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Abstract. At the present stage of development of agricultural
machinery and technologies for crop production have increasingly used
the technologies of precision agriculture. Agricultural machines,
equipment for precision farming technologies can be divided into two
fundamentally different, according to the criterion of using giovinetto
information classes: machinery with registration systems mcseveney
parameters — recorders (mostly sweepers and technical means of field
intelligence) and machines for the distribution of technological materials
— implementers — this is mainly such machines as planters, fertilizer
applicators, sprayers and so on. According to this, tasks and solves them
on-board equipment of machines-registrars, implementers, also
fundamentally different.

The composed model of functioning of machine to make materials
using the algorithm of the smoothing error components of noise intensity
sensor's output. The increase in the coefficient K above this level leads
to an increase of noise components of the signal which makes the
system dynamically unstable. The value of the standard deviation SD of
the difference between the actual rate of fertilizer application and the
specified application rate was 18 kg/ha. Further improving systems to
manage flows and out-flows of process materials, due to the
fundamentally new schemes metering of process materials and the use
of special algorithms to optimize the control law action.

Key words: machine-distributor, material technology,
operating model, simulation
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2aciHHs HebaXaHuX KorugaHb HE8PI8HOBaXeHO020 2Hy4YKo20 pomopa 3
OOHUM, HacaOxeHUM Ha Hbo2o bapabaHom [emrhepu cyxoeo mepms
8UKopUCMO8YoMbCsl Orisi 3MEHWEeHHS eibpauili pomopHUX cucmem 3
HacadxeHUM Ha ear, wo obepmaembcs 6apabaHoM, SKUl 6KI4Yae
Kpumuy4Hi weudkocmi obepmaHHsi ocmaHHbo20. CrieuianbHi 0emrighepu
Cyxo20 mepmsi CyMilytombCcs 3a3eu4yal 3 oropamu. [aHi Oemrichepu
Cymmeeo 3HUXYmb HebaxkaHi KoriueaHHS HE8PIBHOBAXXEHO20 2HYYKO20
pomopa 3 HacadxeHum Ha Hbo2o bapabaHom, eumazaromb, Ha OYMKY
asmopie OaHoi pobomu rodasnbuwo2o ymoYHeHHS U 800CKOHasIeHHSI.

Konu demrigbepu 8’13k020 mepmsi He MOXymb 6ymu euKopucmadi,
3 MEemoK 3HUXEHHS amrnimyd rnpu KpUMmMuU4yHUX WeUOKOCMSX MOXHa
BUKOPUCTaTK geMndepmn Cyxoro TepTs.

Y poboTi HaBegeHa rpadivyHa 3arnexHicme cunu, O0ito4Yoi Ha
¢yHOameHm (q), 8i0 yacmomu obepmaHHs pomopa () 3a HasgeHOCMI
Oemrichepa cyxoz2o mepms. [aHa epagbiyHa 3arnexHicmb 00380sIsi€
3po3yMmimu  ¢hisu4yHUlU 3micm egekmy Oemrichepie Ccyxo20 mepms,
Kompuu rorssz2ae y momy, wo Oemrichepu emMukaromeCs Jiuwie rosa
PE30HaHCHUX WeUOKOCMSIX pomopa Ha Mpy»XHUX oropax.

ObrpyHmoesaHa MemoduKka po3paxyHKy Oemrighepie  Cyxoz20
mepmsi, siKi 3a0a4i 00 2acCiHHS KoJlu8aHb HEBPIBHOBaXEHO20 2HYYKO20
pomopa 3 HacadxeHumMm bapabaHom.

OmpumaHi y pobomi pedynbmamu MoxXymb 6ymu y rnodarnbuomy
guKopucmaHi 051 YmMOYHEHHST U 800CKOHarneHHs iHXeHepHUX MemoduK
po3paxyHKy napamempie demrghepie cyxo2o0 mepmsi Ornsi 2aciHHS
KosugaHb HespigHo8a)keHUX cucmem mury «pomop—bapabaHy.

