In the course of further research it is proposed to consider dynamic
loads separately from each other. This is due to the fact that the frequency
of the corresponding pendulum oscillation of the payload and the trolley
relative to the rope drum varies considerably. The maximum forces in the
haul cable from the pendulum oscillations of the payload and the
fluctuations of the trolley relative to the rope drum have been calculated.
As a result of the obtained results analysis, the value of the dissipation
factor of the cable-damping system has been determined. It value provides
aperiodic oscillations of the trolley relative to rope drum.

Determination of maximum forces in the haul cable has been carried
out on example of four tower cranes: KB-674, 200 EC-H 10 Liebherr, MTD
128 Potain, 5 LC5010 5t LINDEN COMANSA. In order to establish the
adequacy of the obtained analytical results they have been compared with
data of numerical integration of the movement equations of the derricking
mechanism of tower crane KB-674.

Key words: tower crane, derricking mechanism, payload, haul
cable, partial frequencies, oscillations, dynamic loads, dissipation
factor
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AHoTauia. Cmamms npuypodyeHa OOCIOXKEHHIO MHesMamu4yHO20
annapama ueHmparizoeHo20 eucigy OUCKO8020 mury 3 HaxusrieHoH
giccto obepmaHHS, y SKO20 KOMIpKU Orisi eucigy HacCiHHS PO3MILEHI
KOHUEHMPUYHO Ha HUXHIU ocHosi ducka. [lpu uboMy 3Ha4dyeHHs cusmu
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MPUCMOKMYBaHHS HaciHUHU 00 KOMIPYUHU 8 KpaUHiX moyKax, Wo fiexame
Ha 2opu3oHmarnbHoMy Odiamempi Oucka nid Yac (o20 pyxy Mo Kosy 8
MAOWUHI HaxuseHit rid Kymom 00 20pU30HMY 3 HUXHbO20 MOJIOXKEHHS Y
8EPXHE | HasnaKku, Mae pisHe 3Ha4YeHHs.

Y cmammi HagedeHo cxeMy curl, o 0ilomb Ha HaciHUHy 8 MOMEHM
i pyXy 3 HUXXHBbO20 IMOJIOXKEHHS Y 8€PXHE | CKITad0eHOo yMo8Yy pigHo8azau Yux
cusn. 3 cxemu 8UOHO, WO i0 Yac obepmaHHs 8UCIBHO20 efleMeHmMa Pi3Ko
3pocmae HasaHmMaXXeHHS1 Ha 3a0HI0 wmoexarody CMIHKY KOMIpYUHU r1id
Oieto IK020 HaciHUHa rnpumuckKyemscsi 00 CMIHKU KOMIpYUHU, 8 mouU 4Yac
K nepedHiu moxe rnepebysamu 6e3 HasaHmMa)xeHHs. B makomy surnadky
BUHUKaeE He cmillKe MOoJI0XEeHHS | NepeoHil KiHeUb HaciHUHU 8idipeembCsi
8i0 KOMIpYUHU. 5K Hacsiiook i@ muCKOM [HWUX HaciHUH 80Ha MoXe
rnosHicmio gidipeamucek i 8UWIMOBXHYMUCb 3 KOMIipYUHU. L[Jo6 ubo20o He
cmarsioch y nNHesMamu4HUX 8UCIBHUX ariapamax HaciHHs ympumMyembCs 8
KOMIpYUHax 3a paxyHOK rpucMoKmyearsibHOI cusiu.

LlJo6 esusHa4umu 3Ha4YeHHS cusiu MPUCMOKMY8aHHs HaciHUHU 0o
KOMIPYUHU, W0 pyXaembCs 3 HUXHBbO20 IMOJI0KEHHS Y 8epPXHE, y cmammi
pPO32/IFHYMO cxemy cus, wo Oitomb Ha HaciHUHy came 8 uel MOMeHm |
CKrla0eHo yMogy pigHogazau yux cus. Ha ocHosi yiei cxemu ompumaHo
aHanimuyHy 3arnexHicmb cusiu rnpucMoKmMyeaHHs1 HaciHUHU 00 KOMIPKU
8UCIBHO20 esleMeHmMa 3 HaxurieHoto eiccro obepmaHHs, SK 8i0
KOHCMPYKMUBHO-mexHos102iYHUx napamempis (y, a, R, w, h) sucieHo2o
efleMeHma, mak i i3uko-mexaHiYHUx enacmueocmed (m, r, I, f, €, p)
camo20 HaciHHA. OmpumaHa 3aexHicmb 0ae MOXJ/ugicmb 8u3Ha4yumu
3Ha4YeHHs1 cusu rnPUCMOKmMYye8aHHs1 HaciHHS1 00 KOMIPOK rnpu3HadyeHux Osis
0bcr1y208y8aHHS nMpasocmMopPOHHBOI 2Py U COWHUKIG cigasiku.

