- . TEXHWKA Ansl PACTEHWEBOACTBA MACHINERY FOR PLANT GROWING

YAK 629.114.2 ()52 DOI 10.22314/2073-7599-2018-13-1-48-52

Pa6ouue opraHbl rOpM30HTasIbHO-KOHBEUEPHOro Tuna
ANna crpe6aHusa TpaBaHOW Macchbl

Ietp Anekcanaposny Epemnn’, Apcen Xacanouesuu Texymies',
Hay4YHBIN COTPYAHUK, KaHIUJAT TEXHUYECKHUX HayK,

e-mail: 9153600311@mail.ru; CTapIINI HAYYHbBIN COTPY/IHUK;
Baaaumup Bacuiabesuu Muxees', Muxana IOpbesuu Kocrenko?,

KaHAMIAT TEXHUYECKUX HAyK, BEAYIIUH CIEHUATIUCT; TOKTOP TEXHMUECKHX HaykK, mpodeccop;
Banentun [lerposnu Epemun’, acnupant

'®enepanbHblii HayYHBII arpouHskeHepHblil ilenTp BUM, Mocksa, Poccuiickas ®enepanus;

*PazaHCKuii rocy1apcTBeHHbII arpoTexHonoruueckuii ynusepeuter uM. I1.A. KocTbiuesa, r. Pasaunb, Poccuii-
ckas Penepauus;

*MoOCKOBCKMii FOCYIapCTBEHHbIH TeXHUUEeCKHil yHuBepcuTeT nMenn H.D. baymaHa (HaliMoHaIbHBII HCCTeI0-
BaTeJIbCKUI yHUBepcUTeT), MockBa, Poccuiickas deaepaiius

Pedepar. ['opusoHTanbHO-KOHBElEpHBIE paboUre OpraHbl Tpadiei MPUMEHSIOT IS YBEMNUEHHS TPOM3BOAUTENBHOCTH, CHIXKE-
HUS METAJUIOEMKOCTH M YIYYIIeHUs KauecTBa crpebanus. Taxoit Tum paboduero opraHa MepCHeKTUBEH IS UCTIONb30BAHMS B
KOHCTPYKIHAX CEHOYOOPOUHBIX MAIINH (Tpalenb, cBanBaTeleil BATKOB) M B MOIOMPAIOIINX YCTPOMCTBAX MPecc-MoA0OpIIH-
KoB. [IpoBenu uccenoBaHus CYIECTBYIONIUX KOHCTPYKIMIA TpabiuH 1 ¢ moMolibio 3D-Mofenu ClipoeKTUPoBaIu pabouuii op-
TaH TOPM30HTAIBHO-KOHBEHEPHOTO THTIA TS CrpeOaHust CKOMEHHOH TpaBhl. ([Jens uccredosanus) V3yduTh KOHCTPYKIUE Tpa-
OJeit ¥ TONyYUTh JAHHBIE MO TPOEKTHPOBAHUIO paboyero opraHa rOpPH30HTATbHO-KOHBEHEPHOro THIA NS CrpedaHus TMoj-
BSUIIEHHO! TpaBsHON Macchl. (Mamepuanst u memodst) IIpUMEHUIN aHANTUTHYECKUN METOJ C MCTIOTIB30BAHINEM KOMIIBIOTEPHO-
ro 3D-MonennpoBanus. 3aaun aHaIM3a MPOYHOCTH PEIIAd METOJOM KOHEUHBIX 31eMeHToB. [IpoBenu pacuer rpabianHb! Ha
IPOYHOCTh U JIOJITOBEUHOCTh. Pa3paboTaiy neranb B cucTeMe aBTOMAaTU3UpoBaHHOTO npoektupoBanus Solid Works ¢ momo-
IIBIO CTAHIAPTHBIX POTPAMM KOHEUHBIX NEMEHTOB. (Pesyvmanvi u 06cyxcoenue) VI3ydnim OCHOBHOM SIIEMEHT HCXOTHOH KOH-
CTPYKLUHU — paboumii OpraH B BUjie 6ECKOHEUHOTO Y3KOTO KIIMHOBOTO PEMHS, HA KPOHIITEHHAX KOTOPOTO 3aKPEIIeHbI Ipaldiiu-
HBI C IPYXUHHBIM OCHOBaHMEM. PazpaboTany u MpeaokmIn CienuaabHOe YCTPOMCTBO IS IPENOTBPAIIEHHS cOpoca PeMHS.
[Tpoananu3upoBai KOHCTPYKIMIO U BBIABIIIH PSJ] €€ CYIIECTBEHHBIX HEOCTATKOB. B X0/ie pacueToB yCTaHOBWIIH, YTO BOIHM3H
MECT 3aKPEIUICHNS BOSHUKAIOT MAKCHMATbHbIE HATPSDKEHHUS, PABHBIC MPUOIU3UTENBHO 545 Meramackaieil. MakcumanbHas yupy-
ras nepopMmanus rpabIuHbI cocTapiseT 2,1 Mummmerpa. [Ipemoxumg cxeMy 3aKperuieHis TpaOIMHbI Ha IMMPOKOM pEMHE, KO-
TOpas MO3BOJIAET UCKITIOUUTD IPUMEHEHHE YCTPOUCTBA, TIPEIOTBPAIIAIOIETO COPOC PEMHS IIPU CTOIKHOBEHUH I'PAOIHHBI C Tpe-
IATCTBHEM. TeM CaMbIM 3HAUUTEIBHO YIPOCTHIIM KOHCTPYKIIUIO Crpedarormero oprana. Paccunrai, 4to Bec rpabIuHbI CHUBIICS
Ha 0,6 xumorpamma, a o0Iuii Bec paboyero oprana — Ha 14,4 xunmorpamma. (Bvisoowt) Ilonyunm naHHbIe, HA OCHOBE KOTOPBIX
JOKa3aJH, YTo TIpeyaraeMas pa3paboTka MO3BONUT CHU3UTH BEC, 3HEPTOEMKOCTh 1 CEOECTOMMOCTD MPOU3BO/ICTBA MALIMHBL.
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MACHINERY FOR PLANT GROWING

