AHOTALIIA

Huxepyii FO.C. OOrpyHTyBaHHsS MapaMeTpiB KaHATHOI CHUCTEMH Malux
CKJIQICBKUX TPHUMIIICHb AJS MEPEeMIIIEHHS! CITbChKOTOCHOIAPChKUX MPOAYKTIB Y
tapi. — KBamikariiina HaykoBa Ipaiis Ha IpaBax pyKOIIUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHS JAokTopa (imocodii 3a
cnemianbHicTio 133 «["anmy3eBe mammHoOyayBaHHs» (13 — MexaHiuHa iHXXEHEpis). —
TepHOMIBCHKUN HAIIOHANBHUN TEXHIYHMM yHIBepcuTeT 1MeH1 IBana I[lymros,
Tepuomine, 2021.

Hucepramiitna  poOoTa  HpUCBAYEHA  MIJBUIICHHIO  EKCIUTyaTallliHUX
MOKA3HUKIB KaHATHUX CHCTEM JJIsl 3aBaHTAXXCHHS MaJMX CKJIAJChKUX MPUMIIICHb
CUIBCBKOTOCTIOJAPCHbKUMU  MPOAYKTAMH Y Tapl MUIIAXOM PO3pOOJIEHHS HOBHX
KOHCTPYKI[IH MEXaHI13MiB Ta IX OKPEMHUX €JIEMEHTIB 3 OOTPYHTYBaHHSIM palliOHAIbHUX
napameTpis.

Po3pobnena kaHaTHa cucTeMa JIO3BOJISIE€ aJanTyBaTH ii JJIS 3aBaHTAKCHHS
OPOAYyKTaMU y Tapl MajuX CKIAJIChKUX MPUMIIIEHb, SKI 3MIHUJIM CBOE
dbyHKIIOHATBHE MIPU3HAYCHHS 1 MOXYTb 3a0€3MeunTu 30epiraHHs
CLIIBCHKOTOCTIONAPCHKOT MPOYKITIi, AKa BUPOULYETHCS bepmepchbKuMu
mignpueMcTBaMu. [lpu 11bOMy, TSI YHUKHEHHS HAJIKPUTHYHUX HaBaHTa)KCHb Ha
OOKOB1 CTIHM MPUMILIEHb, a TAKOX CYTTEBOTO 3HMKEHHS MOB3JOBXKHIX KOJUBaHb
paMHOT KOHCTPYKIIIi 3 BaHTaKaMH, sIKa TEPEMIIIAEThCS 32 JOTMOMOTO POJHKIB IO
MOXMJIO BCTAaHOBIEHUX KaHATaX, 3alpONOHOBAHO 3aCTOCOBYBAaTH MapajelbHO
PO3TaIlIOBaHI iX Mapu 13 3a0e3MeYCHHSIM OJHAKOBOTO 3YCHJIIS HATATY Ta BIAMOBIIHO
BEJIMYMHY MPOTUHY KAHATIB.

Kanatna cucrema 3abe3rneuye IiiaBHE MEPEMIIICHHS BaHTaXIB Bl 30HU iX
3aBaHTAXCHHS JI0 30HUM BUBAHTAXKEHHSA, a CaM TMPOIEC TajibMyBaHHS pamMHOL
KOHCTPYKIIli 32 JOMOMOTO0 MIANPYKUHEHUX BaXKENIB 1 MIJATUCKHUX POJIUKIB, SIKi
B3a€EMOJIIIOTh 3 HIDKHBOIO TTOBEPXHEIO KaHATIB, TaKOX BiAOyBaeThCs 0€3 Pi3KHX
JTUHAMIYHUX HABAaHTAXXCHb.

[le nmo3BOMsIE CYTTEBO 3HUBUTH TIOMIKOKEHHS CLIBCHKOTOCTIOAAPCHKOT

MPOYKIii (Harpukia sI0JIyK, TPYIII Ta 1H.) TIPU 3aBaHTaXXEHH1 HA 30€piraHHs.



