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Cratuyeckoe M gMHaMM4ecKoe BO3AEUCTBUE CUN
Ha 06MoNauMBaeMblil NOYATOK KYKYpys3bl

B.M. MorocsH, A.A. TonyakToB

Kyb6aHckuit rocyaapcTBeHHbIi arpapHblii yHuBepcuteT umenu W.T. TpybunuHa», KpacHopap, Poccuiickas ®Oepepaums

AHHOTAUMA

06ocHoBaHMe. CKOPOCTHOW KMHOCHEMKOWM YCTAHOB/EHO, YTO MOYATOK, NoNagas B 3a30p MOJIOTWILHOMO annapata, B 6onb-
LUMHCTBE C/Ty4aeB 3aHUMAET MOOXeHWe, NapannenbHoe ocv bapabaHa. MpuMeM, 4To NnockocTb fencTBus paboyero ane-
MeHTa MoioTunbHoro bapabaHa (buya) coBnapaeT ¢ obpasytoweit noyatka. Moyatok npu BcTpeye ¢ 6uyoM BpallaloLerocs
bapabaHa U3MeHSIET peXuM ABWKEHWS B pe3ynbTaTe yaapa buua no noyatky. Yoap MoXeT npou3oiiTi Toraa, Koraa noyarox
eLUE He JOCTUTHET NNAHOK AEKM, TO CTb NOYATOK MOJYUUT YAap «BNET».

Lienb nccnepoBaHus — onpefenieHne CTaTMYECKOro M AMHAMUMUECKOr0 BO3AEHUCTBUA CM Ha 0BMonauMBaeMblid NMOYaToK
KYKYPY3bl, pac4éT HeobX0anUMOii Cuibl OTPbIBA 3ePHOBKM OT NMOYATKa B 3aBMCMMOCTM OT Ko3dduLMeHTa TpeHus.

Matepuansl M MeTopbl. BenmumHa MexaHuyeckoro Bo3pencTBUS pabounx OpraHoB MONOTUIIKM CHOMOB YHWUBEPCANbHOM
(MCY) Ha 3epHO KyKypy3bl B No4aTKe OrpaHM4MBAETCA He TOJIbKO MPOYHOCTHLIMM CBOMCTBAMM 3aLLMTHOM MNI0L0BOM 0060/104-
KM, @ TaKXKe CUNOIi CBA3M 3epHa CO CTepXHEM B 00/1aCTU HOCKa, cepeayHbl M KOMAIA. 3HaHWe AaHHOW MeXaHWUKO-TEXHONOMM-
UECKOI XapaKTEPUCTUKM NO3BOASET NOBLICUTL YPoBEHb AMd(epeHLMpOBaHNSA CUIIOBOr0 BO3LENCTBUS HA NOYATKU KYKYpy3bl
CO CTOPOHbI pabounx opraHoB MpUMeHsieMbIX MaluWH. YKasaHHoe 0B6CTOATENbCTBO NO3BOMISET TPAHCMOPTMPOBaTb MOYATKM
KyKypy3bl 6e3 nucToBoi 06EpTKYW, OPUEHTMPOBATL UX B MPOCTPAHCTBE W A03MPOBAHHO MOJABaTb HA COOTBETCTBYIOLLYIO 06-
paboTKy, a TakKe obMonaumBaTh 6e3 HaHeceHUs 3epHY MaKpo- Y MUKPOMOBPEXAEHUNA.

Pe3ynbTarthbl. /I3MeHeHWe BNAXHOCTU 3epHa, a CeA0BaTeNbHO, M M3MeHeHWe Ko3hdULMEHTa TPEHUS 3epHa MO 3epHY TaKxe
B/IMAET Ha COOTHOLLEHME MEXKIY NPUNOXKeHHON Harpyskoi P b peakTtusHoi cunoii N. Tpu ognHaKoBoi Harpyske P, npuno-
JKEHHOW K CyXOMy 1 BRaHoMy mouatky, AasneHue N Ha cyxoe 3epHo 6onblie, YeM Ha BNaXHOe, M BbIMOJIOT 3E€peH Y CYXuX
MOYaTKOB KYKYPY3bl OCYLLECTBASETCA C MEHBLUMMU BHELUHUMM cuiaMu P npu cBobogHOM npsMoM yaape.