Abstract. Horizontal conveyor working elements are used to increase productivity, reduce metal consumption and improve
the quality of raking. This type of working element is promising for use in the design of hay-harvesting machines (rakes and
roll doublers) and pick-up devices in balers. The authors have conducted research on the existing rake designs and using
a 3D-model designed a working element of a horizontal conveyor type for cut grass raking. (Research purpose) Studying
the rake design to obtain data on the design of the working element of a horizontal conveyor type for dried grass raking.
(Materials and methods) The authors have used the analytical method and the 3D-modelling. The tasks of strength analysis
were solved using standard finite element programs. The rake strength and durability were calculated. The working element
design was implemented using the Solid Works CAD system using standard finite element programs. (Results and discussion)
The authors have studied the main element of the original structure — the working element in the form of an endless narrow
V-belt with its brackets housing spring-based rakes. They have also developed and offered a special device to prevent the belt
from being dropped; analyzed the design and found a number of its significant shortcomings. The calculations have shown
that the maximum stresses occur near the points of attachment and they are approximately equal to 545 MPa. The maximum
elastic deformation of the rake is 2.1 millimeter. The authors have proposed a design scheme of fastening the rake on a wide
belt, which eliminates the use of a device that prevents the belt from being dropped when the rake is colliding with an obstacle.
Thus the raking body design has been greatly simplified. The proposed development will allow to reduce the rake weight by
0.6 kilograms and the total device weight by 14.4 kilograms. (Conclusions) The authors have obtained data sufficient to prove
that the proposed design scheme would reduce the weight, energy consumption and production cost of the machine.
Keywords: harvesting green forage, grass raking, horizontal conveyor rake, rake, finite element method, optimization of
structural and strength parameters.
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pUMEHEHNE TOPU30HTAIBHO-KOHBEHEPHBIX pa-
H 00YMX OPTraHOB /JIs crpebaHusl TpABSIHOM Mac-

ChI YBEJIUYUBAET IIPOU3BOIUTEIBHOCTS B 1,5-
2 pa3a, BABOE CHIKAET METaIJIOEMKOCTb, ITOBBIIIAET
Ka4yecTBO crpebanus. MeHbIast SJHEPrOeMKOCTh T10-
3BOJISIET HCIIOJIB30BaTh HX Ja)e C JIETKUMU
9HeprocpeACcTBaMu THIIA MOTOOI0Ka. KoMmmakTHOCTH
KOHCTPYKLIHH JIeJIaeT MAaIIuHy YI0OHO! A1 pabOTHI
Ha HeOOIBIINX yYacTKax u Kkocoropax [1-4]. OnuH u3
BapUAHTOB TAKUX YCTPONCTB AJIs1 MOTOOJIOKA ITpUMe-
HSIOT, HATIPUMEP, Ha CEHOYOOPOUHBIX MAIlIITHAX BME-
cto 6apabanHoro nogbopiuka (puc. 1). B Hactosiee

BpeMs ero NMPOU3BOAUT TOJIBKO hupMma Landwirt.