[IpoBeneni TeopeTW4H1 AOCTIIHKEHHS Ta BUBEICHI AHAIITHYHI 3aJICKHOCTI
JTIO3BOJIMJIM BCTAHOBUTH, 1110 MPHU Pajlycl MATUCKHUX poiuKiB R = 45 MM Ta JOBXKUHI
BaxenB |, =400 MM pexkOMEHIOBaHMMH € TakKi MapaMeTpu: BiJCTaHb Bia OCI
IIAPHIPHOTO  KPIMJIEHHS BaXXeIiB 10 Oci o0epTaHHS OMOPHUX  POJHKIB
l,, = 450...525 MM, a BeTMUMHA KyTa pO3TAlIyBaHHsS OOKOBUH PaMHOI KOHCTPYKIIiT
y = 26°...34°, mo BIAMNOBIAE qiana30Hy MOYATKOBOTO 3HAYEHHS KyTa pO3TallyBaHHs
BaXKEJIS 10 TOPUBOHTY €, Bia 45° mo 75°.

[lpu npoMy, AN MaKCUMaldbHUX BeNWYMH €7 1 |y, 3HAUEHHS KyTa Haxwiry
KaHaTiB 0 TOPU3OHTY o 3pocTae Bix 2,7° mo 8,5°, Tobto y 3,15 pasis.

[IpoBenenuii aHami3 BUBEACHUX AHANITUYHUX 3aJCKHOCTEH I BU3HAUCHHS
napaMeTpiB B3a€MOJIIi POJUKIB HATSKHUX BAXETIB 3 HANPaBISIOUMMHU KaHAaTaMH
MOKa3aB, IO JOMIHYIOYMI BIUTMB Ha BEIUYUHY OOEpPTOBOTO MOMEHTY 71, Mae
AKOPCTKICTh IPYKUHHU.

30inbIIeHAST BiACTaHI |, TOYKM KpiIUICHHS TPYXWHU BIJHOCHO IIAPHIPHOTO
npoBepTanHsa Baxkens Bi 200 mo 400 MM puU3BOAUTH /10 3pPOCTAHHS BEJIMYUHU T, Y
1,4...1,42 pa3u npu pi3HUX 3HAYCHHSIX KyTa € 3MEHIICHHS aOCOJIOTHOI'O 3HA4YCHHS
xyTa ¢ Big 60° no 40° cpuumuse 3pocranns Bemmuuau 7, y 1,94...1,97 pasu npu
301abpienHi Bennuuai |, Big 200 1o 400 M.

[Toka3zaHo, 110 paniOHANIBHUI KyT HAXWUJTY KaHATIB 1O TOPU3OHTY AJI1 KOPOTKUX
KaHaTHUX Tpac 13 TIpaBITALIMHUM NEPEeMIIICHHSIM BaHTaXy CTaHOBUTH 5° - 15°
rpajlyciB.

JInsi KOpOTKMX KaHATHHUX Tpac 4Yepe3 HEe3HAuHy Bary KaHaTiB, MOPIBHSHO 13
Baroro IMiJBICHOI TuIaTopMu 3 BaHTAKEM, CKJIQJOBOI0 MPOTHHY BiJ] Baru KaHATIB
MOXKHA 3HEXTYBaTH, BIIMOBIIHO, 3 IMOXHOKOIW MeHIe 1% BITKM HaBaHTaXEHHS
MO>KHA alPOKCUMYBATH MPSMUMH JIHISIMH.

[TokazaHo, 110 30Ha rPaBITALIMHOTO PO3TOHY BaHTAXKY JJIS KOPOTKUX MOXHIIAX
Tpac NpPU PEKOMEHJOBAHMX JIOBKMHAX KAHATIB MEPEBUIIYE 30HY TIpaBITALIIHOTO
raJIbMYBaHHS 1 I PEKOMEH0BaHUX MapaMeTpiB 3aiimMae O1bI Hisk 60% Tpacwu.

