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B cmammi po3ansidaembcs iHmeHcugHiCmb pyliHy8aHHs 3epHa 3 MOYKU 30py onmumisauii npouecy, aHanizy pesynbmamig
excnepumermanbHux 00CriOXeHb No NOOPIBHeHHI0 3epHa nodpibHIosayem ydapHoi Oii 3 ypaxysaHHIM ONMUMATbHUX KOHCMPYKMU-
8HUX napamempig. [Jocnidxysanucs 83aemodisi 3epHUHU 3 yOapHUMU eneMmeHmamu pomopa ma gidbugHUMU nacmuHamu cmamo-
pa, npogedeHo aHanimuy4Hi Po3paxyHKU KOHCMPYKMUBHUX eneMeHmis, wo 6e3nocepedHbo 8niuearmb Ha IHMEHCUBHICMb PYUHY-

B8aHHA 3epHa.
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[Mocmaroska npobremu: Y TeXHOMNOrii MPUroTyBaHHS
KOPMIB OOHMM i3 OCHOBHMX € NPOLEC NOAPIGHEHHS, O 3yMOB-
neHe 300TEXHIYHMM Bumoram. [oapibHeHHst maTepiany Bigdy-
BAETLCA 3@ PaxyHOK MOCMILOBHOI MeXaHiuHOI B3aemogii ioro 3
AKTUBHUMU (POTOPOM) | nacuBHUMM (cTaTopom) poBouMMK
opraHamu. [1py yAapHUX HaBaHTaXEHHSIX Ha 3ePHO, B HbOMY Ha
noyaTkoBiln cTafii pyMHyBaHHS 3'ABASIOTLCA CyOMIKPOCKONiYHi
TPILWWMHM 3 PO3BDKHOCTAMM ABOX CYCIOHIX aTOMHWX LiapiB B
HanpAMKY, e CUMU MDKaTOMHOTO TSXIHHA CTaloTb AyXe Manu-
MW. B noganbluomy MOLIKOMKEHHS 3epHa HabyBae 3HAuHO
BinbLUMX PO3MIPIB 3@ PO3MIPU CTPYKTYPHUX 3B'A3KIB 3€pHA, LLO B
KiHLi NpuU3BOANTb 4O YTBOPEHHS MIKpOTpiwmHKM[1,2]. PyiHyBaH-
HS1 3epHa Ha ApiOHI YacTWHKN BigbyBaEeTbCs 3a paxyHOK eHeprii,
fika | BUKOHYe poboTy no nogpibHeHH0. B peaynbTati nogpi6-
HEHHsl YTBOPIOETbCS BENUKA KIMbKICTb YaCTUHOK 3 "BUCOKO po3-
BWMHEHOK" MOBEPXHE0, L0 CrpUse MPUCKOPEHHIO MPOLECis
TPaBMNEHHS Ta 3aCBOEHHS MOXUBHUX PEYOBWH TBapuHaMu[3].
MogpibHioBaYi ygapHoi fii € "KOHTaKTHUMK" 32 CBOEKD KOHCTPYK-
Lieto, Wo 3abe3neyye BICOKY CTYMiHb MOLPIGHEHHS Ta 3HVKEHHS
€HeprosuTpar.

BcraHoBneHHs BigOMBHMX NNACTUH Mg PisHUM KyTOM
[03BOMSE 3MIHUTK CTYMiHb nogpibHeHHs BHacnigok Garatopa-
30BOI yAapHoi fii Ha 3epHO B MoApiOHIOBarbHIN kamepi, a came
MiX yOapHUMW efneMeHTamu poTopa Ta CTaTopoMm. Tomy 3a
MeTy Hawwx JocnimpkeHb Oyno NPUIAHATO BM3HAYUTM BNAVB
AeskiX napameTpis noapibHioBaya, a came - NOMOXeHHs Bifou-
BHWX NNACTUH Ha NiABULLEHHS OTO ePEKTUBHOCTI poboTH.

®opmyniosaHHs yineli cmammi (nocmaHogka 3aedaH-
Hf1). Bu3HauMT onTUMarbHi 3HaYeHHs KOHCTPYKTUBHUX napa-
MeTpiB NoapibHI0BaYa LU0 CyTTEBO BNNMBAKOTL HA IHTEHCUBHICTL
PYHYBaHHS 3epHa.