3akuitouenme. [Mpouecc 0bMonoTa yoapoM «BNET» 3aTPYAHSETCA C YBENUYEHWEM BIaXKHOCTU KYKYPY3HbIX MOYaTKOB BBUAY
YBENMUYEHNS TPeHUs 3epHa no 3epHy. 06MoNOT No4aTKOB KyKypy3bl CBOHOAHBIM yAapOM NMPEKPaLLAETCa NPy BNAXKHOCTY 3ep-
Ha, CooTBeTCTBYIoLLEH KoadduumneHTy Tpenus f = 0,22. BoiBeieHHble TEOPETUYECKME 3aKOHOMEPHOCTH NOATBEPAMIUCE 3KC-
NepUMEHTANbHBIM MYTEM.
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Static and dynamic influence of forces
on a being threshed corncob

Vladimir M. Pogosyan, Alexander A. Poluektov

Kuban State Agrarian University named after I.T. Trubilin, Krasnodar, Russian Federation

ABSTRACT

BACKGROUND: With the use of high-speed shooting, it was found that the corncob, getting into the gap of the threshing
unit, generally, takes a position parallel to the drum axis. Let us accept that the plane of operation of the working body
of the threshing drum - the beater — coincides with the generatrix of a cob. The cob changes the motion mode because
of the impact of the threshing machine beater on the cob. The impact can take place in the moment when the cob even does not
hit the deck cleats, so the cob gets a flying kick.

AIM: Deriving the static and dynamic influence of forces on the being threshed corncob. Defining the necessary force of corn
seeds breaking-off from the cob in dependence on the friction coefficient.

METHODS: The value of mechanical impact of working bodies of the orienting-metering loading device and the threshing-
separating device on a corn seed is limited not only by strength properties of the protecting corn cover, but by the link strength
between a seed and a cob in the nose, middle and root areas. Knowledge of this mechanical-technological property helps
to increase the level of variability of force impact in corncobs from the side of working bodies of the used machinery. It helps
to transport the corncobs without husk, to orient them in space, to supply in small increments for the proper processing
and, in addition, to thresh without causing any macro- and microdamages to the seeds.

RESULTS: The seed moisture change and, consequently, the seed-to-seed friction coefficient change also influences
on the ratio between the applied force P and the reacting force N. With the same load P applied to the dry and the moisty cobs,
the pressure N on the dry seed is higher than on the moisty one, and seed threshing from the dry cobs is conducted with lower
external forces P at free direct impact.

CONCLUSION: The process of the flying kick threshing becomes more difficult with the increase of corncobs moisture due
to increase of seed-to-seed friction. The flying kick threshing of corncobs stops at the seed moisture which corresponds
to the friction coefficient f = 0.22. The obtained theoretical principles are confirmed experimentally.
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JKOHOMUKA, OPTAHMSALINA
N TEXHONIOTVA TIPON3BOLCTBA

BBEJEHUE

CKOpPOCTHOM KMHOCBEMKOW YCTaHOBMEHO, YTO MOYATOK,
nonagas B 3a30p MONIOTWILHOTO annapara, B 6onbLUMHCTBE
C/yyaeB 3aHWMaEeT NONOXeHWe, napannenbHoe ocu bapaba-
Ha. MpuMeM, yTo NNocKocTb fencTBUA paboyero anemeHTa
MonoTunbHoro bapabaHa (buya) coBnagaeT ¢ obpasyloLlen
noyatka. oyatok npu BCTpeye ¢ GMUEM BpaluatoLierocs
bapabaHa M3MeHSIET PeXWM ABMKEHMSA B pesynbTaTe yaapa
buya no noyatky. Yaap MOXeT NpoM30iTW TOrAa, Koraa no-
YaToK el He JOCTUIHET NaHOK JeKH, TO ecTb NOYaTOK No-
Jy4UT yaap «BNET». PaccMoTpuM npouecc oTAeneHns 3epHa
OT CTEPXKHSI N0YaTKa NMpU Yape «BET», MPU YCI0BUM, YTO Ax-
HaMU4ecKas Harpy3Ka HampaB/eHa K LEHTPY noyaTka.

