sieve. The conducted experiments have shown the im-
portance of grain feeding on the studied factors. The radial
feed was in a more advantageous position since there was
less material in the chamber which affected the kinetic energy
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of the grain. At the same time, the air density is also lower
because there is no suction from the central hole, the effect of
vacuuming the annular volume of the grain mixture along the
perimeter of the hammers is higher. The effect of the centrifu-
gal air pump in this scheme is minimized while the axial flow
refers to the design of the fans. With radial feed, there is a

smaller contact area with the grain with the surfaces which
minimizes the friction forces of sliding the material over the
steel, thus affecting the power. The fineness modulus in the
studies corresponded to the animal industry requirements.
The deviation of particle size was within 5% and varied de-
pending on the crops studied.
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BeegeHue

B cTtpykType cebectonmMocTn XMBOTHOBOAYE-
cko npoaykuum go 70% OTBOAMTCS Ha kopMa. JTa
COCTaBMAOLLAN 3aBUCUT OT MHOTMX (PaKTOpoB, B
TOM YuCne OT 3aTpaT Ha KoMBUKopMa, YTO B CBOH
ovyepedb 3aBUCUT OT KONMWUYECTBA BXOZALUMX B HUX
3epHOBbIX KOMMOHeHTOB. o AaHHbIM BHUW kowm-
BMKOPMOBOW MPOMBILLIIEHHOCTH, CErogHs Aons y-
PaXHOro 3epHa B POCCUWCKUX KOMBMKOpMax Co-
craBnsieT 68%, Toraa kak B CLUA — 48% [1, 2].

i3menbyeHne 3epHOBbIX KOMMOHEHTOB  Ans
NpPOM3BOACTBA KOMOMKOPMOB SBNSieTCA Haubonee
9HEpProeMKon onepauuen, NO3TOMy MHOrME uccne-
[0BaHNS HanpaBrieHbl Ha MOUCK PELIEHWUA NO CHU-
XEHUIO 3aTpaT dHeprum. /I3BeCTHO, YTO 3HEpProem-
KOCTb 3aBMCWT OT TWUNa APOBWNKM, pacnonoXeHus
poTOpa, Hanuuus acnupauuu, crnocoba nogaum u
0TBOAA Matepuana v ap. [3, 4].

MarnousyyeHHbIM (haKTOpOM OCTaeTcs crnocob
nojaunm matepuna B Kamepy W3MeribYeHus u3-3a
BNWSIHWA €ro Ha pesynbTaT nmpouecca u3Menbye-
HWS. [1poeKTUpOBaHWE TEXHOMOrMYECKON NUHUK
TaKKe CKaXeTcs Ha cnocobe nogayn matepuana B
na3MenbumTens [5). BoamoxHbl cregytoLme cnoco-
bl nogayn matepuana: pagnansHblin, 0CEBOW, TaH-
reHumanbHbI, ONno3UTHLIN U apyrve. Kaxabld 13
cnocoboB M0-0CO60MY BAMSET Ha BO3HWKAOLLME
CUnbl NpU U3MenbYeHUn Matepuana [6]. B kade-
CTBE OCHOBHbIX CMOCOBOB PaccMOTPUM OCEBOW W
pagnanbHbIN.

Llenb nccnegoBaHns — onpefernieHne aHepro-
€MKOCTH npoLecca 1 ka4yecTBa U3MeNbYeHHOro Ma-
Tepuana B 3aBMCUMOCTW OT nogayu matepuna oT-
HOCWTENBHO OCK BPaLLEHWs poTopa.

001BeKkTbl M MeToAbl UccrneaoBaHUA
3epHoBas YacTuLa, Nonae B Kamepy M3Menbye-
HWS1 MONOTKOBOW ApOBWUNKK, CTankuBaeTcst C pas-

NIMYHBIMA CUNamMK: LEHTPOOEXHOW, TPEeHMs, Tske-
ctmu ap. [7].

/iameHeHne cnocoba 3arpysku matepuana
npegnonaraeT U3MEHEHWe pacrnorioxeHne potopa
B FOPWU30HTaNbHON UNW BEPTUKANbHOW NAOCKOCTH,
yto Oygetr  cnocobCTBOBAaTb  BO3HWKHOBEHMIO
HanpaBneHNs OBWXEHUS 4acTuL nog AEMCTBUEM
CUI, YTO BO3MOXHO OKaXeT BIUSHWNE Ha BbIXOAHbIE
napameTpsb! [8].