OTcyTCTBHE JaHHBIX 110 TPOSKTUPOBAHUIO pabo-
Yero opraHa B 3HAUUTEIBHON CTEIIEHU TOPMO3UT CO-
31aHME KOHCTPYKUUM TAKMX MallUH.

LIEnb nCCNEQOBAHNSA — U3YyYUTh KOHCTPYKIIMH Ipa-
0OJteli ¥ TOITYyYUTh TaHHBIC IT0 TPOSKTUPOBAHMIO pabo-
Yero opraHa ropu30oHTaJIbHO-KOHBEHEPHOr o THUIIA 15
crpebaHus MOABSJIEHHOM TPaBSIHOW MAacChI.

MATEPVANBI M METOABI. [IprMeHmIN aHaTUTHYE-
CKUI METO[I C UCTIOJIB30BAHUEM KOMITBIOTEPHOT 0 3D-MO-
JIeTUPOBAHMS. 3aJa9M aHATIN3a TPOYHOCTH PEIaIN
METOJIOM KOHEUHBIX 3JIeMeHTOB (MKD).

PE3YNLTATBI 1 OBCYXAEHUE. Pabouuii opran rpa-
OIrei BBITIONTHEH B BUJIe OECKOHEUHOTO Y3KOT'O KIIMHO-
BOT'O PEMHSI, HA KPOHIITEWHAX 3aKPEIICHBI Ipabiu-
HBI C IPY>KUHHBIM OCHOBAHUEM.

s mpenoTBpalleHus coOpoca peMHs MpeaycMo-
TPEHO CIeNHNaIbHOE YCTPOUCTBO, TOKA3aHHOE CTPEIl-
KOU Ha pucyHke 2.
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Puc. 1. T'opuzonmanvno-koneetiepuvie epadu modenu Hill Rake
6 acpeeame ¢ MOMOOIOKOM

Fig. 1. Horizontal conveyor rake of the Hill Rake make attached
to the walking tractor

AHamU3 KOHCTPYKIIUU BBISIBUII PSI/ CYIIIECTBEHHBIX
HEeTOCTATKOB. BpITH crienanb! clieyomiye BBIBOIbI:

1. BepxHsist vacTh rpaOIUHEI (IOYTH IOJIOBUHA) HE
y4acTByeT B crpebanuu (puc. 1). CiegoBaTensHO, TpH
JaIbHENIIIEM TPOCKTUPOBAHUY MOXKHO YMEHBIIIUTE €€
pabouyro miuny ¢ 300 1o 80-100 MMm.

2. I’'pabiuna Becom 900 1 3aKkperieHa Ha peMHe,
KOTOPBIN HE SBJISETCS )KECTKUM 3JIeMeHTOM. B cityuae
CTOJIKHOBEHH S C PENSATCTBUEM PEMEHb IIOTJIOTUT YacTh
HArpy3Ku, IpeIHa3HaueHHOH rpabnune. Takum obpa-
30M, U3 KOHCTPYKIIUH TPAOIIHBI MOKHO UCKITIOUNTH
MPYKMHHOE OCHOBaHUE U CO3/IaTh O0JIee JIETKUN KPOH-
LITENH €€ KperieHUsl. YKa3aHHbIE MEPBI [T03BOJIAT 3HA-
YUTEIPHO CHU3UTh WHEPIIMOHHBIE HATPY3KH, BO3HU-
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Puc. 2. Tpabnuna ¢ npys’cuHHbIM OCHOBAHUEM HA KPOHUWIMETIHE HA
V3KOM pemie (CmpenKoil NOKA3aHo Yempoticmao, npedomspayd-
ouee copoc pemus)

Fig. 2. A rake with a spring base fastened to the bracket with a
narrow belt (the arrow indicate a device that prevents the belt

from dropping)

KafoIue B Imporiecce padoTHI.