Lienb nccnepoBaHus cocTouT B TOM, 4T0ObI ONpeaenuTb
CTaTU4YeCKOe M AMHAMUYECKOe BO3AECTBME Ui Ha obMona-
UMBaEMBIi MOYATOK KYKYpY3bl, @ TakKe onpesenutb Heobxo-
OVMYI0 CUITy OTpbIBA 3EPHOBKM OT MOYaTKa B 3aBUCUMOCTM
oT K03 PuuUMEHTa TpEHMS.

MATEPWUAJIbI U METOAbI

BenmumHa MexaHW4eckoro BO3AEHCTBMA pabounx op-
raHoB OJHOMOYATKOBOTO [APobMNILHO-3epHOBOMO arperara
(0[13A) 1 MCY Ha 3epHO KyKypy3bl B NOYaTKe OrpaHuiMBaeTca
He TO/IbKO MPOYHOCTHBIMM CBOMCTBAMU 3alLMTHOW MNIOAOBOA
060/104KM, @ TaKIKe CUNON CBA3N 3epHA CO CTEPXHEM B 06-
NacT HOCKa, CepeayHbl U KOMNS. 3HaHWe [LaHHOW MexaHUKO-
TEXHONIOrMYECKON XapaKTEPUCTUKM TMO3BONISIET MOBLICUT
ypoBeHb AU EpeHUMpoBaHMS CUNIOBOM0 BO3JENCTBUS
Ha MOYaTKM KyKYpy3bl CO CTOPOHbI paboynX OpraHoB npuMe-
HAEMbIX MaLUMH. 3T0 NO3BOJIAET TPAHCMOPTMPOBATDL MOYaTKM
KYKypy3bl 6e3 nucToBOM 06EPTKM, OPUEHTMPOBATL MX B NPO-
CTPaHCTBE M [,03MPOBAHHO MOAABaTb Ha COOTBETCTBYIOLLYIO
0bpaboTky, a TakxKe obMonaumBaTb 6€3 HaHeceHus 3epHy
MaKpO- ¥ MUKPOMOBPEXAEHUIA.

C uenbio JanbHeiLLero pasBuTUs [aHHOTO HanpaBieHus
WUCCNeaoBaHUIA OCYLLLECTBIANOCH YTOYHEHWE [aHHbIX MO YCu-
NV BbIAEPTVBAHUA OAMHOYHOTO 3EpHA U3 HOCKA, CepeanHbl
W KOMJISl NOYaTKa KyKypy3bl pasinyHbIX NOBUAOB.

PE3YJIbTATbl UICCJIE[JOBAHUA

Ecnm 0603HaumMTL Cuy, NPUIOXKEHHYHO K MoYaTKy, Yepes P,
Maccy nouatka uyepes M., W YCKOPeHUe Yepes j, TO BENMYMHA
CWTbl MOJKHO OMPEfEeNuTb U3 BbipaKeHMs:

P=M,-j (1)

3epHa nog AencteueM cunbl P byayT nepeMeluatbcs
K LIeHTPY NoYaTKa KaK KIWHbA, BbIAABNMBAs U3 MoyaTKa Co-
cefiHve 3epHa, Ha BOKOBbIX rPaHsAX KOTOPbIX BYAYT BO3HWKaTb
CWUIbI peakumm N 1 cunbl Tperus F (puc. 1).