[ToOynoBano AMHAMIUHY IMITAlliHY MOJETh KOHTAaKTHOI B3aeMOil sOJyK.
Mopenb 103BOJMIA MPOBECTH OOUMCIIOBAHUN E€KCIIEPUMEHT Ta BCTAHOBUTH 4Yac fi i

Obkyul cuim P KOHTakTHOI B3aeMoOfii B 3aJ€KHOCTI Bif (Hi3UKO-MEXaHIYHUX



XapaKTePUCTHK Ta KIHEMATUKH sIOJYK B 3aJIEKHOCTI BiJl TOYATKOBUX YMOB.

HapeneHo 3ajie)XHOCTI 3MIHU B 4aci CWJIM YJapHOT KOHTAaKTHOI B3a€MOJIT IS
s6myka miametpoM 80 MM 3 Moxaynem 3cyBy w1 = Gip=1,1 Mlla, xoedimienToM
ITyaccona v = 0,18 i3 3k0pcTKOIO cTambHOI nmosepxHero (Gy = 8,1-101° I1a, v =0,28)
JUTSI BUTIQJIKIB, KOJIM MTOYATKOBA MIBUAKICTh sI0JTyKa B MOMEHT KOHTaKTY 3MiHIOBAIaCh
Bim vo=0,2wm/c no vo=14wm/c. Ilpu mpomy cmia B3aeMOAil 3pocTajia BiA
Po2 = 11,5 H tipu 4aci B3aemoii to, = 0,0088 c, no 97,0 H mpwm t; 4 = 0,0055 c.

Cuny ynapy MOXHa CYTTEBO 3MEHIIWTH JIMIIE TOMAl, KOJIM IUIONIaaKa
BUTOTOBJICHA 3 MaTepiany, IJis SKOTO0 MOAYJIb 3CYBY € MEHIIIHNI a00 PIBHUN MOIYJITIO
3CYBY SIOJIYK.

JI71st CyTT€BOTO 3MEHILIEHHS CHJIM KOHTAKTHOI B3aeMo/I1i P Ta 3011b11eHHs yacy
koHtakty t (monag 0,01 ¢) HeoOXxiHO, MO0 MOMYJb MPYKHOCTI IUIONIAAKUA OYB
3HAYHO MEHIIMM HIK MOAYJb MPYKHOCTI A01yK. KpuTnunumu 3HaueHHsIMU cvid P,
IpU SKIM HE MOPYIIYEThCS CTPYKTypa M’ AKOTI sI0JyKa sl TBEPAHMX COPTIB, €
Pmax = 80 H, nina m’saxux: 35-40 H.

Po3pob6eHa KOHCTPYKIlisSE KAaHATHOTO MEXaHI3My Ta HOTO €JEeMEHTIB, CIIOCOOH
pEeryJIIOBaHHS iX TapaMeTpiB, METOAWKA TMPOBEACHHS EKCICPUMECHTAIBHUX
JOCTIKEHb Ha 0a3l po3po0JIeHOT eKCIIEPUMEHTAIbHOI YCTAHOBKH ISl BU3HAYCHHS
3YCUJIb MPOBEPTAHHS BAXKEIIIB 3 POJIMKAMHM Ta MIATUCKAHHS KAHATIB B iX PI3HUX 30HAX
i3 3acTtocyBaHHSAM auHaMoMeTpa enekrpoHHoro wMapku JIE 0,5-0,5, mosBomwnm
3MIMCHUTH KOMIUIEKC EKCIIEPUMEHTAIBHUX JTOCIIIKEHb.

BcTaHOBIEHO 3alI€KHOCTI BEJIMYMHUA TPOTHMHY TPOCIB A, BiJ BEIUYUHU
BEPTUKAJILHOTO HABAaHTAXKCHHSI, IKE BU3HAYAETHCA 3 MacH M, MIPHUX BAHTAXIB JUIS
TPHOX 30H iX po3TamryBaHHA. MakcumainbHa BenuduHa A, Bix Jii M, 3HAXOIUTHCS B
cepeaHii yacTHHI Tpoca.

