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UCCNEQOBAHUE PACMNPEAENEHNA OABNEHUA HA NOMNATKU POTALUMOHHOIO
PbIXJTIUTENA NOYBbI NYTEM UMUTAUMOHHOIO MOAE/TMPOBAHUA

MsaneHKo BukTop UBaHOBMY, LOKTOP TEXHUYECKUX HayK, npodeccop?
Koconanosa AHHa AneKkcaHapoBHa, npenogasaTesbl
'Ky36acckuii rocyaapcTBeHHbIN arpapHblil yHuBepcuTeT, r. KemepoBso, Poccus

AHHOTauuA. BHeapeHMe TEXHONOTMW MMHMMaANbHOM 06pPaboTKM NOuYBLI
TpebyeT NoMCKa HOBbIX KOHCTPYKLMI 3Heprocbeperatoweit TexHnkn. NMpnmeHeHune
POTAaLUMOHHbIX Pa3pbIXxnuUTenei ans NnoBepxHOCTHOM 06paboTKM NouBbl Ha ryOuHy
BblCEBA CEMAH MMeeT pAL NPEeUMMYLLeCTB B CPaBHEHUM C TPAAULMOHHLIMMU
OPYAUAMM KaK NO SHEProeMKOCTH, TaK MU NO HaNpPs*KEHUO BO34ENCTBUA Ha NOYBY.

Llenb nccnepoBaHuA — yCTAaHOBUTb XapaKTep pacnpeneneHmsa AaBaeHMA NoyBbl
Ha NOMATKWU POTALMOHHOIO PbIXIUTENA NYTEM MMUTALMOHHOTO Harpy»eHua. [ns
OOCTUMKEHMA Uenn MNPUMEHANCA MMUTALUMOHHBLIN  MeToh MOAEeNNPOBaHUS
HarpyeHua IoONaToK  POTALMOHHOrO  PbIXINTENA  MOYBEHHOMW  CcpenoMn.
Onpenenanncb BENMYUHbI HOPMANbHOTO AABNEHMA B Pa3HbIX TOYKAX MOBEPXHOCTHU
TPEHMA NONaToOK NPU UX ABUNKEHUM B KPYroBOM MOYBEHHOM KaHane. 3HayeHuA
HOPMa/NIbHOrO AaB/IEHNA YCTAHAB/IMBA/INCb KOCBEHHbIM METOL0M MO M3MEPEHUIO
BE/IMUYNHbI M3HOCA B Pa3HbIX TOYKAX MOBEPXHOCTM noNaTokK. [peaBapuTenbHO Ha
NOBEPXHOCTU  TPEHMUA HAaHOCUACA  JIETKOMUCTMPAEMbIN maTtepuan n
MarHUTOMHAYKUNOHHbBIM METOA0M M3MEPANACb MHTEHCUBHOCTb €r0 UCTUPAHMA.

TpaeKkTOopUA ABUKEHUA NE3BMA IONATKM B NOYBE OMNMUCbIBAETCA YpPaBHEHUEM
Tpaxomabl, NP1 3TOM CaM NPOLECC PbIXJEHMA NOA0OEH KKONAHMIO» N pPa3aensaeTca
Ha ABa 3Tana: 3arnybaeHune u BbirnybneHme c nepemeLL,eHMEM YaCcTM B3PbIXJIEHHOM
Mo4YBbl Ha MOBEPXHOCTb NOAA. [ONYYEHO ypaBHEHME MepeMeLlLEHMA NIONaTKN B
noyse B 3aBUCMMOCTM OT yrna ee MoOBOPOTa: OT Ha4vana 3arnybnenua ao
BbIrlybieHNA, a TaKXKe TeopeTUMYecKu onpeaesieHa 3aBMCMMOCTb XapaKTepa
HarpyeHnA /NonaTtkM B MNepuos nepemelleHns B no4yse. B pesynbrarte
MMUTALLMOHHOTO Harpy*KeHns N0NaToKk M3MepaAnacb MHTEHCMBHOCTb abpasnBHOro
M3HOCA B Pa3HbIX TOYKAX MOBEPXHOCTM TPEHMA WU MONYYEHbl COOTBETCTBYHOLME
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YPaBHEHUA pPerpeccumn, YTo NO3BOAET CYAMTb O XapaKTepe BHELLHErO HarpyXeHus
IONATOK PbIXAUTENA.