Kno4oBi cnoBa: eucieHulU esieMeHmM, HaxuJsieHa eicb, KOMipKa,
HaciHuHa, 3epHoeul wap, muck, 6iyHuUli muck, cuna, 1o6oeut onip,
mepmsi, MPUCMOKMYye8aHHS

NMoctaHoBka npobGnemun. OgHMM 3  WNSXiB - NiABULLEHHS
BPOXXaWMHOCTiI 3€PHOBUX KOSIOCOBUX KYNbTyp € BMPOBaXEHHSI TOYHOrO
BUciBY HaciHHSA [1]. [Ans noro peanisauii 3anponoHOBaHO Pi3HI KOHCTPYKLT
NHEBMATUYHUX anaparTis 3 ueHTparnizoBaHMMm BUCIBOM. [MpnHUMN poboTu
Taknx anapaTtiB IPyHTYETbCA Ha MPUCMOKTYBAHHI HaCiHHA 0O KOMIpPYWH
BUCIBHOIO efieMeHTa, BCEPEaNHI AKOro CTBOPHOETLCA PO3PIiAKEHHS [2]. Ak
npaBumo HacCiHHA MPUCMOKTYETHCA B 30HI 3abopy i BUHOCUTBLCA B 30HY
BUCIBY B SKi NMPUCMOKTYBarbHi KaHanu nepekpuBalTbCH, Bakyym B
KOMipKax 3HUKae 1| HaciHHA BunNagae B HaciHHenpoBoaw, | pani
TPaHCNOPTYETLCA OO0 COLWHUKIB. lNepeBaroo Takux anapaTtiB € Te, Lo
yCTaHOBKa MO cepeauHi ciBanku ogHoro abo ABOX anapaTiB MOXe
3abesneunt nogady HaciHHS OO rpynu COLUHWUKIB, CymMapHa LUMpPUHa
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3axBaTy AKMX NepeBULLYE LIMPUHY 3axBaTy camMoro arnaparta B Kiflbka
pasiB.

Cepepf Takux anaparTiB 3acryroBye yBaru nHeBMaTU4HUM anapar 3
HaxuneHow Bicclo obepTaHHA BUCIBHOro enemeHta [3], wo pgOae
MOXIMBICTb 3[IMCHIOBATU  OAHOYACHUA BUCIB HACiHHA B Tpu rpynu
COLLHWKIB pO3MiLLleHNX 3 MiBOI i NpaBOi CTOPOHW CiBanku 1a no 11 LeHTpy.
Take KOHCTPYKTUBHE pilleHHs 3abe3nedvye 3pyvyHUn | nerkui goctyn o
HaCIHHENPOBOAIB PO3MILLEHNX B 30HI PO3BAHTAXXEHHSA KOMIPOK BUCIBHOIO
enemMeHTa nig 4ac wnoro obcnyroByBaHHsS. OgHak B fiTepaTypHMX
pKepernax He HaBoOOATbCA pes3ynbTath 3 IX JOCnigXeHb, 30Kpema 3
BU3HAYEHHA SK rMUOUHM PO3pPIgKEHHA BCepeanHi BUCIBHOIO erfleMeHTa,
TakK i CUN NPUCMOKTYBAHHS HACIHUHW 00 KOMIPYMHWN BUCIBHOIO efleMeHTa,
3a 3HAYEHHSAM SIKOT | BU3HA4YaeTbCA HeobxigHa rmMmMbuHa po3pigXKeHHs B
6yab skomy BuciBHOMY anapaTi. OCKinbkM ymMOBM ANs nepemileHHs
HacCiHAHW B 3€pHOBOMY LUAPi 3 HWXKHBLOIO TOSIOXKEHHA Y BEPXHE
BiAPI3HAOTLCA Big YMOB 11 epeMiLLeHHA MO KOy, TO 04EBUOHO, O | CuUnm
NPUCMOKTYBaHHS HaCiHMHM 0 KOMIPYMHK Nig vac i pyxy Bropy, To0To nig
KyTOM [O T[OpPM30HTY, TakoX OyayTb 3HA4YHO BIiAPI3HATUCE. Tomy
TEOpeTUYHi 3acagn ANs BU3HAYEHHA CUNUM MPUCMOKTYBaHHA OyayTb
IHWMMKM | TX HeobXigHO BM3HAYUTM camMe Anst TUX YMOB, KOMW HaciHMHa
nepeMilyeTbCs 3 HXXHBOIO MONOXEHHS Y BEPXHE.