3a pe3yabTaTaMu JOCIHIIKEHb CUJIM BEPTUKAIHHOTO HABAHTAKCHHS BaXKess
MIDHUMHM BaHTa)KaMU BCTAaHOBJICHO, IO 3MIHA KpIIJIEHHS TPY>KUH B OTBOpax
IJIOCKMX IIACTHH 3 BIJICTAHHIO MiX IEPIIMM Ta CBOMHM IleHTpaMu piBHOIO 180 MM
MPU3BOJUTH IO 3pOCTaHHS ObKy4oi Aedopwmarii npyxunu y AL = 4,2 pa3u npu
F=123,75 H. Tlpu F> 125 H i miniManeHi#ii Bigctani |t =750 Mmm BigOyBaeThCs

MPOBEPTAHHS BaXKEId 3 POJIMKOM 1 JIaHUW MEXaHI3M BTpayae CBO€ (DyHKIIOHATbHE



MPU3HAYCHHS.

[Ipu npoBeaeHH1 OaraToPakTOPHOrO EKCIEPUMEHTY 3 BH3HA4YeHHs yacy 1
TPAHCHIOPTYBaHHS IITYYHUX BaHTaXIB (DaKTOpHE MOJie€ 3MIHHUX MapaMeTpiB Majo
Jiama3oHM: Maca M MTYYHUX BaHTaxiB: 35 <m < 95 (ke); KyT HaXWiIy o KaHATIB J0O
ropu3oHTy: 10 < a <15 (epao.); 3ycumns Hatsary N kanatis 2400 < N < 5000 (H).

[Ipu nocnimkeHH! BIUIMBY JIBOX 3MIHHUX HapaMeTpiB Ha 3Ha4YeHHS yacy T
TPAHCIIOPTYBAHHS CLIbCHKOTOCTIOAAPCHKUX MPOAYKTIB Y Tapi TPETbOMY HaJaBajH
¢dikcoBaHe cepeaHE 3HAYCHHS 3  BIAMOBIZHUMH  BeIMYMHU: M = 65 (k2);
a =15 (epao.); N = 5000 (H).

BcranoBneHo, 1o JOMiHYIOUM BIUTUB Ha MiHIMaIbHUIN yac T Mae KyT o, Jaji
Maca m Tta 3ycuuist HaTary N kaHaTiB. BapTo 3ayBakuTH, 110 Jiana3oH po301KHOCTI
3HA4Y€Hb BEJIMYUH T MpH 3MiHI BUIIE3a3HAYEHUX (DAKTOPIB € HEZHAYHUM 1 OJIN3BbKUM
10 5,7% nns (M / o) Ta 6,6 % mis (N / a).

HaykoBa HOBH3Ha OTpHUMaHUX pPE3YyJbTATIB IMOJSITa€ B TOMY, IO HAa OCHOBI
BUBEJICHUX aHAJITUYHUX 3aJKHOCTEM BIEpIIe OOIPYHTOBAHO palliOHANbHI
KOHCTPYKTUBHI MMapaMeTpu paMHOI KOHCTPYKINI MiJ Tapy 3 NpOJYKTaMu Ta KyTOBI
MOJIOKEHHS MIANPYKUHEHUX BaXXEIIB 3 POJIMKAMU, SIKI B3a€EMOMAIIOTH 3 HHXKHBOIO
MOBEPXHEI0 HAMPAaBIAIYMX KaHATIB JJig MpaBoi Ta JIBOI CTOPOHU PYyXOMHUX
€JIEMEHTIB paMHOT KOHCTPYKIIii BITHOCHO IIEHTPaJIbHOI BEPTUKAJIBHOI OCi, a TaKOX
KyTa pO3TallyBaHHs HaMpaBIsSIOYUX KaHATIB IO TOPU3OHTY.

BcranoBieHo cuiioBI mapamMeTpu MPH B3a€MOJIT POJIMKIB HATSDKHUX BAXKENIB 3
HaIpaBJIsSIOUMMH KAaHATAMHU TPU MNEPEMIIICHH] POJIMKOBOI pPaMHOI KOHCTPYKLII 3
BaHTa)KaMU y Tapi.

