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Abstract: Method of calculation radius of bending for the
flexible screw sectional conveyer was presented. Analytical
dependencies for finding maximal turning radius in order to
provide the reliable operation of the mechanism were
defined. The stand construction for investigation of the
angle of twist of the sectional operating members was
developed. The effect of different construction parameters
(section length, diameter) on their operating life characteristics
as well as the comparative testing of different types screw
operating members (SOM) samples, were found. The
method of the construction production effectiveness testing
of the flexible screw conveyer sections operating
members, which provides the minimal radius of bending of
the transporting routes, was presented.

Key words : screw operating member (SOM), transportation,
minimum radius of bending, angle of twist

INTRODUCTION

In modern agricultural mechanical engineering, elevating-
transporting and other vehicles screw transporting-technological
systems (STTS), the principle operating members of which
are flexible screw mechanisms, are of great importance, high
requirement being those for the reliability and durability of
these mechanisms operation, providing high engineering-
economic indices and low expenditures for operation and
maintenance of the agricultural machine. Determination of the
acceptable and maximal, from the point of view of the
mechanism operation reliability in whole, radia of the
operating member bending is of importance while using
flexible screw conveyer sectional operating member.

The objective of the work is to develop the method for finding
the radius of bending for the sectional operating member in
order to provide its operational and technological parameters.

In many works develop main principles of construction
and modeling screw conveyors, such as P. W. Cleary, Hu
G., Zareiforoush. [1-4]. The papers by A.M. Grygoriev,
S.M. Mykhailov, K.D. Vaschagin, B.M. Gevko, R.M.
Rogatynsky, O. O.Trufanov, H. German, M.l. Pylypets,
etc., are devoted to the theoretical interpreting of the
flexible screw transshipment mechanisms operation, methods
of calculation of their basic parameters, development of
advanced constructions of such means of bulk materials
mechanized transporting along the curved routes. In other
works authors [5-11].

Analysis of key principles in the design of flexible screw
conveyers (FSC) testifies that the single point of view on
the essence of the phenomena observed during operation
of such means of mechanization is not available. Special
attention in the analysis of the previous investigations is
paid to those papers, in which the problem of the choose
of operating members parameters and the processes of
transporting grain, granular fertilizers, etc., are analysed,
as the problem of the bulk materials damage has not been
studied enough yet.

MATERIAL AND METHOD
Stand for investigation of the STTS sectional
operating members angle of twist is presented in Fig. 1.
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Pe3tome: HasedeHo memoduKy pospaxyHKy padiyca 32uHy
2HYYKO20 28UHIMOB020 KOHBeEPa 3 CEeKUiUIHUMU efleMeHma.
BueedeHo aHanimuyHi 3anexHocmi Ond  8U3HaYeHHs
onmumaribHo20 3HayeHHs1 padiyca Moeopomy 3 Memoro
3abesnedyeHHs1 HaliliHoI pobomu mexaHismy. PospobrieHa
KOHcmpyKuis cmeHO Onsi OoCiO)eHHs Kyma 3aKpyqye8aHHs
CeKuiliHux pobo4yux opeaHie i 8CMaHO8/IEHO 818 PIi3HUX
KOHCMPYKMuBHUX rapamempie (GoexuHa cekuii, diamemp)
Ha X pecypcCHi xapakmepucmuKu, a MmakoX rOpPIGHSbHI
sunpobysaHHs1 pi3HUX murnie docnidHux 8sipuie [PO.
HasedeHa memoOuKy eidnpayrosaHHsi poboyux opeaHie
2HYYKUX 28UHMOBUX CEKUIli KOHBEEPI8 Ha MEXHOO02iYHICMb
KOHCmpyKuii, sika 3abesneydye MiHiManbHUl padiyc 32uHy
mpacu mpaHcropmyeaHHs .