AHani3 ocTaHHiX pocnimkeHb. AHani3 nitepaTtypHUx mkepen
NPUYPOYEHUX NUTAHHAM Teopil MHEBMATUYHUX BUCIBHUX anapariB [2, 4]
nokasye, WO BOHW € [JOCTaTHbO BWBYeHi. OfHak BCi TEOPETUYHI
MOJSIOXKEHHS, O CTOCYHTbCA MPUCMOKTYBAHHIO HAaCIHUHU 0O KOMIpPYUHM,
'PYHTYIOTbCA Ha MepeMileHHi HaCiHWHM MO KOy pPOo3MilWeHoOMY Y
BepTUKasbHIi abo y ropu3OHTasnbHil NNOWWHAX i He MOXYTb 6yTH B NOBHIN
MIpi 3acTOCOBaHi [0 BU3HAYEHHA CUNU MPUCMOKTYBAHHA HAaCIiHWUHU [0
KOMIPYUHU, AKa PYXaeTbCHA MO KOSy PO3MILLLEHOMY B MMOLMHI HaXUMEHIn
nig KyTOM y O FOPU3OHTY.

MeToro gocnigXeHb € npoBedeHHA aHanisy cun, Wo AiloTb Ha
HaCIHWHY nig 4Yac 11 nepemilleHHa nig KyToM A0 FOPU30HTY 3 HUXKHBbOIo
MONIOXXEHHA Yy BEPXHE i Ha OCHOBI PIiBHOBArnM CuUn BU3HA4UTU CuUny
NPUCMOKTYBaHHSA 0O KOMIPYMHU BUCIBHOIO e€fieMeHTa 3 HaxureHolo BIiCClo
obepTaHHA.

Pe3synbTatn pgocnipgxeHb. [ns Toro wob BU3HAYMTU 3HAYEHHS
CUNUN MPUCMOKTYBAHHSA HACiHUHW OO0 KOMIPYMHWN, LLO PYXaETbCHA MO KOy B
MAOWMHI HAaXUNEeHIN Mnig KyTOM 0O FOPU30HTY 3 HMXKHbOIO MOJIOXKEHHS Y
BEPXHE, HEOOXIAHO PO3rNAHYTU CXEMY CUSl, Lo Ail0Tb HA HACiHUHY came B
Ler MOMEHT i CKnacTu yMOBY piBHOBarm uux cum, 3 sIKOI MOXHa Oyae
oTpumMaTn BIQMNOBIOHY aHaniTUYHY 3anexHicte. Ha puc. 1 HaBegeHo
dparMeHT BUCIBHOrO erieMeHTa 3 HaxWNeHow nig KyTOM Yy BICCHO
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obepTaHHA Ha SIKOMY B po3pi3i 306pakeHo KOMIpYMHY 3 PO3MILLEHOIO B HilA
HaCIHWUHOLO Mig Yac pyxy Bropy.

Oss Y

Puc. 1. ®parMeHT KOMipYMHMU BUCIBHOIO €fieMEHTa 3 HaxWUIIEHOLO
BicClo 0bepTaHHs i PO3MILLEHOI0 B Hil HACIHWMHOW, fiKa po3MilieHa Ha
HWXKHIN OCHOBI (TOpLi) Nig Yac pyxy Bropy.

