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HCIIOJIb30BAHUE SMART PIEZOCERAMICS JIJIS1 OBPABOTKH IIOYBbBI
B CEJIbCKOM XO3SIMICTBE

B cmamve na ocnose ananuza aumepamypHuix UCTIOYHUKOS U HAYYHBIX NYOIUKAYULL RPedaodice-
HA OPUSUHATLHASL KOHCMPYKYUST UOPUPYIOWUX PAOOUUX 0pean08 niyea OJisl 6bINOIHEHUL OCHOBHOU
3a0ayu obpabomku nouevl. Aemopamu cmamou nymem ucnoinvzosauus SMART PIEZOCERAMICS u
BUOPAYUOHHBIX NPUHYUNIOB 8BINOTHEHO COBEPUICHCINBOBANUE PADOUUX OP2AHO8 KYIbMUBAYUL NOCPeO-
CMBOM yMeHbULeHUsL 0OWell BeIUYUHBL MA208020 CONPOMUBTEHUST (MPEHUsL) NOYBLL NO TEMEXO-NOAEBOU
NOBEPXHOCMIU U YMEHbUIEHUSL 3ATURAHUSL PADOUUX OP2AHOS.

Knrouesvie cnoea: SMART PIEZOCERAMICS, ucciedosarnus, cenvCckoe X033Ucmeo, udbpayu-

OHHblE NMEXHOJI02UU.

Cenpckoe XO03SIIICTBO — OTpacib SKOHOMHU-
KW, HallpaBlieHHas Ha OOecIeYeHrne HacCeIeHUs
MIPOJOBOJILCTBUEM U TIOIYYCHHUE CHIPhS I psijia
oTpacieli  mpoMmblnuleHHOCTH.  CellbCKOXO0351H-
CTBEHHAsl OTPACib SIBISIETCA OJHOM W3 Ba)KHEH-
[IUX W TIPeJICTaBlieHa MPAaKTUIECKH BO BCEX CTpa-
Hax. OT COCTOSHMS 3TOW OTpaci 3aBUCHUT IIPO-
JOBOJILCTBEHHAs1 0€30MacHOCTh rocyaapcts [ 1].

OCHOBHBIM OpYJHEM KYJIbTUBAIIMH TOYBHI
B CEIIbCKOM XO03siiicTBe sBiseTcs muiyr. [lmyr —
9TO TPHUCIOCOONIEHHE IJIsl BCHAIIKH IJIOTHOM
TOYBKI, MOAHATHS HeauHbl. Ha pucynke 1 mpen-
CTaBJICHBI HEKOTOPHIE BUIBI TTYTOB [1].

a) KyJIbTYPHBIN; 0) TTOJTyBUHTOBOM;
1- memexa; 2 — OTBaJIBI; 3 — CTOWKa; 4 — IMEPO OTBAJIA;
5 — moneBas tocka; 6 — rpyap oTBaNA

Pucynox 1 — Hexoropbie BHIBI IIyTOB

HHyF HUMCCT OBC OCHOBHEBEIC COCTaBJIAIO-
e — JIEMEX U OTBAJI.

[Imy>xHBII OTBa)I — OMHA W3 paboumx dYa-
creit mryra. OCHOBHOM €ro 3ajaveil sBIICTCS
Cpe3 OT CTEHKHU IUIACTa IOYBHI, €€ KPOIICHUE U
MepeBOpavYMBaHue, TO €CTh, BO MHOTOM OT Kade-
CTBa OTBaJIa 3aBUCHT TO, HACKOJBKO XOPOIIO
OyZeT MoAroTOBIIEHA TTOYBA.

Jlemex — 3TO 4YacTh mTyra, mojApe3aromas
IacT 3¢MJIM, U MMEHHO 10 HEMY CpE3aHHBIN
CJIOH TTOYBBI IOJJHIMAETCS ¥ [TOTIaIaeT Ha OTBAJ.