[ns uccnegoBaHus BO3bMEM Haubonee pac-
NPOCTPaHEHHbIN BMA Apobunok, raoe paboume opra-
Hbl (MOMOTKW NPSAMOYrONbHOM (POPMbI) pacnonoxe-
Hbl B HECKONbKO PSAOB; BbIXOA 3€pHA U3 30HbI 13-
MenbyeHns yepes pelleto. KOHCTpyKUmMs, npuBog,
cucTeMa 3arpysku B 00OMX criyuasix OgHW U Te xe
(puc. 1).

Ha npouecc n3menbyeHns BRMSHWE OKa3blBatoT
MHOXECTBO (hakTOpOB, HO 3A4eCb PacCMOTPUM
TOMbKO TE, KOTOpblE BIUSKOT OT/INYHO B FOPU3OH-
TanbHO ¥ BEPTUKANbHO PacnONOXeHHbIX NOCKO-
CTSX BpalLeHus poTopa.

OHEProemMKoCTb NpoLiecca N3MenbYeHuUs

3= f(vaepHa; Waoza; Snozepss an.pemer)r
rAe Voepua — 00bEMA 3€PHA, MTHOBEHHO HaxoasLLe-
rocsl B Kamepe U3MenbYeHus;

Wagsz — PACXOQ SHEPTVM Ha MOKauMBaHWe BO3-
[yXa W3 LeHTparbHOro 3arpy3o4Horo OKHa W Bbl-
Bpoc ero Yepes peLeTo;

Snosepx — NI0LaAb NOBEPXHOCTU KOHTaKTa 3ep-
HOBOW CMECM U CTEHOK POTOpa, M BHYTPEHHMX No-
1I0CTeN KaMepbl M3MENbYEHUS;

Qnp pemer — MPONYCKHARA CNOCOBHOCTb peLuerT.

OKcnepuMeHTanbHoe nccnegoBaxue 6bino npo-
BEAEHO Ha pobusike, UMEIOLLER BOSMOXHOCTb 13-
MeHuTb cnocob nopaun matepuana (puc. 2). Xa-
paKTepucTMka  ApobunKW:  3nekTpoasuratenb
AIM80B2 (2,2 kBt, 3000 06/MuH.), AMameTp poTo-
pa 354 MM, pewweTo C NPOLONroBaThbiMU OTBEPCTH-
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MU LLIMPUHON 2,5 MM. Koprnyc BbINOSHEH LLECTU-
rPaHHbIM: TPU TPaHW W3 KOTOPbLIX rIyxue B BUAE
L€eKK, a TpU — B BUZe peLueTa.
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Puc. 1. Cxema monomkoeoli Apobusnku ¢ ykazaHuem 06emos, 3aHUMaeMbIX U3MeSIb4aeMbIM 3€PHOM:
a - ocesas nodaya; 6 — paduanbHasi nodaya

Puc. 2. Monomkoeas dpoburnka 80 8peMsi IKcnepuMeHma:
a - ocesas nodaya; 6 — paduanbHasi nodaya; e — pewemo

PesynbTaThl UccnenoBaHus

B kavecTBe uccrnegyembix (akTopoB BbICTyMa-
N1 MoZynb nomorna, NPOU3BOAUTENBHOCTL U 3HEP-
roeMKoCTb npouecca. PesynbTaTbl uccnefoBaHus
npeacTaBneHbl Ha pucyHKax 3, 4.

Bo Bpems u3menbyeHWs 3epHOBOW Matepuan
nepemelweH ¢ BO3gyxoM, o0bpasys  3epHo-
BO34YLUHbIV CMOW pasnnyHON NAOTHOCTK, NPX 3TOM
3aTpaumBaeTcs 3HauMTenbHas 3Heprus Ha obpaso-
BaHWE HOBbIX NOBEPXHOCTEN COrnmacHo Teopun Pe-
BuHaepa v BpaLleHus cnos [3].