3a pesynbTaTaMy Hawux JocChigKeHb [5] 3Ha4yeHHa uux cun
BU3HavalTbCA 3a hopmMmynamu:

T:%ﬂ-.r.l.g-n-Kﬂ-p-g-h‘Sin}/, (1)
Q:%ﬂ.ﬂ.gz.n.Kﬂ.p.g-h-cos;/, (2)
R= T+Q:%ﬂ"r'|-E'n'Kﬂ°p'g'h'\/3in27+82'00327 (3)

pe: m =3,14; r — NOfIOBUHA LUMPUHA HACIHWHK; | — OOBXWHA HACIHWHWY,
& — KoeqilieHT BiYHOro po3nupaHHsa; N — KoedilieHT, Lo BpaxoBye
BepTUKarnbHi CuUNM TepTa HaciHHA 06 CTiHKM OyHKepa (KoediuieHT
3aBucaHHA); AnA Hernnbokoro byHkepa n' = 1; Ky— nonpasHuit KoedillieHT,
O BpaxoBYE OMHAMIYHICTb HaBaHTAXEHHS; 0 — HaACWUMNHa wWiNbHICTb
HaCiHHSA; g — NPUCKOPEHHSA BiflbHOro NagiHHg; h — rmmubuHa po3mileHHs
TOYKM MPUKIIadaHHA TUCKY Nif WapoM HaCIHHA.

Ons Toro, Wob BUSICHUTWU Oil0 BCIX CUIT Ha HAaCiHWHY, BUAOINMMO
dparMeHT Ancka 3 KOMIPYMHOK | PO3MILLLEHOK B Hi HaciHUHOW. [pwn
LLbOMY BBa)XaeMO, L0 LLeHTP KOMIPYMHK | HACiHWHUM cniBnagatTb | fiexaTtb
Ha NPsMIN, sika NPOXOANTb B3O0BX HMKHBOI MOBEPXHI AncKka. [poBegemo
yepes CniflbHUU LEHTP HACIHMHW i KOMIpYMHU cuctemy koopauHat XYZ,
puc. 2 i nokaxkeMo Hanpsm Ail BuwesasHadeHux cun. MNpu ubomy 3 MeToro
cnpoweHHa nobyagoBM CxXxeMu BBaXaemo, WO Bicb X HanpasereHa
nepneHauKynapHoO 4O NAOWKWHM MarntoHKa. lig yac obepTaHHsA BUCIBHOIO
erneMeHTa pi3KO 3pOCTae HaBaHTaXXEHHA Ha 3aJHI0 LUTOBXat4yy CTiHKY
KOMIpYUHM Mig, OiEt0 AKOro BUHMKaE piBHA 3a BENTMYMHOK ane npoTUNeXxHo
HanpaBrneHa HopmarnbHa cuna N.
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Puc. 2. Cxema cuvn, wWo fitoTb Ha HACiHMHY PO3MiLLEeHY B KOMIPYUHI
BUCIBHOIO €fleMeHTa 3 HaxUIeHo BicCto 06epTaHHA Nif Yac pyxy Bropy.