Brneprie 151 KOpOTKUX KaHATHUX CHUCTEM po3po0sieHa MOJIEINb TpaBiTaIliitHOTO
NEepPEeMIIICHHS] MiABIMIEHOTO0 BaHTAXy 13 BHU3HAYEHHSAM TIOTOYHUX MPOTUHIB
HABAHTAKCHUX KaHATIB, iX HATATY, KIHEMAaTUYHUX Ta CHEPrOCWJIOBHX IapameTpiB
TE€XHOJIOTIYHOTO MPOIIECY.

Po3po6iieno MaremMaTnyHy MOJENTHh YAapHOI B3aeMoii si0JyK MiX co00I0 Ta 3
poOOYMMH TOBEPXHSIMU Tapu TpH iX 30MpaHHI Ta TpaHCHOPTyBaHHI. B momeni 3
BUKOpPUCTaHHSAM Teopii ['epiia BU3HAUEHI HANpPYXEHHS Ta 1HINI ODLKyYl mapameTpu

yaapHoi B3aemofii Tin. OcoONMBICTIO MOJENI € BCTAaHOBJICHHS 3MIH BKa3aHUX



napaMeTpiB B 4aci, 10 JTO3BOJISIE MOJAENIOBATH MPOLEC B PEKUMI OOYUCITIOBAHOTO
excriepuMeHTy. HaBeneHO 3aiexHOCTI 3MiHM KOHTaKTHUX CHJI y 4Yacl, a TaKOX
NPUKJIAAN 3MIHUM KIHEMATHKU SI0JYK MPU MOYATKOBHX KYTOBUX Ta TaHTEHIUATbHUX
IIBUAKOCTSX.

Bnepmie  BCTaHOBIEHI ~ 3aKOHOMIPHOCTI ~ BIUIMBY  KOHCTPYKTHUBHHX,
KIHEMaTUYHUX 1 JMHAMIYHUX [apamMeTpiB po3poOJeHOi KaHATHOI CHUCTEMHU Ha SIKICTh
BUKOHAHHS TEXHOJIOTIYHOTO MPOIIECY.

[IpakTHyHe 3HAYEHHS OTPUMAaHUX PE3YJIbTATIB MOJATAE B pO3POOJIECHHI HOBUX
KOMIIOHYBaJbHUX CXEM Ta KOHCTPYKIIi KaHATHOI CHUCTeMH JUIs 3aBaHTaKEHHS
CUIBCHKOTOCTIOAPCHKUX MPOJYKTIB Y Malli CKJIAAChKI MPUMIIIEHHS Ta BCTAHOBJIECHO
iX palioHagbHI KOHCTPYKTUBHO-TEXHOJIOTIYHI TapaMETPH.

Po3po0sieH0 Ta BUTOTOBIIEHO EKCIEPUMEHTANbHY KOHCTPYKIIIO KaHAaTHOTO
MEXaHI3My Ta pamMHOi MiJBICKM 3 HEHTPAIbHUMH Ta MIATUCKHUMHU POJHKAMH, SIKI
3aKpIIUICH] HA MIANPYKUHEHUX BaXeNsAX, 1 JJIS 3aBaHTAXXEHHS MPOIYyKTaMU y Tapl
CKJIa/ICBKOTO MPUMIIIEHHS OCHOBHUMH MapaMH MapajiesibHO pO3TAlIOBaHUX KaHATIB 3
PETYJIIOBaHHAM IX KyTa HaXWJIy Ta 3yCUJUIS HATATY.

3anpomnoHoBaHi METOJWKH TPOBEICHHS EKCIEPUMEHTAIBHUX IOCTIIKEHb 3
BU3HAYCHHS BIUIMBY PETyJIbOBAHMX IMapaMETpiB MEXaHI3My Ta HOro €JIeMEHTIB 3
BUKOPUCTAaHHSM CTaHJAPTHOIO Ta PO3POOIEHOr0 00IaIHAHHS.