Knwo4yoBi cnoBa: po3paxyHOK, onmumi3auyisi, napamempu,
demnghep, cyxe mepmsi, 2aciHHs1, KOJlU8aHHsI, HE8PIBHOBaXKEHiCMb,
2Hy4YKul pomop, 6apabaH

NMoctaHoBKa npobnemu. [1na 3mMeHLWweHHs Bibpauin y LMpokomy
AianasoHi WwBnakocten obepTaHHA POTOPHUX CUCTEM 3 HacapKEHUM Ha
Ban, wo obepraetbcH, 6apabaHoOM, KM BKIOYAE KPUTUYHI LUBUAKOCTI
obepTaHHA OCTaHHbLOro, AOLIIbHO BUKOPUCTATK crieuianbHi gemndepu
CyXOro TepTd, SKi CyMillyloTbCa 3asBumyan 3 onopamu. PospaxyHok
OCHOBHUX MapameTpiB «cyxmx» aemndepie (abo pemndepis cyxoro
TepTs), AKi CYyTTEBO 3HWXKYHOTb HebaXkaHi KONMMBaHHA HEBPIBHOBAXXEHOIO
FHYYKOro poTopa 3 HacagXeHWM Ha Hboro GapabaHom, BMMararTb, Ha
OYMKY aBTOpiB AaHOT poboTM NoganbLoro yTOMHEHHSA 1 BAOCKOHANEHHS.

AHani3 octaHHiX gocnigxeHb. Bnepule cneuianbHi gemndepu,
SIKi CyMILLIEHi 3 onopamu, B’A3KOro Ta cyxoro Tepta 6ynu 3anponoHOBaHi
B pobortax [1-3]. MeTtoauka po3paxyHKy AemndepiB cyxoro TepTs
BuknageHa y [4]. MNMpoTe icHyBaHHA peXunMiB OYHKLOHYBaHHSA MOAIOHMX
aemndoepis, Ha AyMKy aBTOpIB, BUBYEHE HEQOCTATHLO, 30KpEMA, PEXNUMN
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3 NPOKOB3YBaHHAM (4 6e3 Hboro). PesynbTtatn UMTOBaHUX BULLE PoDIT
OyayTb YaCcTKOBO BUKOPUCTaHI Y AaHOMY OOCHIIgXKEHH.

MeTa pocnigXxeHb nonsrae y obrpyHTyBaHHi MeTOOY PO3paxyHKy
Ta ONTMMI3aLil OCHOBHMX napameTpiB ageMndepiB TepTd, SKi NPU3HaYEHi
OS5 raciHHA HebaXkaHUX KonMBaHb HEBPIBHOBAXXEHOIO rHYy4KOro potopa 3
OOHUM HacamXeHMM Ha Hboro GapabaHom. lNpu ubomy cam gemndep
CYyXOro TepTd CyMileHnn besnocepenHbO 3 KOXKHOK OMOpPOoK poTopa.

Pe3synbTatn pocnigxeHb. Y TOMYy BMNagKy, Konv aemndepu
B’A3KOr0 TepTs He MOXYTb OyTWM BUKOPUCTAHi, 3 METOK 3HWXKEHHS
aMmnaiTya Npu KPUTUYHUX LUBUAKOCTSAX MOXHA BUKOpUCTaTU gemndepu
cyxoro Teptd. OCHOBHUMM OCOBNBOCTAMU ENIEMEHTIB CyXOro TepTs €:

1)cnabka 3anexHiCTb cunu TepTs Big LWBWMAKOCTI, WO A03BONSE
npuv aHanisi Bukopuctatn oopmyny KyrnoHa-AMOHTOHa:

F=a-N (1)
pe: N — cuna, 3 49KO MNPUTUCHEHI oAHa OO0 OAHOI MOBEPXHi; a —
KOoeiUieHT, AKMN 3aneXuTb rofloBHMM YMHOM Big MaTepiany nap T1epTts;

2) iCHYBaHHSA y cucTtemax, ki BUKOPUCTOBYIOTb CyXe TepTs, OBOX
PEXNMIB:

a) eneMeHT «BIAYMHEHUN» — MOXMMBE B3aEMHE MNPOKOB3YBaHHS
NOBEPXOHb, L0 KOHTaKTYOTb MiXK COBOI0 (Y LbOMY peXuMi cyxe TepTsa He
obmMexye amnniTyq Npyu pe3oHaHci);

6) enemMeHT «3a4yMHEHUN» — B3aEMHE MPOKOB3YyBaHHS MOBEPXOHb
BIICYTHE, WO MOXIMBO Yy BUNaAKy, KONU cuna TepTa y enemMeHTi byae
nepesuLLyBaTK CUNY, AKa NnepefaeTbCcs Yepes HbOro.