Takmm o06pa3om, pes3aHMe MNo4YBbl MNPU €€ PbIXIEHUM POTALMUOHHbBIM
pbIXAUTENEM MPOUCXOAUT TPEMA PEXYLWMMU KPOMKAMU: HUMKHUM /Ie3BUEM W
ABYMA OOKOBbIMM KPOMKaMM NOMNATKM  PbIXINTENA, 4YTO  XapaKTepusyet
0COOEHHOCTb [ABUMEHWA TMoYBbl MO paboye NOBEPXHOCTM nonaTtku. [pwu
NPOMU3BOACTBE  PbIXAUTENer  cnegyetr  npegycmatpusBatb  obecnedveHue
Heobxo4MMOMN U3HOCOCTOMKOCTU HMMKHEN U BOKOBbIX KPOMOK N0NATOK NyTEM MX
YNPOYHEHMUS.

KnroueBble cnosa: nonaTka POTaLMOHHOIO PbIXAUTENA NOYBbl, UMUTALMOHHOE
Harpy»eHue, abpasmBHbI U3HOC.

INVESTIGATION OF THE PRESSURE DISTRIBUTION ON THE BLADES OF A ROTARY SOIL
RIPPER BY SIMULATION MODELING

Myalenko Viktor I., Doctor of Technical Sciences, Professor?
Kosolapova Anna A., teacher!
'Kuzbass State Agricultural University, Kemerovo, Russia

Abstract. The introduction of minimal tillage technologies requires the
search for new designs of energy-saving equipment. The use of rotary leavening
agents for surface tillage to the depth of seeding has a number of advantages in
comparison with traditional tools both in terms of energy intensity and stress on
the soil. The purpose of the study is to establish the nature of the distribution of
soil pressure on the blades of a rotary ripper by simulated loading. To achieve this
goal, a simulation method was used to simulate the loading of rotary ripper blades
by the soil environment. The values of the normal pressure at different points of
the friction surface of the blades during their movement in a circular soil channel
were determined. The values of the normal pressure were determined indirectly
by measuring the amount of wear at different points on the surface of the blades.
Previously, an easily removable material was applied to the friction surface and the
intensity of its abrasion was measured using the magnetoinduction method.

The trajectory of the blade blade in the soil is described by the trachoid
equation, while the loosening process itself is similar to "digging" and is divided
into two stages: deepening and hollowing with the movement of part of the
loosened soil to the surface of the field. The equation of movement of the blade in
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the soil is obtained depending on the angle of its rotation: from the beginning of
the excavation to the excavation. A theoretical dependence of the loading pattern
of the blade during movement in the soil is obtained. As a result of the simulated
loading of the blades, the intensity of abrasive wear was measured at different
points of the friction surface and the corresponding regression equations were
obtained, which allows us to judge the nature of the external loading of the ripper
blades.

Thus, cutting the soil when loosening it with a rotary ripper occurs with three
cutting edges: the lower blade and two side edges of the ripper blade, which
characterizes the peculiarity of soil movement along the working surface of the
blade. In the production of rippers, provision should be made for the necessary
wear resistance of the lower and side edges of the blades by hardening them.

Keywords: rotary soil ripper blade, simulated loading, abrasive wear.

LLinpoKoe pacnpocTpaHeHne TEXHONOMMU MUHMMANbHOM 06PaboTKM NOYBbI
B COBpPEMEHHOM npaKTUKe 3emnenenva npeanonaraer npuUMeHeHMe HOBbIX
noyBoobpa3yoWMX KOHCTPYKUMM TeXHUKKU [1] AnAa noBepxXHOCTHOM 06paboTKu
noysbl Ha rnybuHy BbiceBa cemaAH [4]. LleneHanpaBneHHOCTb MOWCKA HOBbIX
KOHCTPYKUMA COPUEHTUPOBAHA Ha AOCTUMKEHWE MWHUMANbHbBIX dHEPreTUYecKmx
3aTpaT C COXPaHeHMeM HeobXxoAMMOro KavyecTBa BbINONHEHUA TEXHOIOFMYECKUX
onepauui [5].