[ToOynoBaH1 piBHSIHHS perpecii, MOBEpXHI BIATYKY Ta JBOMIPHI IEPEPI3U Yacy
NEpPEeMIIIeHHsT IITYYHUX BaHTaXIB Yy CKJIAJCHKOMY TMPUMIIIEHHI BiJ KYyTIiB
po3TalryBaHHs KaHATIB 0 TOPU30HTY, MACH BaHTAXIB Ta 3yCHJUIS HATITY KaHATIB.

TexHiuHa HOBH3HA BHKOHAHUX PO3POOOK 3axuineHa 4-ma AeKIapaimiiiHUMU
naTeHTaMu Y KpaiHu Ha KOPUCHI MOJIETI.

OTprMaH1 HAayKOBI Ta MPAKTUYHI pe3yJbTaTH, METOAUKMA W pEeKOMEHalii, a
TaKOXX  CKCIEpUMEHTAJIbHUNA  KaHAaTHUW  MEXaHi3M i1 [epeMilleHHs
CUILCHKOTOCTIOAPChbKUX MPOAYKTIB Y Tapi B MajoOMy CKJIaJChbKOMY MPUMIIIEHHI
BripoBakeHo y TOB «Koinoc-2» (M. Tepeborist, TepHOMIbCHKOT 001aCTI).

OxpeMi pe3yibTaTH POoOOTH BIPOBAKCHO B HABYAIBHHM MPOIEC IMiITOTOBKH
(axiBLIB OCBITHbO-KBaJI(PIKALIMHOTO piBHA OakanaBp 3a chemiajgpHicTiO 133

«Tamy3eBe MammMHOOYAYBaHHs» JUIsl BUKIAMaHHS JAWCHUILTIHE «MexaHizaiis



30epiraHHsi CiIbLCHKOTOCTIOAAPCHKOI MPOAYKIII» Ta MIATOTOBKH (DaxiBLiIB OCBITHBO-
HAyKoBOro piBHA JoKTOp (inocodii 3a crmemanbHicTIoO 133 «[amysese
MaIuHOOYIyBaHHS» JJIsl BUKJIAJaHHA IUCHUILTIHM «OCHOBH B3a€MOJil poOOUYMX
OprasiB 3 poOOUYUM cepeoBUIEM» B TepHOMIIBCHKOMY HAI[lOHAILHOMY TEXHIYHOMY
yHiBepcuTeTi iMeHi [Bana ITymrosi.

KirouoBi cjoBa: mapaMeTpu KaHATHOI CHUCTEMH, HAMpPABIAIOYl KaHATH,
MPOTHH KaHATIB, paMHAa KOHCTPYKIIiSl, TApU POJUKIB, MIATUCKHUNA BaXijb, yJapHa
B3a€MOJIis SI0TYK, Tapa, Yac TPAHCIIOPTYBAaHHS MPOAYKIIii, CHJIa HATATY KaHATiB, Maca
BaHTaXIB, KyT HaxXwily KaHaTiB JI0 TOPH30HTY, EKCIIEPHUMEHTalbHa YyCTaHOBKA

KaHaTHOI'O MeXaHi3My.

ABSTRACT

Nykerui Y.S. Substantiation of rope system parameters of small warehouses for
agricultural products transportation in containers. — Qualification scientific paper as a
manuscript copyright.

Doctor of Philosophy thesis on specialism 133 «Industrial Engineering» (13 —
Mechanical Engineering). — Ternopil I. Puluj national technical university, Ternopil,
2021.

The thesis under discussion is devoted to the increase of rope system
performance for small warehouses loading with agricultural products in containers by
means of the development of new design of mechanisms and their separate parts
including the substantiation of the most efficient parameters.

The developed rope system makes possible its adaptation for loading by
products in containers in small warehouses which have changed their functional use
and can provide the storage of agricultural products grown by farmers. In this case
the pairs of rollers have been suggested to use in a parallel way and provide the same
stressing force and respectively the same value of ropes deflection to avoid excessive
loads on the warehouse side walls and also to provide the essential decrease of the
weighted framework longitudinal oscillations while it is moving on the ropes with the
help of rollers.