AHaniz ocmanHix docnidxeHs i nybnikauit. MoppibHew-
HS 3epHa Ha ICHYHUMX NiHIAX NPUrOTYBaHHS KOPMOBUX CyMiLLE
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npoBoauTLCA B HaraTbox BuNagkax nogpibHioBavamm yaapHoi
Jii. NS BU3HAYEHHS ONTUMAMNbHOrO CMiBBIAHOLLIEHHS MOKa3HM-
KiB SIKOCTi KOPMIB Ta BMTpaT €Heprii Ha noapibHeHHs 3epHa
HeobxiagHi nopanblui JOCMIMKEHHS, TaK sk eHepreTUyYHi BUTpaTy
3anexatb Big GaraTbox hakTopiB. AHani3 aHaniTU4HuX gocni-
[KEHb NMPWUBOAWTL A0 BWUCHOBKY, LLO MOMOTKOBI NoapibHioBaui
MaloTb psAf Hedonikis, a came - Benuka MeTaroeMHIiCTb Ta
€HEProeMHICTb,  HEepIBHOMIPHUI  rpaHYNOMETPUYHUIA  cknag
noapibHIOBanbHOTO MaTtepiany, LUBWAKE 3HOLWYBaHHS poboumx
opraHiB Ta iH. B MonoTkoBux apobapkax nig NpsMUi LIeHTparnb-
HW yaap noTpannse nuwe 5% 3epHa Bif 3aranbHOI KiNbKOCT
nogpibHioBanbHOro Matepiany [4]. BukopucTaHHs eHeprii Ha
NoapiOHEHHs1 3epHa € CKNagHOK (YHKLIE AESKMX 3MIHHUX
BEMUYKH, a caMme (i3MKO-MeXaHiYHWNX BNacTMBOCTEN NoapioH:o-
BanbHOrO Martepiany, TEXHOMOMYHUX, KOHCTPYKTUBHUX Ta reo-
MeTpU4HMX napameTpis pobounx opraHiB. 3HauHW BKnag B
PO3BMTOK Teopii MoApIOHEHHS 3epHOBMX MaTepianiB BHECIH
B.M. Topsiukin, B.I. Cuposatka, C.B. MenbHukos, I.I. PeBeHko,
O.M. TMununeHko Ta iHWi BYeHi. BBaxaemo 3a pouinbHe cnpsi-
MyBaTV JOCiMKEHHS NpoLecy NoapibHEHHs 3epHa Ha yaOCKo-
HaneHHs1 BWKOPWCTaHHS EHeprii akTMBHOrO ydapy pobouumu
opraHamu. Tomy, HeoBXigHO MPOBECTW LOCTIZXEHHS CrpsMO-
BaHi Ha BW3HAYEHHS eHeprii pyliHyBaHHS 3epHa Ta BNAMBY Ha
Lien NpoLiec KOHCTPYKTUBHUX NapaMeTpiB nogpibHiosava.

Mema docnidxeHHs. OBIPYHTYBATU ONTUMANbHI KOHC-
TPYKTUBHI NapameTpu nogpibHioBa4a 3epHa ymapHoOi Aii ski
30aTHi 3a6e3neynTn MiHiManbHi BUTPaTK eHeprii Mpu Makcuma-
TNbHIN IHTEHCUBHOCTI PYHYBaHHS 3epHa.

Pesynbmamu docnidxeHHs. [JocnimxeHHs NpoBoANNNCS
y MixdakynbTeTchbkin nabopatopii cyuacHnx TexHonorin Cymcb-
koro HAY i cnpsiMoBaHi Ha BU3HAYEHHSI MAKCUMAnbHOI iIHTEHCH-
BHOCTi py/iHyBaHHS 3€pHa Mpw 110ro NoAPiGHEHHI.

Buknad ocHosHo20 mamepiany docnioxeHHs. [pose-
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LeHuin aHani3 nitepatypHux mxepen, [4,5,6,7,8] 3 poboTu nog-
pibHIOBaYIB [O3BOMNB BU3HAYNTWN OCHOBHI KOHCTPYKTUBHI i TEX-
HOMOriYHI (hakTopK, L0 CYTTEBO BMMBAOTb HA NpoLec noapib-
HEHHS 3epHa.

Mpouec noapibHeHHs B noapibHIoBaYax yaapHoi aii no-
BMHEH CTBOPIOBATW YMOBW PYWHYBaHHS 3epHa, 3a SKUX Ha Ma-
Tepian 6araTtopasoBo i€ MexaHiYHe HaBaHTaXEHHs PobounmM
OpraHamu, LU0 B CBOK Yepry Crpusie 3MEHLLEHHIO Yacy poboTu
Ha NOAPIBHEHHS Ta 3HWKYE eHEProBUTPaTH.