MpUMeHeHMe  POTAUMOHHbLIX  pPa3pbixIMTenen  Ana  NOBEPXHOCTHOM
06paboTKM nouBbl Ha rNybUHY BbiCEBA CEMAH MMeeT pAg NPEeMMYLLECTB B
CPAaBHEHUW C TPAAMUMOHHLIMU OpyaAnSMU (KYyNbTUBATOPbLI, ANYWMAbHUKK) W
obecneuymBaeT CHUMKEHWE 3SHEProeMKoCcTM Ha 17-22%, coxpaHAa HU3Koe
HanpaXeHue BO34enCTBMA Ha NouBy (cxkaTtue, pactaxkeHus) 0,5-1,5 MMa [2].

TpaanUMoHHO ana 06paboTKM NoUBbI UCNO/b3YIOT pa3HOObpa3sHble paboune
OpraHbl, B OCHOBE KOTOPbIX, Kak NPaBK/IO, MPAMOM UM KOCO NOCTaBAEHHbIN KAWH.
Mpy ABUMXKEHUN KAMHOBUAHbIX paboymx opraHOB B Mo4vBe MpoLEecc pasgeneHua
NOYBbl Ha YCTOMYMBbIE COBOKYMHOCTM BbI3blBAET YepenoBaHNe BO3AENCTBUIA Ha
NOYBY HANPAMKEHUIN CXKATUA, CKONA U pacTaXKeHMUA. [pr 3TOM NPOYHOCTb NOYBbI Ha
ckaTtue o 10 pa3s Bbllle, YeM NPU PACTAKEHUM, @ TaKKE NPU YPE3MEPHOM CXKATUMK
HabnopgaeTca CHWXKeHMe KadvecTBa o06pabotaHHoOM nousbl [6]. [osTtomy
npumeHeHue pabounx opraHos, paboTaroWwmx Ha NPMHLMNAX NO0A06UA KKONAHMION»
noysbl, 6onee nNpeAnoOYTUTENbHbI AN TEXHONOMMA MUHMMANbHOMU 06paboTKM
noyssbl [7].
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[JencTBUTENbHO,  COCTaBAAKOWME  NOYBY  CTPYKTYpHble  arperaTbl
npeactaBnatoT coboit  ycTonMumBble MOYBEHHbIE COBOKYMHOCTM W3 4acTul,
MaTEpPUHCKOM nopoapbl, CKpen/ieHHble AOCTATO4YHbIM KO/INYEeCTBOM
arpommHepanbHbix 0bpasoBaHuii. [pn 3TOM CTPYKTYpHbIe arperatbl COeANHEHbI
APYr C APYrom OTAe/IbHbIMU NIOWaAKaMuM, onpeaenatowmmm nx cBAasHOCTb. Bece
OCTaNbHble MNYyCTOTbl 3anosiHeHbl AMb6o BoAoOW, NMOO MOYBEHHbLIM BO3AYXOM.
MpeogoneHne 3TUX CTPYKTYPHbIX CBA3EN M pasgesieHMe MoYBbl Ha YCTOMYMBbIE
arperaTHble COBOKYMHOCTM A/s ChNenblXx MNOYB NPOUCXOZAT MNpPU  CO34aHMU
BHYTPeHHMX Hanps»keHnn 0,1-0,3 MIa onpeaeneHHOM HanpaBAeHHOCTU. B To ke
Bpema Ans paspylleHMAa HenocpeACTBEHHO CTPYKTYPHbIX MOYBEHHbIX arperaTos
TpebyeTca co3aaHue BHYTPEHHUX HanpskeHun 6onee 10 MMa [2]. NocneaHwne
06CcTOATENBCTBA NOAYEPKUBAOT aKTya/IbHOCTb Pa3pabOTOK HOBbIX KOHCTPYKLMM
POTALMOHHbIX PbIXIUTENEN NOYBbI.

Llenb uccnedosaHus — yCTaHOBUTb XapaKTep pacnpefenieHnsa [aBneHua
NMOYBbl HAa /IONATKM POTALMOHHOINO  PbIXAUTENs NyTeM MMUTALMOHHOIO
MOZEe/IMPOBaHMUA.