LUa cuna pgna  HaniBcepuyHol KOMIpYMHM 3a  AdaHumu  [6]
HanpasfeHa nig KyToM a 4O neprneHauKkynspa onyweHoro o Xopau, Lo
CTArye KiHUEBI TOYKM KOMipUMHK. OCKiNbKM 3agHin KiHeUb HaCiHWHK
NOCTIMHO MPUTUCKYETLCA O CTIHKM KOMIPYMHKU, B TOW Yac K nepegHin
Moxe nepebyBaTn 6e3 HaBaHTaXEHHSA, TO B TaKOMy BUNALKy BUHUKAE He
CTiMKe MNOJIOXKEHHS | NepeHin KiHeLb HaCiHUHU BigipBETbLCSA Bifl KOMIPYUHN.
AK Hacnigok nig TUCKOM iHLWMX HAciHWMH BOHA MOXe MOBHICTHO BigipBaTUCh
| BULUTOBXHYTUCb 3 KOMip4MHW. lpu ubomy cuna Barn G, ska die BHU3
B3[OBX OCI Z, TAaKOX HamaraetbCs Ii BigipBatn Big KoMmipyunHu. Lle €
OAHIE 3 NPUYMH, SIKi NPU3BOAATL A0 BUCIBY 3 NPOMNycKoMm, TOOTO 3a yac
NOBOPOTY BUCIBHOIO erleMeHTa i NPOXOKEHHS HUM 30HM 3amnoOBHEHHS,
KOMipuMHa BUSBUTbCSA ©0e3 HaciHMHui. LWo6 uboro He cTanocb Yy
NHEBMATUYHUX BUCIBHUX anapatax HaCiHHA YTPUMYETbLCA B KOMIpYMHaX 3a
paxyHOK NMPUCMOKTYBarbHOI cunun. Lo cuny mMoxHa BM3HAYUTU 3 YMOBU
piBHOBarn cwsn, WO Ail0Tb Ha HacCiHWHY. [Ans ubOro poskragemo cuny
NPUCMOKTYBaHHS, $SIKYy NMO3HAa4YMMO CUMBOSIOM Ppp, Ha ABi CKNagoBi —
ropusoHTanbvHy Prpy | BepTUKanbHy Prp z Ta BU3HAYMMO 1X 3HAYEHHS.
Hanpsimok aii npMcMOKTyBanbHOI cunu (puc.2) 3aBxau crisnagae 3
HanNPsSIMKOM MPUCMOKTY BalfibHOMO KaHany KOMIpYMHW, a OCKiNbKK
NPUCMOKTYBaNbHUA KaHan KOMIPYMHW BUKOHAHO NEeprneHauKynsapHo OO
OCHOBM BWUCIBHOIO efieMeHTa HaxwusieHoro nig KyToM Yy, TO Ha OCHOBI
B3aemMonepneHanKynapHOCTI CTOPIH TPUKYTHUKIB BUOHO, LUO:

Py, =Ppp-COSY, (4)
Pppy =Py -siny. (5)
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AHanoriyHMM YMHOM po3Knagemo HopmarsrbHy cuny N Takox Ha OBi
CKnagosi — ropmsoHTarnbHy Ny i BepTukanbHy Nz i BUBHAYMMO iX 3HaYEHHS:
N, =N-sin(y +a), (6)
N, =N -cos(y + ). (7)
PiBHoginHa R cun T i Q nig 4yac nepemilleHHa HaciHUHK 3agHIM
KiHLIeM MO CTiHUi KOMIPYMHN BUKITUKAE cuny TepTa Fk, aKka gie no npamin
O-0 BigxuneHin Big oci Y' Ha KyT q:
F.=f R, (8)
ae: f — kyT TepTa HaCiHUHKM 06 CTiHKY KOMIpYMHN.
3 puc. 2 BMAOHO, WO npoekuito Fky cunm Fk Ha Bicb Y MOXHa
BU3HaAYMTU 32 OPMYJSIOHO:
F =F-cos(y +a), 9)
sika 3 BpaxyBaHHAM Bupasis (8) i (3) Habyae surnagy:

Fe Z%f 7w rel-gn-Ky - p-g-heysin’y +¢°cos’y . (10)

B3goex oci X pgie BigueHTpoBa cuna Pgyp, sIka Hamaraetbcs
BULUTOBXHYTW HACIHWUHY 3 KOMIPYMHMK, T NpoTuaie cuna nobosoro onopy,
siIka BU3HA4YaeTbCA 3a hopmyroto [5]:

pﬂ:PE:%ﬁ-rz-g-n-Kﬂ-p-g-h. (11)

Taknm YMHOM BCi CUNK, SKI Oit0Tb HA HACIHUHY MO OCSX KOOPAUHATHOI
cuctemm XYZ BU3HaYeHi, TO YMOBY piBHOBarnm CuUi MOXHa 3anucatmu
HaCTYMNHUM YMHOM:

> P(X)=0; —Py, +P;=0; > P(Y)=0; T+F —Ny+Py,=0;

> P(2)=0; P,,+Q-N,-G=0.
3 ypaxyBaHHSIM OCTaHHIX piBHSAHb Ta Bupasis (4), (5), (6) i (7) ymoBy
piBHOBarn cusi MOXHa 3anucaTtn y Burnagi CUCTeMmU TPbOX PIBHAHb:
—Pyy + P =0;

P, -Siny+T+F,, —N-sin(y +a)=0;
P, -C0sy+Q—N-cos(y+a)—-G=0.