BpaxyBaHHS BkazaHnx ocobsIMBOCTEN JA€E MOXNUBICTb 3@ paxyHOK
BUOOPY BENUUUHW 3aTsKKM Aemndepa YHUKHYTU PEe30HaAHCHWUX CTaHiB
cuctemu, 306paxeHoi Ha puc. 1.

(o

Puc. 1. F'eomeTpia 3agaui.
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[ns 3MEeHLIEeHHS pPe30HAHCHUX KOnMMBaHb Y CUCTEMi «pOTOp
GapabaH» came pOTOP PO3MIlLEHMI Ha [ABOX OAHAKOBUX i30TPOMHMX
npyxHoaemndepHNx onopax, KoxHa 3 KOTpUx Mae macy M., )XOPCTKICTb

C,, koediuieHT gemndpyBaHHA CyXoro TepTs: If:%:& M; — maca

poTopa 3 HacamkeHnm 6apabdaHom; C; — NOro XXOPCTKICTb.
«CnpecoBaHi»  piBHAHHS  pyxy TiNbkM ANS  NOCTynanbHUX
nepemileHb MarTb BUA:

.. 2 iwot
M, U, +C, - (u—u,)=M,-E-0*-e"";

) o1 (2)
Mz-u2+C2-u2+F-S|gn(u2)+E-Cl-(u2—ul):O,

ge: U; Ta U, — nepemiweHHs BignosigHo ©GapabaHy Ta Moro onop;
E=l+i-l; u=uy, +i-U,; uy=u, +i-U,; i* =—1; Iy, |, — NiHiitHi BenMunHM
(B3goBx Bicen Oy, Oz), sKi xapakTepusyoTb NapamMeTpn He4OCKOHANOCTI
poTopa TUMNY HEBPIBHOBAaXXEHOCTI; W — WBNAKICTb 06epTaHHA poTopa; t —
vyac.

[Micna HecknagHUX nepeTBOpPeHb PIBHAHHA cuUcTeMu (2) MOXHa
3BECTW 0 ABOX HACTYMNHUX:

ulzci-[M?_-U'ﬁCZ-u2+Fo-sign(u2)+%-cl-u2}

: (3)
MclM U( )+U2'(M1'%+%+sz+cz‘uz+|:'Sign(uz)=%-|V|1~E-a)2-ei"”'t_
Y noganbliomMy po3rnagatmMemMo BUNagoK, KOMu:
(V)
e M C— —M +1[,Q% = C (4)
u, M C, 2-M, |\/|1

Toaoi Aapyre piBHAHHA cuctemun (3) cnpowlyeTbcsa 1 HabyBae
BUrNAOY:

u, - Ml-&Jr%H\/I2 +C2-u2+F-sign(uz):l-I\/Il-E-a)z.ei‘“"t (5)
C, 2 2
BBegemo no3Ha4veHHs:
M, @ 2-F
u=e g p-ip- 2T (6)

M1 Cl Q E-C,
ae: F — cuna 3aTsKKu KOXXHOro 3 gemndepis.
AHarni3 nokasye, LWo ko napametp D obpaTtn 3 ymoBu:

2
B | 7)
1-4
ae: Bo — HegemndoBaHa BfiacHa YacTtoTa cuctemn (HopmoBaHa Ha Q) U
BU3HAYaETLCH 3 PIBHAHHS:

D>D*=
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- 1
(-55)(a-n-5)-5 5 =0, (8)
Topi y cuctemi He Byae pe3oHaHCHUX cTaHiB. [Mpn po3paxyHKy no
dopmyni (7) bepemo 3HayeHHs B, KOTpe Npu3BOAUTbL A0 OinbLIoro
3HayeHHa gna D*. 3 (7) sugHo, wo D* 3aexan 6Ginbwe oanHWULUI.

(piBHSAHHSA (8) Mae aBa KopeHi Bo1, Bo2)-
Ha puc. 2 nobGypoBaHi amnniTyaHi KpuBi Cunuv, AilYol Ha

Q

dyHOameHT (q :C—E’ ae Q — BnacHe cuna, giroda Ha oyHOAMEHT), nNpu

1
1=0.1, a=0.1 n gn4a Kinbkox 3Ha4yeHb napameTpy D (D*=1.17).

D=0
3
D=1,0
D=0,01
D=0,2:0.5
D=0
, L D=2,0 D=

b D=0

o

L .

) Bor B B«(D) DB, 5 B B B 3 B
Puc. 2. 3anexHictb cunun, aito4dol Ha pyHaameHT (q), Bi4 4acToTu

obepTtaHHa poTopa (B) 3a HasBHOCTI Ademndepa Cyxoro TepTs

(B.=Al,..)