Marepuanbl nu metoapl

MNcnonb3oBaHHbIV B UCCNeA0BAHUM METO4 MMUTALMOHHOTO MOAE/IMPOBAHUA
npouecca paboTbl NoOYBOpEXyWMUX AeTanerr obecneuymn  BO3MOXKHOCTb
NPUMeEHEeHUA HeobxoamMmol NpubopHOM 6a3bl U3IMEPEHUA U HE OrpaHUYMBAN B
BblbOope BpemeHM npoBeaeHUA usmepeHuin [3]. MMUTAUMOHHBIN  CTeHA
npeAacTasnan coboi KPyroBoi NOYBEHHbIN KaHan, rae NoYBeHHan cpeaa cocrtoana
M3 MOYBEHHO-NMECYaHOW CMecUu (NerkMin CyriMHOK) HeobxoaMMoM TBEPAOCTU C
BNIAXKHOCTbIO 18—22%.

Moagenb pPOTALMOHHOIO PbIXAUTENA NpeacTaBAANacb B BUAE OTAENbHOM
cekuumn, Ha oboae KOTOPOM pasmMeLlancb NPAMbIe PaauanbHO PACMONOXKEHHbIE
nonatku. Pagmyc oboaa r = 120 mm 1 annHa nonaTtku ng = 70 mm. HaHeceHue
NIErKOMCTMPAEMOro maTepuasa Ha NOBEPXHOCTb TPEHUA fionaTok obecneynBano
[O0BO/IbHO TOYHOE W3MEepPeHMe MaArHUTOMHAYKUMOHHbIM CNnocobom BenUYMH
M3HOCA B Pa3HbIX TOYKAX NOBEPXHOCTMW.

Pe3synbTatbl

Mpn BbibOpe napameTpoB MUCMbITbIBAEMON MOAEAM POTALUOHHOIO
PbIXAIUTENSA MOYBbl YYUTbIBAZIUCb W3BECTHblEe pPe3y/ibTaTbl TEOPETUYECKMUX
NccneaoBaHUM M MPaKTUYECKUX npoBepok [8; 9], B Tom uucne pesynbraThbl
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nccnefoBaHUM  KOMOUMHWMPOBAHHBIX  PbLIXIUTENEM U XAPAKTEPUCTUKU  UX
npakTuyeckon pabotsl [8; 10].

Puc. 1. MpuHumMnuanbHaa cxema paboTbl POTALMOHHOTO PbIXANUTENA NOYBbI:
1 — nonatku; 2 — o604 KpenaeHua nonaTok; 3 — ocb BpaweHns 06oaa;
4 — 3aWMTHbIN KOXKYX; 5 — MHTepBan 3arnyb61eHna 10NaTok;
6 — HTepBan BbirnybneHuna

Mpw BbINONHEHMW TEXHOIOTMYECKOTO NPOLECcca NP ABUKEHUM PbIXANTENA B
HanpasaeHun V o0bopg KpenseHnsa nonaTok (2) nepeKaTbiBaeTcA NO NOBEPXHOCTU
nons, nooyepeaHo BHeApsA nonatku (1) n NnpoBoaa pbixn1eHMe NOBePXHOCTHOro
Ccnos nouysbl. PbixnuTenb B AaHHOM c/ydae npumeHseTca becnpuBogHbIM, a
BpalleHne ob604a NPOUCXOAUT 33 CYET PEaKTUBHOIO AEMCTBUA MOTPY*KEHHbIX B
nouysy snonatok. [OasneHue cunon (F) co3paetca nnboO HaBECHOM CUCTEMOW
TpakTopa, MMb60 6annacTHbIM rpy3om. TpaeKTopua OBUNKEHMA Ne3BUA NONATKK
(Toyka B) ocyuiecTBasAeTCcA NO Tpaxouae, NapameTpuyeckoe ypaBHEHME KOTOPOM
MMeEeT cieayowmn BuAa;

x=rt—(r+n)sina
y=r—(r+n)cosa, (1)
roe r — paguyc o6oga, MM; n — AMHA IONATKU, MM; t — Yron NOMIOXKeHuUA
NIONAaTKMK, rpag; o — TOT *Ke yron, rpag.