[pyre piBHAHHA 4AaHOI CUCTEMW MOXHA 3anucaTu B TaKOMy BUMMSA;:
P.,-siny+T+F
N=-22" /4 Ky (11)
sin(y + @)
i nigctaBvMBLUM B TpeTe pPiBHAHHA 3amicTb N Bupas (1) npurigemo Ao
CUCTEMU 3 ABOMA PIBHAHHSAMM | OOHUM HEBIOOMMUM:

—Pyy + P =0;

PHP-cos;/+Q—G—P”P'S_'n7+T+FKY-cos(y+a):0.
sin(y + @)
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[MpupiBHIOKOYM MK COBOIO AaHi PIBHAHHA Micns AeAKUX CNPOLULEHb i
nepeTBOPEHb OTPUMAEMO PIBHAHHS:

PHP'[COSV_Siny’Ctg(7/+a)]+Q_G_(T+FKy)’Ctg(7/+a):_PBjﬂ
3 AKOro 3Hangemo, Lo

1
P = .
cosy —siny -ctg(y + &)

abo nigcrasmsLlK 3amictb T, Q, Fkx i Ps Bupasu (1), (2), (10) i (11) Ta
BpaxoBylouun Te, Wo Pgp = mw?R, a G = mg, nicns Aesikux CrnpoLLeHb
OTPUMAEMO 3amneXHICTb CUMN NPUCMOKTYBAHHA HACIHUHU OO0 KOMIpKU nig
yac il nepeMileHHs 3 HWKHBbOMO NOMOXEHHSA Y BEPXHE Bifl KOHCTPYKTUBHO-
TEXHOMOrYHNX MnapameTpiB BUCIBHOMO anapaTta 3 HaxWieHok BIiCCHo
obepTaHHs:

+ P,

[-P

B],ZZ+PE_Q+G+(T+FKY)'Ctg(7/+a)]

mg — ma’R +

1
+=-7-r-l-g-n-K,-p-g-hx
1 > 7 P9

COS}/—Sinj/-Ctg(j/+a).

P =

IIP

. (13)
r .
x[T—g-cos;/+[sm7/+ f-cos(y +a) x

x\/sin2y+ g>-cos’y]]-ctg(y + )

AHania oTpumMaHoro Bupasy nokasye, Lo curia NPUCMOKTYBaHHS
HaCIHWHM OO0 KOMIPKM BUCIBHOIO €fleMeHTa 3 HaXUIIeHOLo BicClo 0bepTaHHA
nig Yac 1l NnepeMileHHs 3 HWKHLOMO MOSNOXEHHS Y BEPXHE 3alneXuTb Bij
KOHCTPYKTMBHUX (Y, a, R) i TexHonoriyHmx (w, h) napameTpiB BMUCIBHOIO
enemMeHTa Ta qoisnko-mexaHiyHux (m, r, I, f, €, p) BNacTMBOCTEN HACIHHS.
ToMmy nig 4ac po3pobkM MHEBMATUYHWX  BUCIBHMX anapaTiB
LEeHTpanisaoBaHOro BWUCIBY HACIHHS 3 HaxuneHow Bicclo obepTaHHSA
BUCIBHOIO efieMeHTa BEMMYNHY CUITN MPUCMOKTYBaAHHS HACIHHSA 4O KOMIPOK
npusHadeHnx ana obcnyroByBaHHA MNPaBOCTOPOHHBLOI TPYMN  COLLHUKIB
ciBankm HeobOXiOHO BU3HaA4YaTM 3 BpaxyBaHHAM 3a3Ha4YeHUX SK
KOHCTPYKTMBHO-TEXHOSOMNYHNUX MapameTpiB BUCIBHOIO enemMeHTa, Tak i
Ji3NKO-MexaHiYHNX BNaCTUBOCTEN CAaMOro HaCiHHS.