OCHOBHBIMH JTOCTOMHCTBaMHU IuTyTa (CM.
PHUCYHOK 1) SIBISIOTCS €ro MPOCTOTa B M3TOTOB-
JICHUW U OTHOCHUTEIBHO HEBBICOKAS IICHA.

OCHOBHO# HEJOCTaTOK TAaKOTO IUTyTa —
BBICOKAsl COMPOTHUBIISIEMOCTh (TPEHHE), BO3HHUKA-
IOIasi TPU BCHAIIKE TMOYBBI, TIPU ITOM 3HAYHU-
TEJIHHO TIOBBIIIAOTCS YHEPTrO3aTPATHI.

Ha cerogusamuuii geHb MBI MOXEM
HaONIOIaTh  pa3jMYHbIE YCOBEPIICHCTBOBAHUS
TEXHUKH U1 00pabOTKU 3eMIIM U cOOpa ypoxas,
MIPH 3TOM OCHOBHOMW OpraH KyJbTUBAIIUH HE Tpe-
TepIes Cepbe3HbIX M3MEHEHHM, eClii He CUUTATh
BHEJ[peHus1 0ojee MPOYHBIX W HAAEKHBIX MarTe-
puasnioB. OgHako 00pabOTKa MOYBHI IO HACTOS-
IIETO BPEMEHU SBJISICTCS OJTHOW M3 CaMbIX DHEP-
TOEMKHX OIEpalrii B COBPEMEHHOM CEIbCKOXO-
35IUCTBEHHOM ITPOU3BO/ICTBE.

[Ipumenenue HoBelIel BBICOKO3DPEK-
TUBHOW TEXHUKH U OOOPYAOBaHUS NPU YMCHb-
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IICHUHA METAJUIOEMKOCTH U 3HEPro3aTpaTr — oJlHa
U3 TJIABHBIX 33/1a4 Pa3BUTHS COBPEMEHHOTO Ma-
MUHOCTpoeHnA. Ho Ha 3TOM MyTH CyIIECTBYIOT
OTpaHWYEHUS TPOU3BOIUTENILHOCTH TPAIUIIAOH-
HBIX MaIlliH, KO3 (QUITUSHT TOIE3HOTO NEHCTBUS
KOTOPBIX KoJiebmneTcs B mpenenax 0,19-0,38.

ONHUM W3 HaNpaBJICHUH YIydIIeHus 00-
pabOTKM TOYBBI M CHWKECHHS TPEHUS MEXIY
MOYBOH U TUTYTOM SIBIISICTCS PUMEHEHHE BUOpa-
IUOHHBIX TEXHOJIOTHH, KOTOpBIE MOTYT JaTh
3HaYuTENbHbIH 3G ¢dekT. BuOpalmoHHas TeXHUKa
W TEXHOJIOTUSl PaguKalIbHBIM 00pa3oM OTIHYa-
I0TCS OT TPAJUIIMOHHBIX MPOTOTUIOB. [TprMeHe-
HUE BUOPAIIMOHHBIX METOJIOB B Pa3lIMYHEIX c(he-
pax 4emoBeuecKoil IesTeIbHOCTH ¥, B YACTHOCTH,
B CEITLCKOM XO3SHCTBE OTKPBIBAeT OOIbIINE TIep-
CIICKTUBBI YCKOPEHUS TEXHHUYECKOTO IMporpecca
Ha Ka4eCTBEHHO HOBOI OCHOBE [2-4].

OnHO W3 pelIeHui MCIOJB30BaHUs BHO-

pauuii B CEJIbCKOM XO3SIMCTBE MPEJCTABICHO Ha
pucynke 2 [2].