The rope system under consideration guarantees the smooth transportation of



products from their loading area to the unloading area, and the whole process of the
framework braking by means of spring-loaded levers and clamping rollers which
interact with the ropes lower surface is taking place without sharp dynamic
oscillations.

The system under discussion makes possible the considerable decrease of the
agricultural products damage (for example apples, pears etc.) under loading and
storing conditions.

The conducted theoretical investigation and obtained analytical dependencies
have proved that the following parameters can be recommended when the radius is
R =45 mm and the lever length l,., = 400 mm: distance from the levers hinging axis
to the supporting rollers axis of rotation Il =450...525 mm and the value of
framework sidepieces location angle y = 26°...34° which corresponds to the range of
initial value of the lever location angle in relation to horizon g, from 45° to 75°.

In this case, for maximum values €7 and Iz, the rope canting angle value a is
getting higher from 2,7° to 8,5°, i.e. 3,15 times higher.

The conducted analysis of the obtained analytical dependencies to determine
the parameters of tension levers rollers interaction with guide ropes has shown that
the spring tension has made the most important impact on the torque value 7.

The increase of distance li, of the spring fixing point relative to the lever
hinging from 200 to 400 mm has resulted in 1,4...1,42 times increase of value 7, at
different values of angle €. The decrease of the angle absolute value from 60° to 40°
has resulted in the 1,94...1,97 times increase of value 7, at increased value |, from
200 to 400 mm.

It is proved that the rational ropes canting angle for short rope routes with
gravity movement of cargo equals to 5° - 15°.

For short rope routes due to the small weight of ropes in comparison with the
hanging loaded platform weight the curve constituent caused by rope weight can be
neglected, respectively with the deviation less than 1% the loaded branches can be
approximated by straight lines.

It is shown that the area of cargo gravity acceleration for short sloping routes

under recommended rope length conditions has exceeded the gravity braking area and



it covers more than 60% of the whole route for the recommended parameters.

The constructed dynamic simulation model of apples contact interaction has
made possible to make a calculation experiment and determine the time ty and
travelling forces P of the contact interaction depending on the physical-mechanical
characteristics and apples kinematics relative to the initial conditions.

The temporal variations dependencies of impact contact interaction force for an
apple of 80 mm diameter with the shear modulus 1 = G; = 1,1 MPa, the Poisson
ratio v = 0,18 with rigid steel surface (G, = 8,1:10%° Pa, v = 0,28) have been presented
for the cases when the apple initial velocity at the contact moment varied from
Vo=0,2m/s to vo=1,4m/s. In this case the interaction force has increased from
Po, = 11,5 H at interaction time to, = 0,0088 s to 97,0 H at t; 4 = 0,0055 s.

Impact force can be considerably smaller only in case when the platform is
made of the material for which the shear modulus is less or the same as the shear
modulus of apples.

For the considerable decrease of contact interaction force P and increase the
contact time t (more than 0,01s) it’s necessary that the platform modulus of elasticity
will be by one-two order lower than the apples modulus of elasticity. The critical
values of force P when the apple flesh structure isn’t damaged for hard varieties are
the following Pmax = 80 H, for the soft ones - 35-40 H.

The rope mechanism and its members developed design, the ways of their
parameters adjustment, the technique of experimental research conducting based on
the developed experimental unit to determine the turning efforts of levers with rollers
and ropes pressing in different areas using the electronic force meter DE 0,5-0,5
made possible the conducting of a complex of experimental study.

The dependencies of ropes curve value 4, on the vertical load value found from
the mass of the measured cargo m, for three areas of their location have been
obtained. The maximum value 4, of the action m, has been found in the middle part
of the rope.

According to the results of the study of the lever vertical loading force with
precut cargo it has been found that the spring attachment change in the holes of flat

plates with the distance between the first and the seventh centers equals to 180 mm



resulted in the AL~=4,2 times increase of the current spring deflection at
F=123,75 H. At F> 125 H and minimal distance |t =750 mm the lever with the
roller turning has occurred and the mechanism under discussion has lost its functional
purpose.