CornacHo npuHumny [lanambepa, COCTaBUM s ABUXe-
HWs 3epHa ypaBHeHWe paBHoBecus. Bce aencTBytoLwMe Cunbl,
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TpaHTOpb\ M CENbXO3MallWHbI

YKa3aHHble Ha puc. 1, CNPoeKTMpyeM Ha oCb, COBMAAAIOLLYIO
C HanpaBneHWeM JeincTByloLLen cunbl P:

m3j+2F-cos%+2N.sin%—P=o )

[ina yCTaHOBNEHMSA 3aBUCUMOCTU MeXAy MPUIOXKEHHON
cunon P v peaKumeit cBAsen YNpocTUM MoydYeHHoe ypaB-
HEHWe, 3aMeHss AMHAMWYeCKUiA npouecc obmonoTa moyar-
KOB aHaNnor1yHbIM MPOLLECCOM, MPOTEKALLMM B CTAaTUHECKUX
ycnosusix. Koraa noyaTok KyKypy3bl MOCTEMEHHO CKMMaeT-
CA MeXAy napannenbHbIMU MI0CKOCTAMU, TOrAa YCKOpEeHue
J =10, acna:

P=2F~cosE+2N-sing
2 2

HO
F=fN

1 Toraa
.o o
P=2N-|sin—+ f-cos— 3
( > f 2) Q)

Cuna P, pencTByeT Ha 3epHO, NEPEMELLLAET ero K LieH-
TPy NoYaTKa, He OTAENAS OT CTEPIKHA. 3epHO, NepeMeLLanch
K LIeHTpY noyaTKa, NepefaéT ycuua Ha COCeAHMe 3epHa.

BbinenuM 3epHo (puc. 2) M paccMoTpuUM feiicTBUe
cun N U F, BO3HWKAIOLWIMX OT B3aUMOAeENCTBUA cunbl P
C 3epHOM 2.

PaBHogencTBytoLLas 3TUX CUN

R=\N*+(f-N) wm R=

ABNSAETCA BHELUHEH CWUNOM, paspylualolleii CBA3b 3epHa 3
CO CTEPIKHEM MoyaTKa (CM. puc. 2).

(&)
cos

Puc. 1. CxeMa aeicTBUA BO3HWKAIOLLMX PEaKTMBHbIX CUA NpY B3a-
MMOZENCTBMM CUAbl P C 3epHOM KyKypy3bl B MouaTKe.

Fig. 1. The load diagram of arising reaction forces at interaction
of the force P with the corn seed in a cob.

3N
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Puc. 2. CxeMa peiicTBMA peakTUBHbIX cunl N U F' 1 ux paBHoaen-
cTByloLLen R Ha coceiHee 3epHO KyKypy3bl B MoyaTKe.

Fig. 2. The load diagram of reactive forces V and F and their
magnitude R at the adjacent corn seed in a cob.

v

—

Puc. 3. CxeMa peiicTBus paBHogencTBytowein R cun N v F Ha co-
cefiHee 3epHO KyKypy3bl B MoYaTKe.

Fig. 3. The load diagram of the magnitude R of the forces N and
F at the adjacent corn seed in a cob.
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[leiicTBMe 3TOW CWMbI HanpaBNEHO OT LieHTPa MoyaTka
no KacaTesbHoi. Cuna R BbI3bIBaET Ha Apyron 60KOBOM rpaHu
3epHa 3 peakumio R, u cuny Tpenns F. . Cuna Tpenus F,
M cuna cBA3M 3epHa co cTepxHeM 7' 6yayT npensTcTBOBaTh
OTZENEHMI0 3epHa OT CTEPHA NoYaTKa.