Pucynok 2 — IL1yr ¢ ruAponpuBoI0M

JlaHHO€ YCTpONCTBO COCTOUT W3 CIEAYIO-
X Y37I0B: paMbl 1 CO CTOWKOM TuryTa, KOTOpas
MOXET OBITh YCTaHOBJIEHA Ha CaMOXOIHOH Te-
JISKKE MWW HaJeTa Ha TPAKTOP; IMAPHUPHO IOJ-
BEIIIEHHOTO K CTOHKE BHOPAITMOHHOTO JieMexa 7 ¢
MOJIKOH; PBIYaXHOTO MEPEAATOYHOTO MeXaHN3Ma
4, nebanaHcoB BHOpaTopa 2 C HalpaBICHHBIMHU
KOJICOAHUSIMH; pEeAYKTOpa 3 IJsl CHHXPOHU3ALUH
BparieHus nedasaHcoB BHOpaTopa; 3JIEKTPOIBH-
ratenss 6 w OeccTynmeHJaToro (QPUKINOHHOTO
Bapuatopa 5, KOTOPbIil O3BOJISIET MEHSTh YHUCIIO
obopotoB B mpenenax 1500-6000 B MunyTy; cH-
CTEMBI YIIPaBJICHUSI BapHAaTOPOM DIIEKTPUUYECKOM
WK THApaBINYecKoil (pucynok 2) [2].

OCHOBHBIMH HEAOCTATKaMHU JTAHHON KOH-
CTPYKUHMHU SIBIISIIOTCS CJIOXKHOCTb H3TOTOBIICHUS,
Oospine rabapuTHBIE pa3Mephl U, KakK CIe/ICTBHE,
0OBIION BeC, KOTOPhIE MOTYT MPEBBICUTH MOJIO-
JKUTEIbHBIE  XapaKTEPUCTHKA THAPABIHYECKO-
BUOPAIIIOHHBIX TEXHOJIOTHH.

Henbo ganHoOll PpadoThI siBisiercs yCoO-
BEPILIECHCTBOBaHNE PAa0OYMX OPTaHOB KYJIHTHBA-
MM TIPU TIOMOIIY YMEHBIICHHS OOIIel Benndu-
HBl TSATOBOTO COMPOTHBICHMs (TPEHHS) TPYHTa
M0 TIOBEPXHOCTHU JIEMEXa M YMEHBLICHHUS 3aJIMIIa-
HUS Pa0OYMX OPraHOB IIyTEM HCIOIb30BAHUS
SMART PIEZOCERAMICS u BHOparnoHHBIX
HPUHIUIIOB.

Jiist pemieHusi JaHHOW MpoOIeMbl PEAsio-
KEHO HCIONb30BaTh Smart-TeXHOJOrHH. Smart-
TEXHOJIOTUH CIIOCOOHBI MEHSTH CBOW CBOICTBa
WIIM CBOMCTBA MPWJIETAIOINX K HIM MaTEepPHAJIOB
B 3aBHCHUMOCTH OT BHEUIHUX HJIM BHYTPEHHHUX
(akTOpoB, MpH 3TOM OOeceunBasi KOMIAKTHBIC
Y Ha/IOKHBIC KOHCTPYKIUH.

KOHCTpYKTHBHO  CTpPyKTypHast  cXema
Smart-cuctemMbl (MaTepuaia WIH KOHCTPYKIIHH)
npeacTaBieHa Ha pUCYHKE 3.

Actuator

System

Electronics

Pucynoxk 3 — Cxema KOHIeNIUn
Smart-KoHCTPYKUMHU

OCHOBHEIMH ~ OCOOCHHOCTSMH  Smart-
KOHCTPYKIIUH SIBJISIOTCS: BCTPOSHHBIC WIH 3a-
KpEIUICHHBIE Ha TOBEPXHOCTH MaTYHMKH, BCTPO-
€HHBbIE WM YCTAaHOBJICHHBIE Ha ITOBEPXHOCTH
WCTIOJTHUTEIFHBIE ~ MEXaHU3MBI  (aKTyaTopbl);
CXEMBI AJICMEHTOB YIIPABJICHUS ISl PeaTu3aliuu
CHUCTEMBI KOHTPOJIS (TIO3BOJISIOMHAE 00padaThI-
BaTh JaHHBIE OT JATYUKOB I MPUHSATHS COOT-
BETCTBYIOILETO perieHus) [5, 6].