74



MHHOBaUMOHHbIe pelueHusa B AMNK 2024 4(4)
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Puc. 2. ®a3bl nepemeLteHma I0NaTKM PbIXAUTENS B NOYBE:
0, 01, n 02 — nepemelLeHne ocn ob6oaa pbIxanTens;
nepemeLleHue a 8 K a:8; — 3arnybneHue;
0181 K G282 — BbIrnybneHune

B npouecce 3arnybneHua nonaTtka NoBOpavymMBaETCA Ha HEKOTOPOM yron a,
HauyMHas OT KACaHWA MOYBbl Omax OO AOCTUNKEHMA MAKCMMANbHOM TNy6UHbI
Norpy»eHus B nousy a = 0, T.e. OT d 8 K NOJIOXKEHUIO 0181 U Aanee K a282. Mpu aTom
ANVHA NOTPYXKEHUA N0NATKM B NOYBY 3aBUCUT OT U3MEHEHUSA Yr1a NOBOPOTA O

——1), (2)

cCos
rae ni— Tekyuee 3HavyeHne AJIMHbI NOTPYXKEHUA NONaTKK; np — obLaa AanHa

n=ngy—r(

nlonaTku, r — paguyc oboga; a — yron NoBOpoOTa IONATKM.

B nepBom nNpUBAUNKEHWUM, €CNU MNPUHATb YCAOBHO, YTO BENINYMHA
HOPMa/NbHOrO AaBNEeHWA BHayase OAMHAKOBA MO BCEN MOBEPXHOCTM TPEHUA U
3aBMCUT TONIbKO OT NPOAO/IKUTENIbHOCTU NEPEMELLLEHNA NOBEPXHOCTM B NOYBE NPU
M3MEHEHUM YrNa o, C Y4€TOM BbIparKeHus (2) MOXKHO cuMTaTb, YTO XapakTep
M3MEHEHWA HOPMA/JIbHOTO [AaBNAeHuMA No pgavHe ne3ua byper nogobeH

3aBUCNMOCTHU:

1
Ny =MNo =T (cosa - 1) (3)

Vi
N; = n; Ny
rae Ni v Ny — TeKyLee ¥ HEKOTOPOe HOMUHA/IbHOE 3HaYeHUe HOPMabHOro

AdaBneHunaA.
dusnyeckoe HarpyxeHme nonaTtok poTaunMoOHHOTIO PbIXIUTENA MPOBOANNTOCH

nyTem MMUTAUMOHHOrO moaenunposaHus [11]. YumTbiBaa NponopLMOHaNbHOCTb
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BE/IMYMH HOPMANbHOTO AaBNE€HMA U MUHTEHCMBHOCTb M3HOCA (BbIHOCA) MaTepuana B
COOTBETCTBMM C 3aKOHOM Apuyapaa, NPUMHUMaeM WHTEHCMBHOCTb WM3HOCA KakK
NepemMeHHyl0 B WCCAeAOBAaHUM XapakTepa pacnpefeneHus AaBfieHuAa Ha
NOBEPXHOCTM TpeHua [12].

Huxke rpaduueckn (puc. 3) npeacraBneHbl pesysibTaTbl U3MEPEHUN
MHTEHCUBHOCTEM M3HOCA B Pa3HbIX TOYKAX MOBEPXHOCTU TPEHUS IONATKU
pbixantena AU = f(n;). Ha rpadmke pacnonoxeHbl gBe WKanbl abcymcc: o — yron
NOBOPOTA JIONATKM NPU ABUKEHUM €e B NOYBE U N; — TEKyLLEe 3HAa4YeHNE A/INHbI
NONAaTKM, a TakKe aBe ocu opamHaT Ny — HopmanbHoe aasneHune u Al k) —
MHTEHCMBHOCTb M3HOCA NPU MMUTALMOHHOM HarpyxeHuu. MNonyyeHbl age
XapPaKTEPUCTMKK, MPU STOM MHTEHCUMBHOCTb HArpy*KeHMA I0NaTKn B 060mnx

CNydaAax ymeHbllaeTcAa OT 1e3BUA K CMUHKe.

AW (k) N{n)

70

60 ~
b 4,
40 1.
30 14
20 1
O {rpag,.)