Mpu B3aEMOA|i 3€pPHUHM 3 YAAPHUMM eneMeHTaMn po-
TOpa BiROYBAETHCA YACTKOBE PYIHYBaHHS, a B MoAanbLOMy Mg
Jicto BiOLEHTPOBOI CWNMW 3epHWHA NOTpannse Ha BinbuBHY
nnacTuHy cTatopa, Ae i Mae MicLe NpoLec iHTEHCMBHOIO PyMHy-
BaHHs. [pn LbOMY 3epHWHA B pesynbTarti yaapy MOBHICTIO He
PYWHYETBCA, @ €Hepris BUTpaYeHa, npouec nogpibHEHHs Moxe
OyTn He 3aBepleHni. Lo npobnemy posrnsHyTo B poboTi [9]

ane npouec noppibHeHHs, focnimkyeascs 6e3 ypaxyBaHHs
BiAOVBHMX NNACcTUH y BATNAAI KOHCTPYKTUBHUX €NEMEHTIB CTa-
Topa. Po3pobneHa Ta 3anponoHOBaHa KOHCTPYKLUis nompibHo-
Baya ygapHoi fii ( naTeHT Ha kopucHy mogenb UA Ne 115612
U.,B02C 13/2., 25. 04. 2017, Bton. Ne8) [8] mo3Bonsie 3Ha4HO
MigBULLMTY CTYMiHb NOAPIGHEHHS!, 3aBASAKM 3HAYHOTO NiABULLEH-
Ha "mobosoro" ypapy. [lMpouec nogpibHeHHs npuBedeHO Ha
cxemi (Puc.1). Mpu obepTanHi potopa, noapibHIoBanbHUA Ma-
Tepian 3 3axonneTbes yaapHUMmu enemenTamu 1 i Hanpasns-
€TbCA Ha BiOOMBHI NNAcTUHM 2, SKi 3aKpinneHi M poTOPOM i
cratopoM. [pu LbOMy, Take posTallyBaHHS BiOWBHWX NNACTUH
2 3abesneyye pyx matepiany nepneHaukynspHoO A0 iX nnoL.
TobTo Mae miclie "no6oBuA" yaap 3epHUHM MO BiHOLLEHHIO A0
Bin6bWBHMX nnacTuH 2. Mpu Takomy posTallyBaHHi BiBOGWBHOI
nnacTuHW 2, cuna yaapy 6yae MakcumarnbHOW, a BinoBiAHO |
MaKCMManbHOHK IHTEHCUBHICTIO PyNHYBaHHS.

Puc.1. Cxema nogpibHeHHS.
1-yOapHuli enemeHm pomopa; 2-8idbugHa nnacmuHa cmamopa;
3-nodpibHIo8ansHUl Mamepian; a-Kym Mix Hopmanio Ao nogepxHi 8idbuHOI nnacmuHu
ma HanpsMKoM pyxy pomopa; Vs —HanpsIMoK pyXy 3epHUHU.

3 METOK aHaniTMYHOrO OrpPYHTYBAHHS MaKCUMarbHOI iH-
TEHCWUBHOCTI PYWHYBaHHS 3epHa Nnpu NOro NogpibHEHHI po3rns-
HEeMO nogpibHEHHS 3 BUKOPUCTaHHAM noapibHioBaYa yaapHoi gii
(Puc.1) po KOHCTPYKTUBHUX ENEMEHTIB SIKOTO, BXOASATL BifOWBHI
nnacTuHK cTaTopa.

Konn 3epHuHa notpannse fo poboyoi kamepu B 30HY
nogpibHeHHs nofpibHIOBaYa BOHA 3YCTPIYAETHCA 3 YAAPHWM
€MeMEHTOM poTopa, A€ YacCTKOBO Nignarae pyWHyBaHHI, a
noTiM NOTpannse Ha BigOMBHY NNACTMHy CTaTopa, e Mae Micle
yaapHuit imnynsc S [9].

Vs =v rsina-/1+¢&?-ctg?a

ae Vs — WBWAKICTb 3epHUHY Micns yaapy, M/c;
V- niHiHa WBMAKiCTb poTopa, M/C;
@ — KyT MixX HOpMarnmo 40 NOBEPXHi BiOWBHOT NNaCTUHM
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S = [ Fadt —m,(V; — ), (1)

ae F[ - cuna ygapy no BigbveHi nnacTuHi, H;

m3 - Maca 3epHUHH, K2;

v3 i V3 — WBMAKICTb 3epHWMHW BIZMOBIAHO 4O Ta nicns
yaapy, m/c.