OpHolt W3  pa3sHOBUAHOCTEU
TEXHOJIOTHI SIBIISIETCSL
PIEZOCERAMICS.

CyTh HaHHOHM TEXHOJIOTUHW TPH HCIOIB30-
BaHWU B KYJbTHUBAIIMM TIOYBHI 3aKJIFOYACTCS B
cnenyromeM.  [Ibe30kepaMUYecKUil  DIIEMEHT
IUIOTHO PACIONIaraeTcsi Ha TIOBEPXHOCTH TLTYXK-
HOTO OTBaJIa. 3a CUET HAJIMYUS Yy IThE303IEMEHTa

smart-
SMART
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MPSIMOTO M O0paTHOTO Mbe303((heKTa OH MOXKET
UCIIOJIB30BaThCsl KaK aKkTyatop (BHOpaTop) WM
nmaTduk [7].

[Ipu nojavye mepeMEeHHOTO BIEKTPHIECKOTO
HaNpsDKEHUsI, 3a c4eT oOpaTHOro nee3o3ddexra,
B IbE303JIEMEHTE BO3HUKAIOT KOJIeOaHUs, KOTO-
pble TepefaroTcs IUIY)KHOMY OTBaly. Takum
o0pa3oMm, B IUTyTe BO3HUKAET BUOpaIns, KOTopas
CIOCOOCTBYET YMEHBUICHUIO CHJIBI TPEHHS TLTyTra
C TIOYBOH.

[Ipu OTKJIFOUEHUH TIEPEMEHHOTO JJIEKTPH-
YECKOr0 HAmNpsDKEHHsS, 33 CYeT MPSIMOTo Ibe-
303¢(eKTa, MHe303IEMEHT BHICTYIIACT B KAYECTBE
JaTyvka. 3HAYeHUs, MOJIy4YeHHBIE C HEro, Hc-
MOJIB3YIOTCS JJIl KOPPEKIMU aMILTUTYIbl KoJie-
Oanwmii BUOpanny.

Ha pucynke 4 npeactaBieHa KOHCTPYKIUS

TUTY>KHOTO oTBasa co SMART
PIEZOCERAMICS.
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a) cbopouHsIid yepTex; 6) Bug 3D; 1 — orsai;
2 —snement SMART PIEZOCERAMICS

Pucynok 4 — Iliny:knbrii oTBai co SMART
PIEZOCERAMICS

Juis onpeneneHus aMIUTMTYAbI KojdeOaHuH
IMBE30KCPAMHUICCKOTI0 3JICMCHTA IMPOBCACHO 4YHC-
JICHHOC MOJCIIMPOBAHUE IIPpU IIOMOINM IIaKETa
nporpamm COMSOL Multiphysics [8].

COMSOL Multiphysics — 3To umHTETpH-
poBaHHas maatopmMa UIST  MOJCIHPOBaHUS,
BKJIIOUAroNias B ceOs Bce €ro JTambl: OT co3Ja-
HUSl TEOMETPHH, OTPEJICIICHUSI CBOWCTB MaTepH-
QOB M ONHCAHUS (PUIHYECKHUX SBICHUU [0
HACTPOMKH pelIeHus U mpolecca mocroopadboT-
KH, YTO TIO3BOJISICT MONIY4aTh TOYHBIC W HAJICK-
HBIE pe3ynbTaTh [7].