0 10 20 30 40 50 nigy
70 56 42 28 14 0

Puc. 3. XapaKkTep pacnpeaeneHua AaBieHma noysbl No AJANHE N0NATKK
POTALMOHHOIO PbIXANUTENA:
N = f(a) — TeopeTnyeckoe npnbAnKeHne;
AU = f(ni) — uMMUTaLMOHHOE Harpy*KeHue

YpaBHeHMe perpeccum Npu UMMUTaLMOHHOM HarpyXeHnun nmeeT caeayowmi

BUA:
AW =—0,0005 n3 + 0,0019 n? — 0,047 n + 1,176 (4)
Pe3ynbTaTbl U3MEPEHUA WMHTEHCUBHOCTU M3HOCA MOBEPXHOCTM TPEHUS MO

LWnpumHe NonaTtkn nokKkasaHbl Ha PUCYHKE 4.
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Puc. 4. XapaKTep pacnpefeneHma UHTEHCMBHOCTEN n3Hoca (AU)
NOBEPXHOCTM TPEHUA NO WKNpKHe nonatku (h)

Huxe gaHO ypaBHEHMe perpeccuu, ONMUCbIBaloOLLEE MHTEHCUMBHOCTb M3HOCA

Mo WMPUHE NONaTKu:
AN =0,001h?-0,043 h + 1,611 (5)
O6bwmnit KOHTYp O0O6BEMHOW 3MHOPbl MHTEHCMBHOCTM WM3HOCA /N1ONATKU
POTALMOHHOIO PbIXUTENA NPU B3aMMOAENCTBMM C NOYBOM NOKA3aH Ha PUCYHKe 5.

Puc. 5. O6beMHbI KOHTYP 3MtOPbl MHTEHCMBHOCTM abpa3nMBHOro M3HoOCa
IONATKN POTAaLMOHHOIO PbIXJNUTENS NOYBbI:
1 — nonaTtka pbIXANTENS; 2 — BEPXHAA rPaHb 3MNHOPbI

MonyyeHHaa obbemHaa 3nopa abpasnMBHOrO M3HOCA XapaKTepusyeT
HEpPaBHOMEPHOCTb HArpyXeHna WU WU3HOCAa MNOBEPXHOCTM TPEeHUA 0NaTKM
pbIxanTena. 34ecb cnegyet OTMETUTb, YTO, Kak M B BONbLUMHCTBE C/y4YaeB, BCe
NoYBOpENXKYLLME AETANN PA3NNYHBIX OPYANN UMEKOT HEPABHOMEPHbIE HarpyKeHune
M U3HOC CBOMX noBepxHocTel TpeHusa [13; 14]. NMpun aToM nmeeTca BO3MOXKHOCTb
YMCNEHHOINO MOAENMUPOBAHUA IMMUPUYECKUX AaAHHbIX ON1A NPaKTUYeCcKoro
npumeHeHua [15].
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3aKkntoueHue

Pe3aHne NoYBbl NPU €€ PbIXIEHUN POTALNOHHBIM PbIXAUTENEM NPOUCXOAUT
NO KpalHel Mepe TPeMS PEXYLWMMU KPOMKamMU. ITO HUKHee fie3Bue U ABe
6OKOBble KPOMKW NnonatkuM pbixauTtenda. lNepemelwieHve nousbl npu pabote
PbIXINTENA NMPOUCXOANT HE TONbKO B HAMPaBAEHUU OT HUMKHEro /Ie3BUA, HO U OT
HGOKOBbIX rPaHEeN IONATKM, BbIMOAHAOWMNX PYHKLMN PEXKYLLMX KPOMOK.

TpaeKkTOopUuA ABUXKEHMA NOMNaTKM B npouecce 3arnybneHma npegnonaraet
BO3MOHOCTb MPUMEHEHUA NOMATOK KPUBONMHENHOM GOPMbI, yaydlatowen mx
3arnybnatowme cnocobHocTM.

MpaKTMyeckoe MpPUMEHEHME BbICOKOMPOU3BOAUTENbHbBIX POTALMOHHbIX
pbixnuTenen obycnosnmBaetT HeoH6X0AMMOCTb 0HecneyeHna NpPm X N3roToBAEHUM
pPa3HOW M3HOCOCTOMKOCTU HMKHEN M BOKOBbIX KPOMOK, Kak Honee Harpy»KeHHbIX B
npouecce paboTsbl.
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