AKWo noBepxHst BinGWUBHOI NNACTMHK igeanbHO rmaaka
Ta XOPCTKO 3aKpinneHa g KyToM a [0 HanpsMKy pyxy potopa,
TO MOXHA BW3HAUMTV LWBMOKICTb Ta HaMpPsM MOMbOTY 3EPHUHM
nicns ygapy no BigbweHii nnacTuHi[8).

; B = arcctg(e - ctga) (2)
Ta HaNpPsIMKOM PyXxy poTopa, 2pad;
B — KyT BiBOMTTA 3epHUHM Bif NOBEPXHi yAAPHOrO ene-
MEHTY poTopa, epad;
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€ — KoeqDiLlieHT BiAHOBMNEHHs 3epHUHK NiCNs yaapy, sKui
BW3HAYAETLCA 3 AOBIAHMKA, ab0 eKCNepPUMEHTANBHUM LUMSIXOM
3a 3anexXHicTIo;

€ =/hg/h(3)

ae he — BUCOTA BiAOUTTS 3ePHWHN B NOBEPXHI NNacTu-
HW, M;

hn— BUCOTA NAAIHHS 3€PHUHK, M.

3a CBOE CTPYKTYPHOIO BYL0BOK 3€PHO SBMSETLCS aHi-
30TPOMHMM He igearnbHO MPYXHUM TiNOM, WO Mae CBOE He-
Bi[ EMHE 3HAYEHHSI MPYXHOCTI, Ta 3yCWUNAS LWO NpUKNajeHe Ha
PYiHYBaHHs, TOMy MOTPIOHO BpaxoByBaTh Taki MOKA3HWKA SK
MoLya NoBEPXHi 3epHUHM Ta Ti 06'eM.

Mnowly noBepxHi 3epHUHW Ta 00'EM MOXHa BU3HAYUTU
3a Bupasamu [4]:

Ae S;- NroLya noBepxHi 3epHUH, M2
Vs-006'eM 3epHUHM, M3,

a, b , | - BIBNOBIAHO TOBLYWHA, LWIMPUHA Ta JOBXMHA 3€-
PHUHY, M,

R=(5a+ 6b )/60 — npuBeaeHWit pagiyc 3epHUHU, M;
K - koedbiLjieHT, Lo BpaxoBye hOPMY 3EPHUHN.

Po3mipu 3epHa, NoKa3HWKW MiLHOCTI, COPT Ta MOro BONo-
rcTb BMNMBAOTb Ha NpoUEec noapibHeHHs i3 BigMOBIAHMMM
[OOATKOBAMM BUTpaTamMm ski NOTPIOBHO BpaxoByBaTh Mpu po3-
paxyHKax Ta aHaniay pynHyBaHHs.

[ns BW3HAYEHHS PO3MIPIB 3E€PHWHU 3aCTOCOBYEMO 3a-
NeXHocTi:

dnp-=(5a+6D)730 5)

YMOBOI MoapiOHeHHs! 3epHUHW Byae ChiBBIOHOWEHHS:
Fa > Fpym, A€ Fpym. — CUNA pyiHyBaHHS 3epHa CTUCKOM. BusHa-
YAMO CUITY PYIHYBaHHS 3epHa 3a BUPa3oM:

Fp _ Mz -w-sina \/E‘(1+52~Ctga)-(—/1) (6)

" (Ga+60)/30 | (+pu)-0-24)p

Oe Fp — cuna pyiHyBaHHS 3epHa, H;
m3 - Maca 3epHUHM, Kr;

@ - wengkicts pyxy potopa, ¢

a, b , | - TOBLUWHA, WMPWHA Ta JOBXWHA 3€PHUHU, M;

O - kyT MiX HANPSIMOM PYXy 3epHUHI NicNs B3aeMoii
i3 yOapHUM enemMeHTOM i BigOMBHOK NNacTuHo, 2pao;

E - mogynb npy»KHOCTi 3CyBHWX Aecdhopmallii;

€ - koediLlieHT BIOHOBMEHHS 3ePHUHI Micns yaapy (3a
LOBIZHVKOM);

H . koediLieHT nonepeyHoi aecdopmallii Ans 3epHa (B
PO3yMiHHi koediuieHTa lMyaccoHa);

P r'YCTUHa 3EPHUNHN.

