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Abstract. The paper considers the design and optimization of a machine for
shredding straw and plant residues. The structural scheme of the equipment is
substantiated, including a loading hopper, feeding conveyor, shredding chamber,
rotor with knives, replaceable screen, drive mechanism, and frame. The main factors
affecting the efficiency of the shredding process are considered, including rotor
rotational speed, number and geometry of knives, screen hole size, feed rate, and
drive power. The proposed design provides controlled feeding of raw material,
efficient impact-cutting shredding, and production of material with a specified
particle size. The use of replaceable screens and adjustable operating modes makes it
possible to adapt the equipment to different types of plant materials. Optimization of
structural and technological parameters is aimed at increasing productivity,
shredding uniformity, equipment reliability, and reducing specific energy
consumption. The developed design can be used for preparing straw and plant
residues for further application in feed, energy, and technological processes.

Keywords: shredding, straw, plant residues, shredder, rotor, knives, screen,
productivity, energy efficiency, structural parameters.
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1. Cekuig «CyyacHa arpoiHkeHepis Ta texuiune 3adoesneyenusa AITK»

AHoTanisi: YV pobomi posenanymo mooenosamnns npoyecy YujiibHeHHs.
POCIUHHOI  Olomacu ma GU3HAYEHHA PAYIOHANbHUX NaApamempie Hnpeco8o2o
0061a0HaNHA. 3anponoHO8aHo 8paxo8y8amu 8 MoOeni MUCK Npecy8aHus, 80102iCMb,
OUCnepCHUll CKIA0 CUPOBUHU, YAC GUMPUMKU MA 2e0MempUYHi XapaKmepucmuku
Gopmysanvrozo kauany. Cgopmoeano KomnieKc Kpumepiig OYIHIOBAHHSA, WO
OXONMIE WINbHICMb  OpuKkemy, NPOOYKMUBHICMb | NUMOMY eHepeOEMHICb.
Ilokazano O00YiNbHICMb NOEOHAHHS MamemamuiHozo MOOeN08anHs,
eKCNepUMeHmMalbHOI nepesipku ma 6a2amoxpumepiaibHoi onmumizayii.

KuarouoBi ciioBa: pociunna 6iomaca, ywjinvHenHs, OpuKemy8auHs, npec, muck,
WINIbHICMb, eHepP2OEMHICIb, ONMUMIZAYIA

3pocTaHHs MOTpeOM Yy BUKOPUCTAHHI MICHEBHUX BIJIHOBIIIOBAHUX PECYPCIB
3YMOBIIIOE HEOOXIIHICTh €(PEeKTHBHOI MEPEepOOKH COJIOMHU, JYIIMUHHSA, CTEOJIOBUX
PEIITOK Ta IHIIMX BHUJAIB POCIMHHOI OloMacu. Y BUXIIHOMY CTaHI Taka CHUPOBHHA
XapaKTEePU3YETHhCS MaJIOK0 HACHUITHOKO IIUIBHICTIO, HEPIBHOMIPHOK CTPYKTYPOKO Ta
3HAYHUM 00'€éMOM, 10 YCKJIQJHIOE TPAHCTIOPTYBaHHS 1 30epiranHs. YIIUIbHEHHS J1a€
3MOTY IMJABUIIMTA KOHIICHTPAIil0O eHeprii B OJMHHII 00'€eMy Ta OTPUMYBATH
CTaHJIAPTU30BaHUN  TBepAMM  OlomajMMBHUM TPOAYKT. BomHodac HaaMipHE
MiIBUIICHHS THUCKY HE 3aBXKIU 3a0e3neuye MpOMOpIiifHEe TMOKpaIIeHHs SKOCTI,
OCKUTBKU CYIPOBOJIKYETHCS 3PDOCTAHHSIM €HEPreTUYHHX BHUTPAT 1 HaBAaHTAXCHb Ha
poboui opranu. TuCk, yac BUTPUMKH Ta TepTsA 00 CTiHKH (HOPMYBaJIbHOI KaMepH
CYTTEBO BIUIMBAIOTh Ha PO3MOJUT THCKY M IIUIBHICTh OPHKETY, a YHCEIbHA MOJICIb
MOKe OyTH BUKOPHUCTaHa JJIs yIoCKOHAJICHHS (hopmu kaHamy [1].