[lna ycTaHOBNEHWA 3aBUCMMOCTEN MeXAay CUnamu, Lew-
CTBYHOLUMMM Ha 3epHO, COCTaBUM B BEKTOPHOW (opMe and-
(epeHuManbHoe ypaBHeEHWE ABUXEHWSA 3epHa B HanpaB/eHUM
ocK:

m3j=R-sinB—F;—T-cos% ®)
yron y=90-a

yron B=90—(¢+7)=90-(¢+90—-a)=a—¢

R.=R-cosB=R-cos(a—¢)=f- -cos(a—)
cos
N
cos @

R, =R-sinp=R-sin(a—¢)

MoacTaBnsAs 3HauyeHWe 3TUX BESMYMH B ypaBHeHue (5),
MOSYYnM:

-sin(a—¢)— /- N
cos cos

myj =
(6)

'cos(oc—(p)—T-cos%

MpupaBHuBaeM j = 0 u peLuaeM ypaBHEHWE OTHOCUTENBHO
CWNbl CBSAI3U 3epHa CO CTepXKHEM T

Lﬂ.[sin(a—@)—f-cos(a—(p)] 7)

COS(-COS—
2

T =

W3 ypaBHeHus (7) BUAHO, 4To OTAENEHME 3epHa OT CTePXK-
Hsl MoYaTKa npu CBOOOAHOM NPSMOM YLape B LIEHTP noyaTka
(aMHaMuyecKoe Bo3feNCTBME) BO3MOXHO MpU YCNOBUM Bbl-
MOJIHEHNS! HepaBEHCTBa:

sin(o—¢)> f-cos(a—¢) (8)

B cnyyae paBeHCcTBa peaKuusi 3epHOBOM HOXKM T paB-
Ha 0 u, cnepoBaTenbHO, Ha 3ePHOBYI0 HOXKKY CUna OT LieHTpa
noyaTka no paguycy He AeiCTBYeT.

®unanyeckuit CMbicn BoipaxeHus (8) 3aKnoyaeTcs B ToM,
4TO BEKTOP R Ha NMpOTMBOMOMOXHOM rpaHu 3epHa 3 (puc. 3)
Bynet B 3TOM cnyyae HarnpasneH NepreHANKYNSPHO K rpaHu
3epHa, a cocTaensiolLmiA Bektop R, = 0.

Cwna, HeobxoanMas Ans pa3pyLUeHNUs 3epHOBOM HOXKM
(oTaEneHWe 3epHa OT CTepPXHA NoYaTKa), byneT TeM MeHbLLE,
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yeM B bonbLUEN Mepe NieBas YacTb HepaBeHcTBa (8) byzet
npesbilatb npasylo. C yBenuueHueM yrna o yBenu4mBa-
eTCcA KIIMHOBMAHOCTb 3€pHa, a CrefoBaTteNibHO, obneryaet-
cl 0OMONOT KyKYpY3HbIX MOYATKOB, Y KOTOPbIX KOJMYECTBO
PAOOB 3epeH Ha novaTke HaumeHbluee. C yBennyeHueM
BNaXKHOCTW KYKYpPY3HbIX MO4aTKOB npouecc o6bMonora
YOApOM 3aTpyAHAeTCs BBUAY YBENIMYEHUS TPEHUS 3epHa
Mo 3epHy.

Ha rpadmke (puc. 4) npuBeneHa, Lns HarNs4HOCTY, pac-
cuuTaHHas no dopmyne (7) 3aBUCUMOCTb MeXay OTHOLUe-
HWEM cunbl P K paspbiBHOMY ycuiunio 7' 3epHOBOW HOMKM
U BeNuuMHOW KoadduumeHTa Tpenus. U3 atoro Tpadumka
BWAHO, 4YTO BbIMONOT 3€pHa MPAMbIM CBOOOAHBIM yaa-
POM M3 KYKYpY3HbIX MOYaTKOB MpeKpaLLaeTcs Nnpu Bax-
HOCTU 3epHa, COOTBETCTBYHOLLEH KOIDOULMEHTY TpeHUs
=022