BucHoBKkuM

Ha ocHoBi pesynbTaTtiB gocnigXeHb OTpMMaHO aHanituaHy (13)
3anexHiCTb CUNMU MPUCMOKTYBAHHS HACIHMHM O KOMIPYMHU BUCIBHOIO
enemMeHTa 3 HaxUNEeHoK BICCHO 0obepTaHHA nNig 4ac 1i NepemilleHHs 3
HWKHBOrO TMOJIOXKEHHA Y BEpPXHE BiO KOHCTPYKTUBHO-TEXHOJSTOMNYHUX
napameTpiB (y, a, R, w, h) BuciBHOro enemeHta Tta isanKo-MexaHiYHUX
Bnactmuesocten (m, r, I, f, €& pP) HaciHHA | Tl MOXHa 3acTocoByBaTu OO
NHEBMATUYHUX anapaTiB LeHTpasisoBaHOro BUCIBY [ONA BU3HAYEHHS
HeoOXigHOT CUNM NPUCMOKTYBaHHS HACiHHA OO0 KOMIPOK BWCIBHOMO
eneMeHTa, Lo nNpuaHa4veHi ans obcnyroByBaHHA NPaBOCTOPOHHBLOT rPynn
COLLHMKIB CiBasnkKu.
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Hanpamom noganblumx [ocniikeHb Moxe OyTn [OoChigKeHHS
3arieXXHOCTi CUNN MPUCMOKTYBAHHA HACIHUHM 00 KOMIPYMHU BUCIBHOIO
eneMeHTa 3 HaxuUNeHoK BICCO 0DepTaHHA Nig 4ac i NepeMilleHHs 3
BEPXHbOr0 MOJIOXKEHHA Y HWXHE, WO [acTb MOXIIMBICTb BU3HAYUTU
3HAYeHHS HeoOXiAHOT CUIM MPUCMOKTYBAHHSA HACIHHA 00 KOMIpOK
BUCIBHOIO ernieMeHTa nNpusHavdeHnx ansi o6cnyrosyBaHHS NiBOCTOPOHHbLOI
rPynn COLLHUKIB CiBasiku.
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ONPEOENEHUE CUNbl NPUCACBLIBAHUA CEMSAH K AYEUKE
BbICEBAILWENO 3NNEMEHTA C HAKNOHEHHOW OCbIO
BPALLEHUA, NMPU OABUWXEHUN BBEPX
H. C. LLeeduk, KO. J1. 'yHbKO, B. B. Tecnok

AHHOTaUuA. Cmambsi riocesiueHa uccriedosaHuro
rnHeeMamu4ecKo20 arnrnapama ueHmparnu3o8aHHO20 8bicega OUCKO8020
muria ¢ Hak/ToHeHHOU OCbH 8pallleHUs], ¥ Komopoz2o si4Yelku Oris ebicesa
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CEeMSIH pa3mMeuwleHbl KOHUEHMpPUYECKU Ha HUXHEM OCHogsaHuu oucka. lNpu
3MOM 3Ha4YeHuUe Cusbl rpucacbleaHusi CEMEHU K siHeliKke 8 KpaUHuX
moukax, fexauwux Ha 20pU3oHmarnbHoM duaMmempe OucKka 80 8PeEMS €20
OBUXKEHUS 110 Kpyay 8 M10CKOCMU HaKIoOHHOU nod yarioM K 20pU30HmMYy U3
HUXHE20 rOMI0XXEHUS 8 8epxHee U Haobopom, umMeem pa3Hoe 3Ha4YeHUe.

B cmambe npusedeHa cxema cur, Oelcmeyruwux Ha ceMms 8
MOMEHM ee O8UXKEHUS U3 HUXXHE20 MOJIOXEHUS 8 8EPXHEE U COCMAassieHO
ycrosue pasHogecusi amux cusn. Y13 cxembl 8UGHO, YMO rpu s8paujeHuuU
8bicesarolle20 3leMeHma Pe3Ko eo3pacmaem Hazpy3ka Ha 3al0HHH
morsKarwyrw CcmeHKy sf4elku nod OelcmeuemM KOmopoao Ccems
rnpuxxumaemcsi K CmeHKe si4elKu, 8 mo 8peMsi KakK rnepedHuUl Moxem
Haxooumabcs 6e3 Hazpy3Ku. B makom criydae 803HUKaem He ycmou4ueoe
rosioXXeHUe U repedHuUli KOHeuU ceMeHU omopeemcss om siyHeuku. B
pesynbmame 1nod 0asrieHueMm Opyaux CeMsiH OHO MOXXem ofIHOCMbH
omops8ambCs U 8bIMOIKambCs U3 s4elku. Ymobbl amo2o He rnpou3owsio
8 MHesMamu4ecKUX 8biCesaroUX arinapamax ceMeHa yoepxxuearomcs 8
f4yelikax 3a cyem Ccusibl rpucacbi8aHUsl.