[Ipouec ymiiIbHEHHS JOIUIBHO OMHCYBAaTH 4Yepe3 3B'I30K MIDK Macoro
CUPOBUHH, 00'eMOM C(HOPMOBAHOTO BUPOOY Ta CHIIOBUMHU IMapaMeTpaMu MpecyBaHHS.
CepenHio UIUIBHICTh BHU3HAYAEMO K p=m/V, a mpOAyKTUBHICTh - Q=m/t. [Tutomy
CHEePrOEMHICTh MOJKHA OIIHUTH CITiBBiIHOMEHHSIM ¢=N/Q, ne N - IOTYXHICTbh
npuBoja. {7 TBHHTOBOTO Tpeca MOMEHT Ha Bally BH3HAYAETHCS YEPE3 OKPYKHY
CWIIy Ta pajiyc ii mpuKIagaHHs, a MOTYXHICTh - 4epe3 dacTtoTy obepranns ta KKJ|
npuBoa. Mojens MOBMHHA TAaKOK BPaxOBYBAaTH BOJIOTICTE W 1 cepemHiid po3Mip

YaCTUHOK d, OCKUIBKM BOHHM BHM3HAYalOTh IIJIACTHUYHICTh, TEPTS Ta 3JaTHICTH
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Marepiany 10 (OpMYBaHHS MILHOI CTPYKTypu. [l onTumizamii  JOLIIBHO
chopmyBatu 1iIbOBY (PyHkuito F=f(p,e,Q,06) 3 omHOYAacCHUM 3a0€3MEUCHHIM
OOMEXEHb 3a IMOTYXKHICTIO, MIIHICTIO KOHCTPYKUIi Ta JONYCTUMHM THUCKOM.
[IpakTH4YHO paliOHAIIBHO IMIYKAaTH HE OJWH EKCTPEMYM, a KOMIPOMICHY 0O0JacTh
PEXHUMIB, y SKIH HOPUPICT LIUIBHOCTI HE CYNPOBOKYETHCS HEMPOMOPLIAHUM
3pOCTaHHSM eHeproBuTpart. Takuil miAXia BIANOBIAA€E Cy4acHI TCHACHIIT TO€HAHHS
CTATUCTUYHUX MOJEJICH 1 YMCEeIHHOTO aHali3y MpoIecy yIUIbHeHHS [2, 3].

Jlis iHKEHEPHOTO MPOEKTYBAHHS JIOIUIBHO PO3IIIAIATH THCK, BOJOTICTh, Yac
BUTPUMKH Ta PO3MIp YaCTHMHOK SK OCHOBHI KepoBaHi (aktopu. Ilpm mpomy THCK
3a0e3neuye (OpMyBaHHS KOHTAaKTy MDK YaCTHMHKaMH, a 4ac BUTPUMKH CIIPHSE
nepepo3noaAlly HampykeHb 1 craldumizamii cTpykTypu. ExcrniepumeHTanbHl AaHl s
IIPOMHCJIOBOTO IIITAMITIOBOTO TIpeca CBiUaTh, 110 BILIUB Yacy BUTPUMKH MOXE OyTH
BU3HAYAJIBLHUM JIJII OTPUMAHOI MIIILHOCTI, & BpaXyBaHHS TEPTS JA€ 3MOTY MOSICHUTH
HEPIBHOMIPHICTh THUCKY B KaHaJi [4].

Jlns arpapHUX BIIXOAIB Ba)KJIMBE TAKOX IOINEpPETHE MOAPIOHEHHS, OCKUIbKU
JUCTIEPCHUM CKJIaJ BIUIMBA€ Ha YIIUIBHIOBAHICTh Ta MEXaHIYHY CTIMKICTH BHUPOOY.
JlocmipkeHHsT OpUKETIB 3 PI3HUX BIAXO/IIB MOKA3yIOTh CTATUCTUYHO 3HAYYIIHMH BILJIUB
BUJly CHUPOBMHHM, THCKYy 1 pO3MIpy YaCTMHOK Ha MEXaHI4HI Ta TaJIuBHI

XapaKkTEPUCTUKH [5].