3. Ha pabouem oprane mpeacTaBiIeHHOW MaITUHbI
WCIONB3YIOT YCTPONUCTBO, TPEeIOTBPAIAoIIee cOpOC
pemHs. Ero mpumeHeHue 00ycIOBIEHO TeM, YTO pe-
MEHb, UCITOJIb3yEeMbIi Ha paboveM opraHe, He oOnaa-
€T TOCTAaTOYHOH KEeCTKOCThI0. /151 ero HaJIe)KHOTO
yIepKaHUsI Ha ITKUBAX TPU CTOJIKHOBEHUH C ITPETISIT-
CTBHMEM WJIM IIPH 3aXBaTe OOJBIION MOPIINHU CEHA J0-
MOJIHUTEIIFHO BO3HUKAET CUJIa TPEHUs, KOTOopas 3Ha-
YUTEJIBHO BO3PACTAET C YBEJIUUYCHUEM MACChl BaJIKa.
Pemienvem mpo0iieMbl CTaHET TpUMEHEHUe OoJIee ITH-
pokoro pemHs. [Ipu 3ToM oTnagaeT HEOOXOIUMOCTh
WCTIONTB30BAHMS YCTPOMCTB, yCTPAHSIOMINX COPOC peM-
HA [9].

4. MccienoBaHue pacnpeieiieHus Harpy3Ku, Ipo-
BEZICHHOE METO/IOM KOHEYHBIX 3JIEMEHTOB, TIOKA3aJI0,
YTO MOJIOMKA IPabIMHBI Yallle BCEro MPOUCXOIUT B Me-
cTe 3akperieHns oonra (puc. 3). OTIOMHUBIIASICS YACTh
rpabJIMHbBI, 3aXBaYCHHAs, HATTPUMED, TTOAOOPIIUKOM,
MOJKET MOBPEIUTHh MEXaHU3MbI MAIIIMH Ha MOCIIEAYO0-
IUX omepalusx B mose [6-11].

B xoz1e mpoBeieHU T KOHCTPYKTOPCKUX pabOT CIIpo-
eKTHpOBaHa OPUTHHAIIbHAS KOHCTPYKIINS T PAOIHHBL,
HE UMEIoIAas IPYKUHHOTO OCHOBAaHUS (puc. 4).

YT00BI yCTAHOBUTH TPOYHOCTHBIE XapPaKTEPUCTH-
KU, IPOBEJIN pacyeT rpabIIMHbI HAa TPOYHOCTH U J0JI-
roBeYHOCTH ¢ mpuMmenenneM MKD. [letans pa3pada-
THIBAJIM B CHCTEME aBTOMAaTH3UPOBAHHOTO ITPOEKTH-
poBanus Solid Works (puc. 4). Ilpu pacueTax UCTIOJb-
30BaJIN CTAH/IAPTHBIE KOMITBIOTEPHBIE TPOTPAMMBI 1O
Metony MKDO.

Bo BHUMaHUE TPUHUMAJIU TAHHbIE TPEABAPUTEIb-
HBIX CCIIEIOBAHUI, IOJTyYEHHBIE B ITPOIIECCE MOJIEBBIX
HUCIIBITAaHUI: Macca Baiaka — 1o 10 Kr; 1uHeliHas CKo-
pocThb crpebanus — 12 m/c.

[Mpemioxxuiu HOBY0 KOHCTPYKIIUIO CIpebaroiero
pabouero oprana, U3MEHUJIN CITOCO0 KPETIICHUS Ipa-
onmuH (puc. 5, 6). I'pabauna pukcupyeTcst AByMs JieT-
KUMU IIPHKUMaMHU | B CJTy4ae MOJIOMKH B OITACHOM Ce-
YEHUH OCTAETCS Ha PEMHE.
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Puc. 3. Pacnpedenenue nazpy3ku u Xapakmephas NOIOMKA 3a Me-
cmom Kpenaenus 6onma

Fig. 3. Load distribution and a characteristic breakage beyond
the bolt attachment point

Bupryanpayro Moaens rpabaInHbl pa30wiIn Ha KO-
HEYHbIE AJIEMEHTHL. XapaKTepUCTUKA MOCTIH:

- KOJTUYECTBO 3JIEMEHTOB — 5504 1mIT.;

- KOJIn4ecTBO y3510B — 7093 1miT.;

Puc. 4. Yepmednc u 3D-modenv epabaunot
Fig. 4. Drawing and 3D-model of a rake

- TUII BJIEMEHTOB — reKcas/ip (IeCTUYTONBHUK).