AHann3 THE30KePaMUYECKOTO DJIEMEHTa
TUTY’KHOTO OTBaJla OCYINECTBIISLICS B PEKUME
Frequency response. PacueTHast ceTka KOHEYHBIX
2JIEMEHTOB B IyHKTE «Meshy BEIOMpanack opTo-
roHanusupoBanHoii — Normal. CeTka moctpoeHa
TeTparoHajJbHbIM pa30MEHUEM, a UCCIICIyCMbIC
TpeXMEpHbIE MOJICNIM TPEJCTABICHBI COBOKYII-
HOCTBIO M3 OOJIbIIIE YeM THICSYH DIIEMEHTOB KaXK-
nas. B xadecTBe pemaTenss HCIOJIB30BAJICS
Direct, B KOTOpOM BBIOpaH YHCICHHBIH METO/T
SPOOLES pmns pemieHHs CHUCTEM JHHEHHBIX
YpaBHEHHH C pa3peKEHHBIMU MaTPUIIAMH.

I'paHuuHbBIC YCIOBHS JIJISI MOJICITH TUTYKHO-
ro orBaia co SMART PIEZOCERAMICS B ¢op-
Me Jucka auamerpoM 60 MM U TONIIMHON 5 MM
WCIIONB30BATUCH  CICAYIOIIUE:  JJIEKTPUIECKOE
nanpsokenune (Electric potential) 100 B mproxe-
HO K [MaMeTpajJbHOMY OJIEKTPOAY, a 3eMII
(Ground) — x 27eKTpOAY Ha MPOTHUBOIMOJIOKHOMN
CTOpoHe. Pa3Mmepsl TUTYy)KHOTO OTBaJia COOTBET-
CTBOBAJIM YEPTEXKY, TNPEICTABICHHOMY Ha pH-

cyHke 4, a.
[Ipu mpoBegeHNN YHCIECHHOTO MOAEIHPO-
BaHMs B makere mporpamm  COMSOL

Multiphysics cHauana omnpenensiach dYacToTa
pe3oHaHca, Ha KOTOPOH Mbe30KepaMUYeCKUH
AJIEMEHT BXOJHJI B PEXKUM PE30HAHCHBIX KoJeha-
HUM. 3aTeM OINpelessUINCh €ro0 MaKCHMallbHasi
aMIUIUTYy1a KOJIeOaHUH Ha ONpeneIeHHbIX YacTo-
Tax ¥ BHUJ KOJE€OaHUs.

Ha pucynke 5 mpencrasnen rpaduk am-
TUITTYHO-4YaCTOTHONH XapakTepucTuku (AYX)
Momenu  TuTy’)kHOro ortBama co  SMART
PIEZOCERAMICS B nmakere mporpamMm
COMSOL Multiphysics.

W3 pucyHka 5 BUIHO, YTO OCHOBHBIE Pe30-
HaHCHBIE 4YacCTOTBl COOTBETCTBYIOT 150, 2950,
4750, 6050, 13350, 17950, 18550 I'm.

W3 pucyHka 6 BHAHO, YTO MaKCHMaJIbHOM
aMIUTUTYyle KOJe0aHWH COOTBETCTBYET YacCTOTa
18550 I'm.

© C. A. dunumoHoB, A. B. Barpauenko, C. C. Slmenko, H. B. ®unumonosa, 2019

DOI: 10.24025/2306-4412.2.2019.169817



TexHi4YHi HayKu

2/2019

]

&

h J lLH—'r/

)P.L

| L

Pucynok 5 — AUX miy:kHoro orBajia co SMART PIEZOCERAMICS
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freq_smpz3di134)=13950  Boundary: Tokal displacement [m] Deformation: Displscemant Max: 3 45806

g

e)

Iroa srpedd196=1E550  Boundary: Total duplacerment ] Deformaion: Duplscsment Max: 357805

=

a) 150 T', 6) 2950 I', 6) 4750 'y, &) 6050 I'u, 0) 13350 ', €) 17950 I'u, orc) 18550 '

PucyHok 6 — Pe3yabTaTbl MOIETHPOBAHNUS BUIOB KOJIEGaHHsI IUIY;KHOT0 0TBAJIA B IAKETE MPOrpaMm
COMSOL Multiphysics Ha pa3HbIX 4acTOTax