Umobbl onpedenumes 3Ha4YeHUe cusbl rpucacbi8aHuUsi cemMeHa 8
KOMHamy, 08UXYUe20Cs U3 HUXHEe20 rOJI0XKEHUSI 8 8EpPXHeEeE, 8 cmambe
paccMompeHbl cxemy curs, delicmeyrouux Ha ceMs UMEHHO 8 amom
MOMEHM U cocmaerieH ycrioeue pasHosecusi amux cusn. Ha ocHose amoli
CXeMbl rosiydeHa aHasiumu4eckasi 3aeUcUMOCMb CUSbl rpucacki8aHusl
cemMsiH 00 si4eUKU 8bicesaroweao 31eMeHma C HaKIOHEHHOU OChHo
g8palleHUs, Kak 0m KOHCMPYKMUBHO-MEXHOI02UYECKUX rnapamempos (Y,
a, R, w, h) ebicesarowe2o anemeHma, mak U U3UKO-MeXaHU4YeCKUX
ceoticme (m, r, I, f, € p) camux cemsiH. [Nony4yeHHas 3asucumocmb
rosesosisem ornpedenums 3Ha4YeHUe curbl rpucacbieaHuss CeMsiH K
A4elikam rnpedHasHaqYyeHHbIX O obcryXKueaHusi MpasocmopoHHeU
epyrrbl COUHUKO8 CESITIKU.

KniouyeBble crnoBa: enicegarowuli 3a5ieMeHm, HaKJIoHeHHasi OCb,
siYelika, ceMsi, 3epHo80U cJioli, assieHue, 60Kosoe daasieHue, cuna,
n106080€e conpomuesieHuUe, mpeHue, npucacbieéaHue

DETERMINATION OF APPROXIMATION OF HANDLING
TO COMBINATION OF HIGH-PERFORMANCE ELEMENT
WITH RISKED VISION
M. S. Shvedik, Yu. L. Gun'ko, V. V. Teslyuk
Abstract. The article is timed to the study of pneumatic unit of
central-type seeding disk type with tilted axis of rotation, of which cells for
seeding are placed concentrically on bottom of disk. At the same time, the
value of force of suction of seed to cell in extreme points lying on horizontal
diameter of disk during its circular motion in plane inclined at angle to
horizon from lower position to upper and vice versa, has different
meanings.
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In article fragment of disk with collapsible and placed in it seed is
resulted. In this case, the center of cell and seed coincide and lie on
straight line which extends along the bottom surface of disk. Through the
joint center of seed and cell, the XYZ coordinate system was performed
and direction of forces was shown. In order to simplify the construction of
circuit, the X axis is directed perpendicular to drawing plane.

From the scheme it is clear from diagram that during the rotation of
seed element the pressure on rear pushing wall of cabinet is sharply
increased, under the action of which there is equal to magnitude but
opposite directed normal force N. This force for semispherical cage is
directed at angle a to perpendicular lowered to chord that pulls the finite
Clutter points. Since the rear end of seed is constantly pressed against the
wall of cell, while the front can be unloaded, in this case there is not stable
position and front end of seed will break away from cell. As result, under
pressure from other seeds, it can completely tear off and push itself out of
closet. In this case, the force weight G, acting down along the Z axis, also
tries to tear it off the collar. This is one of reasons that leads to seeding
the seed with pass. To prevent this from happening in pneumatic seeding
machines, the seeds are kept in cells due to suction force.

To determine the value of force of suction of seed to cell, moving
from lower position to upper, in article scheme of forces acting on seed at
that moment is considered and condition of equilibrium of these forces is
drawn up. On basis of this scheme, an analytical dependence of seed
suction force on seed cell with tilted axis of rotation is obtained, as from
structural and technological parameters (y, a, R, w, h) of seed element,
and physical and mechanical properties (m, r, I, f, €, p) of seed itself. The
obtained dependence makes it possible to determine the values of suction
force of seeds to cells intended for servicing right hand side of the drill bit.

Key words: seed element, inclined axis, cell, seed, grain layer,
pressure, lateral pressure, force, frontal resistance, friction, suction
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