The factor field of the variable parameters during the multifactor experiment
conducting aimed at determining time 7 in single-piece cargo transportation was
within the following range: mass m of single-piece cargo: 35 <m <95 (kg); ropes
angle of inclination relative to the horizon a: 10 <o <15 (deg.); tension effort N of
the ropes 2400 < N <5000 (H).

While studying the influence of two variable parameters on time 7' value
during the agricultural products transportation in containers the third one was given a
fixed average value with the following values: m=65(kg); o =15 (deg.);
N = 5000 (H).

Angle a, mass m, and tension force N of the ropes respectively have been
found to make the greatest impact on minimal time 7. It should be mentioned that the
range of values T varieties under above-mentioned factors change can be neglected
and it is close to 5,7% for (m / ) and 6,6 % for (N / o).

The scientific novelty of the obtained results is that the most efficient design
parameters of a framework as a container with products and angular positions of
spring-loaded levers with rollers interacting with the low surface of the guide ropes
for right and left sides of the framework moving members relative to the central
vertical axis and also to the guide ropes angle of location relative to the horizon have
been substantiated for the first time on the basis of the obtained analytical
dependencies.

The force parameters at tension levers rollers interaction with the guide ropes
have been determined at the moment of sharp braking of the roller framework with
the cargo in containers.

A model of suspended cargo gravity transportation has been developed for the
first time for short rope systems to determine the current curves of the loaded ropes,
their tension, kinematic and power-force parameters of the technological process

under discussion.



The mathematical model of apples impact interaction among themselves and
with containers working surfaces under their harvesting and transportation conditions
has been developed. The stresses and other traveling parameters of impact interaction
of bodies have been determined in the model under study using the theory of Hertz.
The specific feature of the model is the determination of the specified temporal
variations enabling the process simulation in the mode of a calculation experiment.
The dependencies of contact forces temporal variations and also the examples of
apples kinematic variation at initial angular and tangential velocities have been given.

The influence pattern of design, kinematic and dynamic parameters of the
developed rope system under discussion on the manufacturing process quality has
been determined for the first time.

The practical value of the obtained results has involved both the development
of new lay-out schemes and a rope system design for agricultural products loading in
small warehouses and the determination of their most efficient design-technological
parameters.

An experimental design of a rope mechanism and a frame suspension with the
central and pressing rollers fixed on the spring loaded levers has been developed and
manufactured for the warehouse loading with the products in containers when the
main pairs of the ropes are located in a parallel way and their sloping angle and
tension efforts can be adjusted.

The techniques of experimental study conducting to determine the influence of
the mechanism under discussion and its components adjusted parameters using the
standard and developed equipment have been proposed.

The regression equations, response surfaces and two-dimensional cross-
sections of packaged cargo transportation time in warehouses dependence on rope
canting angle, cargo weight and rope tensile force have been constructed.

The technical innovation of the developed design has been defended by the 4
declaration utility model patents of Ukraine.

The obtained scientific and practical results, techniques and recommendations,
and also the experimental rope mechanism for agricultural products transportation in

containers in a small warehouse have been implemented in LLC «Kolos-2»



(Terebovlya town, Ternopil region).

Some results of the paper under discussion have been introduced in the
educational process of Bachelor educational-qualification level specialists training in
specialty 133 «Industrial Engineering» to teach the subject «Mechanization of storage
of agricultural products» and training of specialists of educational and scientific level,
Doctor of Philosophy, specialty 133 «Industrial Engineering» for teaching the subject
«Fundamentals of interaction of working bodies with the working environment» in
the Ternopil 1. Puluj national technical university.

Key words: rope system parameters, guide ropes, rope curve, framed
structure, pairs of rollers, clamping lever, apples impact interaction, container, time
of products transportation, funicular force, cargo weight, rope canting angle,

experimental unit of rope mechanism.