NiproToeka MonepenHe OcHOBHE MoTosuMi
CHPOBHHK Hozysanua YWLiNbHEHHA npecyBaHHA OxOADIMKEHHA GpureT

Pucynok 1. Y3aranpHeHa cxema mporiecy yIIuibHeHHs pOCIHMHHOT 0ioMacu

JIjist THKEHEPHOTO TPOEKTYBAHHS JOIUIBHO PO3IIISIIATH THCK, BOJIOTICTh, Yac
BUTPUMKH Ta PO3MIp YAaCTHHOK SIK OCHOBHI KepoBaHi (aktopu. [Ipm 1ipomy THCK
3abe3neuye (GoOpMyBaHHS KOHTAaKTy MDK YaCTHHKAMH, a Yac BUTPUMKHU CIPHUSE
Mepepo3NoALTY HANPYXeHb 1 cTabimizarii cTpykrypu. ExkciepuMenTanbHi qaHi aiis
MIPOMHUCIIOBOTO IITAMIIOBOTO TIpeca CBiA4aTh, IO BIUIMB Yacy BUTPUMKH MOXKE OyTH
BU3HAYAJBHUM JIJII OTPUMAHOI IMIUJTBHOCTI, 8 BpaXyBaHHS TEPTA JA€ 3MOTY TOSICHUTH

HEPIBHOMIPHICTh TUCKY B KaHAJII.
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JUist arpapHMX BIAXOJIB BaXKJIUBE TAKOXK IMONEPENHE MOAPIOHEHHS, OCKUIBKH
JUCHEPCHUM CKJaJ BIUIMBA€ Ha YIIUIBHIOBAHICTh Ta MEXAHIYHY CTIMKICTH BHPOOY.
JocnimkeHHs: OpUKETIB 3 PI3HUX B1IXO/11B OKA3YIOTh CTATUCTUYHO 3HAYYLIUI BILJIUB
BUJly CHUPOBMHM, THCKY 1 PO3MIpy YaCTHHOK Ha MEXaHI4HI Ta NaluBHI

XapaKTEPUCTUKHU.
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PrcyHok 2. YMOBHA 3aJIe)KHICTh MUTOMOT €HEPrOEMHOCTI BiJl PSKUMY ITPECyBaHHS

MopentoBaHHSI MPOLECY YIIUIBHEHHS POCIMHHOI OloMacu Ja€ MOXJIUBICTH
NeperTH BIJ EMIIIPUYHOTO BUOOPY PEXKUMIB JO OOIPYHTOBAHOTO BH3HAYCHHS
KOHCTPYKTHUBHO-TEXHOJIOTTUHUX  MapaMeTpiB  mpeca. HalOuipm  3Hadymmmu
dakTopaMu € THUCK, Yac BHUTPUMKH, BOJIOTICTb, AMCHEPCHUN CKJIAJ, TeOMETpisd
dbopMyBaTBbHOTO KaHajdy Ta IMIBHAKICTH poOodoro oprana. J[OUUIBHUM KpUTEPIEM
omnThMIzalli € oJxHOo4YacHe 3a0e3leyeHHs HEOOXIMHOI IIUIFHOCTI Ta MEXaHIYHOI
CTIHKOCTI OpHKETy 3a MIHIMQJIBHOI TIUTOMOI €HEProeMHOCTI. BukopucTaHHS
YUCEIBbHUX MOJIeJIeH pa3oM 3 eKCIEPUMEHTAJbHOI BepU(DIKAIIEI0 JT03BOJISIE
OI[IHIOBATH PO3MOALT TUCKY, MPOTHO3YBATH SIKICTh BUPOOY Ta 3MEHIITYBATH KUIbKICTh
HATypHUX BUIMPoOyBaHb. OTpUMaHi MOJOKEHHS MOXYTh OYTH BHUKOPUCTAHI I/ 4ac
MPOEKTYBAHHS NIHEKOBUX, IITAMIIOBHX Ta TOPIIHEBUX TIPECIB [JIsi POCIUHHOT
cupoBUHH. Pe3ynbrat MOXKYTh OyTH BUKOPHUCTAHI JIJIsl IONIEPETHBOTO MPOEKTYBAHHS
mpeciB, BUOOPY Jiama3oHy pPoOOYMX THCKIB, OIIHIOBAHHS ITOTY)KHOCTI IPUBOJA Ta
TJTAaHYBAaHHS €KCIIEPUMEHTIB 3 YIIUTBHEHHS COJIOMHU, JIYIITTHHHS 1 CTEOJIOBUX PEIITOK.
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Abstract: The paper considers modelling of plant biomass densification and
determination of rational parameters of pressing equipment. The model accounts for
compaction pressure, moisture content, particle size, retention time and forming-
channel geometry. A set of performance criteria including briquette density,
throughput and specific energy consumption is proposed. The combination of
mathematical modelling, experimental validation and multi-objective optimization is
substantiated.

Keywords: plant biomass, densification, briquetting, press, pressure, density,
energy consumption, optimization
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