BeiBoabl. IlpemiokeHo HOBOE OpHTru- Crnucok JuTeparypsl
HaJbHOE pelieHHue ucnoib3oBanus SMART
PIEZOCERAMICS mns nonyuenus BuOpauuii B [1] P. III. AGakapoBa, "PerymupoBanue ceib-

IUTY’KHOM OTBaJI€ TUTyTa MPU KYJIbTUBAIUU ITOY- ckoro xo3sicTtBa. [loNOXUTENBHBIE CTOPO-
Bbl. [IpoBe/iecHO KOMIIBIOTEPHOE MOJCTHPOBAHUC HBI 3apyOeKHOTO onbITa", Becmuuk Upkym-
mpu momMomm Tmakera mporpamm  COMSOL CKO20  20CYOaApPCMBEHH020  MEXHUYECKO20
Multiphysics. Omnpenenena 4actoTa, MpH KOTO- yhueepcumema, Ne 1 (96), c. 129-133, 2015.
POl  TPOUCXOAAT MakcuMmaiabHble Kosiebanusi [2] B. M. Byarakos, M. O. Csipens, P. B. Kici-
(BuOpaIu) MiIy»)HOro OTBaJia, YTO COOTBETCTBY- asoB, C.B. Opumenko, Ta 1. O. JlicoBui,
eT 18550 I'm. "JlocmimkeHHsT BiOpallifHUX MPOIECIB MpH
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THE USE OF SMART PIEZOCERAMICS FOR CULTIVATING THE SOIL
IN AGRICULTURE

The agriculture is a sector of the economy aimed at providing the population with food and ob-
taining raw materials for a number of industries. The agricultural industry is one of the most im-
portant sectors and is represented in almost all countries. The food security of states depends on the
state of this industry.

The plow is the main tool for cultivating the soil in agriculture.

At present, we can observe various improvements in the technology for tillage and harvesting,
while the main organ of cultivation has not undergone major changes, except for the introduction of
more durable and reliable materials. However, tillage is still one of the most energy intensive opera-
tions in modern agricultural production.

The use of the latest high-performance machinery and equipment while reducing metal con-
sumption and energy consumption is one of the main objectives of the development of modern engi-
neering. However, in this way there are limitations to the performance of traditional machines, the
efficiency of which varies in the range of 0.19-0.38.

One of the ways to improve tillage and reduce friction between the soil and the plow consists in
the use of vibration technologies, which can have a significant effect. Vibration technique and tech-
nology are radically different from traditional prototypes. The use of vibration methods in various
spheres of human activities and, in particular, in agriculture offers great prospects for accelerating
technological progress on a qualitatively new basis.

The aim of the work is to improve the cultivation working bodies by reducing the total amount
of traction resistance (friction) of the soil on the surface of the ploughshare and reducing the sticking
of the working bodies by using SMART PIEZOCERAMICS and vibration principles.

The main features of smart designs are: embedded or surface mounted sensors; built-in or sur-
face-mounted actuators; control element diagrams for the implementation of the monitoring system
(which allow to process the data from the sensors to make an appropriate decision).

The essence of this technology when used in the cultivation of the soil is as follows. The pie-
zoceramic element is tightly located on the surface of the plow blade. Due to the presence of the pie-
zoelectric element of direct and reverse piezoelectric effect, it can be used as an actuator (vibrator) or
sensor.

To determine the amplitude of oscillations of a piezoceramic element, numerical simulation has
been performed using the COMSOL Multiphysics software package.

By mathematical modeling, it has been established that the main resonant frequencies of the de-
veloped plow design correspond to 150, 2950, 4750, 6050, 13350, 17950, 18550 Hz. The maximum
oscillation amplitude of the plow blade corresponds to a frequency of 18,550 Hz.

Keywords: SMART PIEZOCERAMICS, research, agriculture, vibration technologies.
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