[Ons Haworo BuNagky, TOMKA KOHTaKTy 3 BiAGMBHOI
MNACTUHOK 3EPHUHM, 3 YpaxyBaHHSM MOMoXeHHa kyta &
moxe Oyt omucaHa 3 AOCTATHbOK BIPOTIHICTIO YaCTMHOM
copmynn(6), a came:

mz- w - sina
k= (5a+6b)/30 (7)

Ae Fp- cuna pyiHyBaHHs 3epHuHN, H;

m, .
- Maca 3epHUHY, KT;
@ - wengkicTb pyxy potopa, ¢
O - kyT MiX HANPSIMOM PYXy 3epHUHI NiCNs B3aeMoii
i3 yOapHUM enemMeHTOM i BigOMBHOK NnacTuHo, 2pao;

a, b , | - TOBLUMHA, WMPKHA Ta JOBXMHA 3E€PHUHM, M;

AHanisytoun opmyny (7) NPUXOAMMO 4O BUCHOBKY, LLO
Hanbinblia IHTEHCUBHICTL PYMHYBaHHS 3epHa NoApibHIOBaYEM
yaapHoi fii 3a cxemoto (Puc.1) 3 BCTaHOBMEHUMM BigOUBHUMM
nnactuHamu BigOyBaETbCA MPU KyTy MONOXEHHS BiAOMBHOI
nnactuHn — a = 90°. TakoX, NO3UTUBHO Ha IHTEHCWBHICTb pyi-
HyBaHHs Oyae BNnMBaTX Maca 3epHWHM Ta MiHiHa WBMAKICTb
yaapHoro enemeHTy. Mpu a = 90° mae micLe "nobosuir” yaap. 3i
30inblUeHHAM ab0 3MeHLWeHHsM kyTa o (Ginble abo MeHLwe
90°) iHTEHCMBHICTb PYIHYBaHHS 3HKYETHC.

BucHOBOK. AHaniTMyHO BM3Ha4yeHa Ta eKkcrnepumeHTa-
NbHO NiATBEpPAXEHA MakcuManbHa edheKTUBHICTb NOApPIOHEeHHs!
3epHa noapibHIBaYem yaapHo Aii Npy BCTAHOBNEHHI BigbUBHNX
nnactuH nig kytom 90° 0O HaNpsAIMKY PyXy 3epHMHY, Lo 3abes-
NeyYyyeTbCs MakCUMAnbHO IHTEHCUBHICTIO 10r0 PYMHYBaHHS.
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Destruction of grain by working bodies of the impact cutter.

The article discusses the intensity of grain destruction from the point of view of process optimization, analysis of the results of
experimental studies on grain refining with an impact grinder, taking into account the optimal design parameters. The interaction of
grain with rotor impact elements and stator chops was investigated, analytical calculations of structural elements that directly affect
the intensity of grain destruction were carried out. The grinding process in impact grinders should create conditions for the destruc-
tion of grain, under which the material is repeatedly subjected to mechanical loading by the working bodies, in turn, this helps to
reduce the time for grinding and reduces energy consumption.

When the grain interacts with the impact elements of the rotor, partial destruction occurs, and later, under the action of the cen-
trifugal force, the grain falls on the stator reflecting plate, where the process of intensive destruction takes place. In this case, the
grain as a result of the impact is not completely destroyed, and the energy is expended, the grinding process may not be completed.
The grinding process was studied without taking into account the chop plates in the form of structural elements of the stator. The
design of a percussion grinder has been developed and proposed (patent for a useful model UA No. 115612 U., B02C 13/2, 25 04.
2017, Bul. No. 8), which allows to significantly increase the degree of grinding due to a significant increase in "frontal" impact.

The principle of operation of this design is as follows - when the rotor rotates, the crushed material is carried away by the impact
elements and directed to the chop plates fixed between the rotor and stator. This arrangement of the baffle plates ensures the
movement of material perpendicular to their area. That is, there is a "frontal" impact of the grain in relation to the chops. With this
arrangement of the reflective plate, the force of destruction of the grain is greatest, and, accordingly, the intensity of destruction will
be maximum.

Analyzing the results of the study, we come to the conclusion that the greatest intensity of grain destruction by a percussion
grinder with installed chops occurs at the angle of the reflective plate position in relation to the direction of grain movement (a = 90°).
Also, the grain mass and the linear velocity of the striking element will have a positive effect on the intensity of destruction. At a = 90°
"frontal” impact takes place. With an increase or decrease in the angle a (more or less than 90°), the intensity of destruction de-
creases.

Key words: intensity of destruction, grinding, grain, degree of grinding, baffle plate, impact element.

[ata HagxomxeHHs go peaakuii: 19.09.2020 p.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurety

25

Cepist «MexaHisauist Ta aBTomaTtusauis BUpobHMUnx npoueciey», Bunyck 2 (40), 2020