KputudeckuM ycioBreM CUMTAETCS pa3pyllIeHHUe
TpaOIIMHBI TIPYU CTOIKHOBEHWH C MPEISITCTBHUEM (Ka-
MEHb, TBEp/Ible clion MouBkI). Ha pucynke 6 mokazaHsl
pacueTHas cxeMa U MecTa KPeIrIeHHUs TpabIuHbI Ha

Puc. 5. 3D-mo0enb KOHCMpPYKyuu cepebarouezo pabodezo op2ama
Fig. 5. 3D-model of the raking element design

peMHe (OTMEUeHBI TPEYTOJIbHUKAMH).

Kak BuIHO Ha cxeMe, Harpy3Ka IpHIokKeHa K CBO-
OOTHBIM KOHIIAM I'PaOIMHBI C TTOMOIIBIO YCIIOBHOTO
aeMeHTa (IIoKa3aH cTpeiakaMu). 11 U3roToBIeHU S
rpabaunel BEIOpaHa ctank CT.65T, Bec metanu (1o Mo-
nmenyn) — 300 1, mTuHa pa3sBepTKU — 343 MM.

Xapaktepuctuka cranu Ct.651"

- ipenen rekyuect — 785 MI1a;

- npeaen npounoctu — 980 MIla;

- MOAyJIb yripyroctu — 2,13-10° MITa;

- ko3 durment I[lyaccona — 0,3.
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Puc. 6. Pacuemnas cxema u mecma Kpenienus epadaunbvl Ha pevime
Fig. 6. Design scheme and points of fastening the rake on the belt

Koaddunment 3amaca mpouHOCTH pacCUUTAIIHU 110

dbopmvite:
n=-71_=144, (1)
o

pacu

r71e 7 — K03 PHUIIUEHT 3amaca MpOIYHOCTH;
0, — TIpeiell MpoYHocTU ctanu, Mlla;
Opacs — MAKCHMAJIBHOE PacueTHOE HanpsbkeHue, MITa.
Boruucnunu cuny F, AeHCTBYIONIYIO HA TPaOIMHBI,
MIla [6]:

Fe MK , ’ )
R
rae M — MaKCUMaJIbHBIN KPpyTSIIUA MOMEHT, H-Mm;
Ky — ko3¢ punmienT TMHAMHUYHOCTH;
R — paguyc mKuBa pabodyero opraHa, M,
TO €CTb:

7 400-1,5

=1200 MIla

>

Pesynprarsl pacuera IpeCTaBIEHbI HA pUcyHKe 7.
Ilo pe3ynpraraM pacyera onpeaeaeHbl MAaKCUMaJIb-

Puc. 7. Pezynomamyl pacuema:

a — nanpsixcenuti; b — ynpyzoii oegpopmayuu demanu
Fig. 7. Calculation results:

a — stresses; b — elastic deformation of the part

Hble HanpspkeHus1. OHU BOBHUKAIOT BOJIM3H MeCT 3a-
KpEeIUJICHUs TPaOIuHbBI U PABHBI TPUOITU3UTEIIHHO
545 MIla. MakcuMmaibHas yrpyras aeopmarius rpa-
OIMHBI COCTABUT 2,1 MM ITPU TOYHOCTHU U3MepeHus 5%
(ITatenT Ha mone3nyto Moaenb RUS 152669).

PacueTsl moka3zanu, 4To Bec rpabIuHBI CHU3UIICS
Ha 0,6 kT, a 001IMii Bec pabodero oprana — Ha 14,4 xr
(0,6 - 24 wrT. = 14,4 kr).

BbiBoabl. I1penioxkeHHass KOHCTPYKLMS TpadIIH-
HBI BIIOJIHE YIOBJIETBOPSIET IKCILTyaTAllMOHHBIM TPe-
OOBaHUSM K IPOYHOCTH U tehOpMaIIUH.

Cxema 3aKperuieHus TpabIMHEI Ha T POKOM PeM-
He TI03BOJISIET UCKITFOUUTH TPUMEHEHUE YCTPOMCTBA,
MPEIOTBPAILIAIOIIETO COPOC PEMHS ITPH CTOJIKHOBEHU U
rPabIIMHBI C IPETISITCTBUEM, YTO 3HAYUTEITBHO YIIPO-
IaeT KOHCTPYKIUIO Crpebarolero opraHa.

Pa3paboTka mo3BONUT CHUBUTH BEC, JHEPTOEMKOCTh
1 ce0eCTOMMOCTD ITPOU3BOJICTBA MAIITUHEI.
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