AHanua rpaduyeckux 3asucumocten (puc. 3, 4)
nokasblBaeT, YTO pagwanbHas nopava obecneym-
BaET MEHbLLYI0 NPOU3BOANTENBHOCTb, HO MPK 3TOM
N MEHBLLYIO YAEMNbHYI0 S3HEProeMKoCTb. 3TOMY MO-
ryT ObITb OGBACHEHUS:

1. KOHCTPYKTMBHO pagmarnbHas nogada B 6onee
BbIUMPBILLHOM MOMOXEHUM, MOCKONbKY B 06beme 1 B

MOMEHT WM3MEMbYEHNs1 3ePHOBOI MaTepuan oTcyT-
cTByeT (puc. 1), KMHETWYEeckas SHeprus 3epHa,
BBMAY MeHbLUEN Macchl, Takke OygeT MeHbLue. [pu
9TOM NMOTHOCTb BO3dyXa TaKKe HWXe, T.K. HET
noAcoca U3 LieHTPanbHOro 0TBEPCTUS, 3peKT Ba-
KyyMMPOBaHWS KOMbLIEBOr0 06bema 3epHOBON CMe-
CV1 MO NEPUMETPY MOSIOTKOB BbiLLIE.

2. OhheKT LEHTPOBEXKHOTO BO3AYLLHOM Hacoca
B TAkoW CXeMe MUHWMM3MPOBAH, B TO BpeMms Mo
npuHUMny paboTbl Cxema C OCEBOW nogayen
(puc. 1) oTCbiNaeT Hac K KOHCTPYKUMM BEHTUNATO-
POB.

3. Cxema ¢ pagnanbHoi nogayen nMeeT MeHb-
WK 06beM 3epHa BHYTPW Kamepbl, criefoBaTesb-
HO, MEHbLLYIO NNOLadb KOHTaKTa C MOBEPXHOCTS-
MW, YTO MWUHUMU3NPYET CWMbl TPEHUS CKOMbXEHMS
MaTtepuana no cranu, okasbiBas BMISHUE Ha MOLL-
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HOCTb, 3aTpauMBaeMmyld Ha NPEOLdONEeHUs CUsbl
TPEHNS CKOMBXEHUS U CUTbl MEXCIOEBOTO TPEHUS.

4. [pwn paguansHon nofgave COOCHbI Hanpasse-
HWS CUSbl BECA YACTHL, 1 NMOTOKA 3€PHO-BO3AYLLIHOM
CMecK kaHanam oTBepcTuii peweta. Cmecb W3-
MenbYeHHOro 3epHa NPOCEBAETCH peLleToM 3d-
heKkTUBHEN, Menkas pakumus BbICTpoO yaansercs,
oceoboxgas Mecto A/ HOBOW YacTu U3Menbyae-
MOrO 3epHa.

Mogynb nomona B UCCREAOBaHWAX COCTaBMNa:
s nwenndbl — 1,18-1,75, aumens — 1,27-1,88 npu
pasMYHON MPOM3BOAMTENBHOCTH, YTO COOTBET-
CTBYET 300TeXHW4Yeckum TpeboBaHusM. lMpu aTOM
npu paguanbHoi nogaye mogynb 6bin Ha 4,2%
KpynHee no niueHuLe 1 Ha 5% KpynHee no SYMEHHO.
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Puc. 4. 3asucumocmb JHepP20eMKoCcmu u3Meslib4eHusl A4MeHs1 om npouseodumeanocmu de6UJ1KU

BbiBoabl

1. TexHonornyeckue napameTpbl paboTbl Mo-
NoTKoBOM Opobunku 3aBucAT OT cnocoba nogayu
MaTepuana, a UMEHHO OCEBOW UK paauanbHbI.

2. MonoTkoBas apobunka ¢ paguanbHon noga-
yen obecrneunBaeT MEHbLLY NPOM3BOAUTENb-
HOCTb, HO NMPW 3TOM yAenbHas 3HEPrOEMKOCTb Tak-
X€ MEHbLLIE NPY NPOYMX PaBHbIX YCIOBUSIX.

3. Ha mogynb nomorna npakTuyecku He NoBmmussn
cnocob mogayn, OH COOTBETCTBOBAN 300TEXHWYE-
ckum TpeboBaHuaM. OTKMOHEHME KpYMHOCTM Ya-
CTUL, Haxogunock B npefdenax 5%, Bapbupysch B
3aBUCUMOCTM OT MCCIIEAYEMBIX KYIbTYP.
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