3 puc. 2 sunnueae, wo npu D>D™* pe3oHaHCHI CTaHW BIACYTHI.
[demndep cyxoro TepTsa nNpu LbOMy Npautoe y OBOX pexunmax: gemndep
npautoe y AianasoHi weugkocteir S,(D)...B,; Aemndep He npauioe B
YyCbOMY [HLWOMY fdiana3oHi LwBuakocten. Puc. 2 [03BONSE 3p03yMiTu
Qi3ndHUM 3MICT edeKTy aemndepiB Cyxoro TepTs, KOTPUA nonsrae y
TOMY, WO aemndepn BMUKaOTLCA JLLE NOo3a Pe30HAHCHUX LLBUOKOCTEN
poTopa Ha npyxHux onopax. [Napametp D 1 xopcTkicTb onop C, cnig
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obmnpaTtn MiHiMarbHO MOXIUBUM, OCKISTbKM NPU LbOMY 3MEHLUYHTbCSA
cunn, fitodi Ha dyHoameHT. llapameTtp D 3anexuTtb Big BennuyuHU
HEeBPIBHOBAXXEHOCTi. ToMy, SAKLIO Us BenuyuHa 3asganerigb Hesigoma,
TOoOi cCnig  OpieHTyBaTUCb Ha  MakcumanbHO  Moxnuey.  [lpwu
HenepenbadYeHoMy  3pOCTaHHI  HEBPIBHOBAaXXEHOCTI  3MEHLUYETbCS
napameTp D, i AKWo BiH cTae MeHwWuUM D*, To4i MOXIMBI pe30OHaHCHI
KONMIMBAHHSA Ha KPUTUYHUX WBKOKOCTAX. Came y ubOoMy NpOsiBASAIOTLCA
HeniHiMHI BNacTUBOCTI AeMndepiB Cyxoro TepTs.

Ana  6inbw  geTanbHOro 3'dcyBaHHSA MeX  (PYHKUiIOHYBaHHS
aemMndepa cyxoro TepTs, B SKUMX BUHUKAKTb (YM Hi) pPEe30OHaHCHI
KOSIMBAHHSA Ha KPUTUYHUX LUBMAOKOCTAX, CNig AeTanbHO npoaHanisysBaTtu
PiBHAHHA (5) y HabnwxeHHi (4), ane ue € nNpeaMeToOM OKPEMOro
AOCHIOXKEHHS.

BucHoBok. OOrpyHTOBaHa MeTOAMKa pO3paxyHKy Aemndepis
CyXOro TepTs, 4AKi 3ajadi [0 raciHHA KONMBaHb HEBPIBHOBAXXEHOIO
FHY4kKOro potopa 3 HacagpkeHum GapabaHom. OTpumaHi y poborTi
pes3ynbTaTn MOXYTb OyTW Yy noganblLUOMy BUKOPUCTaHI AN YTOYHEHHSA 1
BOOCKOHANEHHs  IHXEHepHMX MeTOAMK  pO3paxyHKy napameTpis
aemMndepis cyxoro TepTa AN raciHHA KONMMBaHb HEBPIBHOBaXXEHUX
cucTem Tmny «potop—b6apabany.
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PACHET ONTUMAIJIbHbIX MAPAMETPOB OEMIM®EPA CYXOIo
TPEHUA OANA FrALLEHNA KONEBAHUUA HEYPABHOBELLEHHOIO
M’MBKOIo BAJIA C HACAXOEHHBIM BAPABAHOM. YACTD I
B. C. JloselikuH, IO. B. HoeHmok, A. I. JIawko

AHHOTaumnA. Ob60CcHOBaHHbIU Memod pacdyema ornmumMaribHbIX
napamempog OeMripepo8 Cyxo020 MPeHUs, [puMeHsitomcsi  Oris
MyuweHuUs1 HexxenamersbHbIX KonebaHuli HeypasHoeeweHHo20 2ubkoz2o
pomopa c Opyeom, HacaxXeHHbiIM Ha Hez2o0 bapabaHom [emrghepbl
CyX020 MPEHUS UConb3yromcs Onsl yMeHbWEeHUs1 subpayuli pOmopHbIX
cucmeM C HacaXeHHbIM Ha spalwaroujulcss ean bapabaHom, KOomopsbiU
8KMroHaem  Kpumu4deckue — CKOpocmu  epawjeHusi  rnocriedHeezo.
CnieyuarnbHbie Oemrighepbl Cyxo20 MpeHuUs coemewaromcsi 0bbIYHO C
oriopamu. LaHHble oemrichepnbl Cyuw,ecmeeHHo CHUXXarom
HexefamerbHble KosiebaHusi HeypasHo8eWweHHO20 2ubko2o pomopa ¢
HacaXeHHbIM Ha He2o b6apabaHoMm, mpebyrom, Mo MHEHUIO asmopos
OaHHoU pabombl OarnibHelwe20 YMmOYHEeHUSs U CO8epUIEHCMBOBaHUSI.