N3MeHeHWe BNa)KHOCTM 3epHa, a CnefoBaTeNbHo, U U3-
MeHeHWe Ko3QduUMeHTa TPeHUs 3epHa MO 3epHY TaKKe
B/MSIET HA COOTHOLLIEHUE MEXAY NPUIOXKEHHOMN Harpy3skon P
U peakTUBHOW cunol N (puc. 5). Npn oauHaKoBoW Harpys-
Ke P, MPUNOXEHHON K CyXOMy W BNaXHOMY NoyaTky, Aas-
neHve N Ha cyxoe 3epHo bofblue, YeM Ha BAXHOE, U Bbl-
MOJIOT 3EPEH Y CyXMX MOYATKOB KYKYpY3bl OCYLLECTBASETCS
C MEHBLUWMM BHELLHUMM cuaMu P npu cBOBOAHOM NpsMOM

ynape.

BbIBOA

OToeneHue 3epHa OT CTEPXKHSA MoYaTKa npu cBoboLHOM
NPAMOM Yfape B LIEHTP MoYaTKa BO3MOXHO NpU YCI0BUM
HepaBeHcTBa BblpaxeHus (8). Mpouecc obMonota yaapoM
«BMET» 3aTPYAHACTCA C YBEIMYEHUEM BIAXKHOCTU KYKYpY3-
HbIX MOYaTKOB BBMAY YBEIMYEHUS TPEHUA 3ePHA MO 3EpHY.
06MonoT NoYaTKOB KYKypy3bl CBOOOAHBLIM YAapOM NpeKpa-
LLaeTca MpM BNAXHOCTW 3epHa, COOTBETCTBYHLLEN KO3b-
¢uumenty Tpenusa f = 0,22. BoiBegeHHble TeopeTMyecKue
3aKOHOMEPHOCTU MOATBEPAMIUCL IKCTEPUMEHTANbHBIM
MyTEM.

AOMO/IHUTE/IbHAAA UHOOPMAL UA

Bknap aBtopoB. B.M. [lorocAH — nouck nybnavKaumi
Mo TeMe CTaTby, HanucaHve TekcTa pykonucy; A.A. TMonyak-
TOB — PefaKTMpoBaHWe TeKCTa pyKomucu. ABTOpbl Mof-
TBEPXJAloT COOTBETCTBME CBOEMO aBTOPCTBA MEXAyHApOL-
HbIM KpuTepuam [CMJE (Bce aBTOpbI BHECIU CYLLIECTBEHHbIA
BKNaf B pa3paboTKy KOHLENUMK, NpoBEAEeHME MCCefoBaHMS
1 MOAFOTOBKY CTaTbW, NPOYNM 1 0f06pMAM GUHabHY0 Bep-
cuio nepeq, nybnukaumen).

KoHdnuKT uHTepecoB. ABTOpbI AEKNIapUPYIOT OTCYTCTBME
SIBHBIX M NOTEHLMAMbHBIX KOHDMKTOB MHTEPECOB, CBA3aHHbIX
C MybAMKaLMEN HACTOSILLEN CTaTbM.

WUcTtounuk dmHaHcmpoBaHus. ABTophl 3asBnsioT 06 oTcyT-
CTBMM BHELLUHEro (MHaHCMpOBaHUSA NpY NPOBELEHUN MCChe-
[0BaHuA.
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Puc. 4. 3aBUCMMOCTb MeX Y OTHOLUEHWEM CUIbl P K pa3pbiBHOMY
ycunuio 7' 3epHOBOI HOXKM W BENMYMHON KO3Q@ULMEHTa TPeHUS 1.

Fig. 4. Dependence of the ratio of the force P and the braking load
T of a seed link on the friction coefficient /.
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Puc. 5. 3aBMCMMOCTb MeX Y peaKTMBHOM cuioi N U NpUNoXeHHoM
Harpyskonm P B CBA3W C U3MEHEHMEM BNAXHOCTW 3epHa (T0 ecTb
U3MeHeHWeM KoadduumeHTa TpeHus f).

Fig. 5. Dependence of the reacting force NV on the applied load
P related to the seed moisture change (i.e. friction coefficient /'
change).
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