Koz0a Odemngbepbl 853Kk020 mpeHUss He Moaym  bbimb
UCrosb308aHbl C UEMbK CHUXEHUS amriaumyO rpu Kpumu4yecKux
CKOPOCMSIX MOXHO UCI0/1b308amb OeMrighepbl CyXx020 MPEHUS.

B pabome npusedeHa epachuyeckas 3a8UCUMOCMb  CUJIbI,
Oeucmeyrowel Ha ¢pyHOameHm (q), om Yacmomel epaweHuss pomopa
(B) npu Hanu4uu JOemrichepa cyxo2o mpeHus. [aHHas epachudeckasi
3asucuMocmb 110380s1ilem [OHAMb  u3udeckul CcMbIc/  aghghekma
0emMrichepo8 Cyxoe20 MPEeHUs, KOmophbIU 3akrndyaemcss 8 MmMOoM, 4Ymo
oemrichepbl  BKMHOYAKMCS MOJIbKO B8HE PE30HAaHCHbIX CKOPOCMSX
pomopa Ha yrnpyaux oropax.

ObocHosaHHasi MemoOuka pacdema 0emMrighepos8 Ccyxo20 MpEHUS,
3adayu K 2aweHuro KornebaHul HeypagHogeweHHo20 aubkoao pomopa ¢
HacaxeHHbIM 6apabaHoM.

lNony4yeHHble 6 pabome pe3dynbmamel Mo2ym 6bimb 8
OarsibHelweM UCMonb308aHbl 011 YMOYHEHUS U cog8epueHCmeo8aHusl
UHXEHEePHbIX MemoOUK pacyema rnapamempos OemMrghepos Ccyxo2o
mpeHus 0ns 2aweHusi kosiebaHul HeypasHOB8eWeHHbIX cucmeM murna
«pomop-6bapabaHy.
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KnroyeBble cnoBa: pacyem, onmumu3auyusi, napaMempbl,
demnbep, cyxoe mpeHue, myuweHusl, konebaHusi,
HeypaeHoeeuweHHOCcMb, 2ubkuli pomop, 6apabaH

CALCULATION OF OPTIMAL PARAMETERS OF DRY DAMPERS
FOR DAMPING OSCILLATIONS OF UNBALANCED FLEXIBLE
SHAFT WITH ONE REEL. PART Il
V. S. Loveykin, Yu. V. Chovnyuk, A. P. Lyashko

Abstract. Method of calculating the optimal parameters of dry
friction’s damper of unbalanced shaft is substantiated. These dampers
are used to reduce resonant vibrations of the rotors in a wide range of
speeds. Dry friction dampers are used to reduce the vibrations of rotary
systems with a drum that is loaded on a rotating shaft and includes the
critical rotational speeds. Special dry-friction dampers are usually
combined with supports. These dampers significantly reduce the
undesirable vibrations of an unbalanced flexible rotor with a drum
mounted on it, require, in the authors' opinion, further refinement and
improvement.

When viscous friction dampers cannot be used to reduce the
amplitudes at critical speeds, dry-friction damping can be used.

The graph of the force acting on the foundation (q) on the rotational
speed of the rotor (B) is shown in the work with a dry friction damper.
This graphical dependence makes it possible to understand the physical
meaning of the dry friction damping effect, which consists in the fact that
the dampers are switched on only outside the resonant speeds of the
rotor on elastic supports.

A well-founded technique for calculating dry-friction dampers, a
problem for damping vibrations of an unbalanced flexible rotor with a
mounted drum.

The results obtained can be further used to refine and improve the
methods of engineering calculation of optimal parameters.

Key words: calculation, optimization, parameters, damper, dry
friction, quenching, oscillation, imbalance, flexible rotor, drum.
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