Key words: esuHmosut poboyuli opa2aH, mpaHCropmyeaHHs,
MiHiManbHul padiyc 32uHy, Kym 3aKpy4y8aHHSsI

NEPEOQYMOBA

B cyuyacHomy cinbcbkorocnogapcbkoMmy MalumMHOOyayBaHHI,
NigHIManbHO-TPAHCMOPTHUX Ta IHLUMX MalUMHAX 3Ha4yHe Micue
3a1MatoTb MBUHTOBI TPAHCNIOPTHO-TexHonoriYHi cuctemm (M TC),
B SKMX OCHOBHMMMW PODOYMMU OpraHaMu € THyYKi LUHEKOBI
mMexaHiamu. [lpy  LpOMy BWCOKi BMMOIM CTaBRATLCA [0
HafiiHOCTI Ta LOBroBIYHOCTI POOOTY AaHMX MexaHi3MIB nopsig i3
3a0e3neYeHHsIM BUCOKMX TEXHIKO-eKOHOMIYHMX MOKa3HUKIB Ta
HM3LKNX BATPAT Ha ekcriryaTaLjto Ta PEMOHT CirlbCbKOrOCTIOAapCHKON
MawwuHW. [pn BUMKOPUCTaHHI THYYKUX FBUHTOBUX KOHBEEPIB 3
CeKUiHMM  poboYMM  OpraHoM BaXKMBUM €  BM3HAYEHHSI
OONyCTUMUX Ta ONTUManbHKX, 3 TOUKM 30pY HagiiHOCTI po6oTK
MexaHi3my B Linomy, pagiycis 3ruHy pobo4oro opraHy.

MeTolo poboTM € pO3pOBNEHHS METOAMKA BU3HAYEHHS
pagiyca 3MMHy CeKUiiHOro poGo4voro opraHy 3 YMOBOHO
3abe3rneyYeHHs1 10ro ekcrinyaTtaviviHi Ta TeXHOMOrYHI napamMeTpu.

B 6Garatbox poboTax po3rnsaatoTbCH OCHOBHI MPUHLIMMM
KOHCTPYIOBaHHS Ta MOAErNoBaHs NBUHTOBMX KOHBEEPIB, a came
M.B. Knepi, I. Xoto, . 3apendopyc [1-4]. ¥ pobortax [MT.A.
MpeobpaxeHcbkoro, A.M. puropbesa, C.M. Muxannosa, K.I.
BawariHa, 5.M. leeka, P.M. PoratuHcekoro, O.O. TpydaHoBa,
X. F'epmana, M.I. Mununus Ta iHWi NpUCBAYEHHI TEOPETUYHOMY
OOIPYHTYBaHHI MPOLIECY POBOTU MHYHK/X MBAHTOBVX NEPEBAHTAKYBArTbHVX
MexaHi3MiB, METOOMK pO3paxyHKy ix Ga3oBMx napameTpis,
pO3pO6KM  MPOrPECUMBHMX  KOHCTPYKLM Takux 3acobis
MeXaHi30BaHOro TPaHCMOPTYBAHHS CUMKUX Martepianis no
KpVBOMIiHIMHMX Tpacax. Y poboTax iHwmx aBTopis [5-11].

AHani3a OCHOBHMX MOMOXeHb Y MPOEKTYBaHHI THYYKNX
rBuHToBMX KoHBeepiB (ITK) cBiguMTb npo  BiOCYTHICTb
OOHO3HAYHOrO MOMMSAAY Pi3HMX aBTOPIB Ha CyTb SABMLL, LLO
crocTepiraoTbCa nig Yac poboTh Takux 3acobiB MexaHisallii.
B aHanisi BigoMmx gocnigkeHb 0coOnmBy yBary 3BEpPHYTO Ha
Ti NniTepaTypHi oKeperna, siki BUCBITNIONTb MUTAHHSA BUOOpPY
napameTpie pobouMx opraHiB i NpoLeCiB TpaHCMOPTYBaHHS
3€pHOBUX, FPaHynboOBaHUX MiHepanbHUX OO6pUB Ta iHLIMX
mMaTepianiB, OCKINbkM nNpoGrnemMa MOLUKOMKEHHS  CUMKMX
BaHTaXIB Ha TENEPILLHIl Yac 3anmLaeTbCsl BiAKPUTOLO.

MATEPIAIN | METOOUKA
CreHp Ans OOCNIIKEHHS KyTa 3aKpyvyBaHHS CEKUiMHUX
poboumx opraHiB MTC 300paxkeHo Ha puc.l. BiH cknagaetbes 3
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It consists of the body1, to which the stick 2 is mounted
rigidly and on which operating member 3 is fixed, which
is freely set in the U-shaped box. The box is fixed on
the base 5 with supporting elements 6. Free end of the
sectional operating member is inserted into the holder
hole 7, on the right end of which the nonius scale is
made. In order to investigate different length operating
members the holder is located on the guides, which
make possible to change its position. On the free end of
the operating member, which overhands from the holder
hole, the bush with the arrow 10, which has the ability of angle
displacement while screw tightening, and calibrated
level 12, the size of which is determined by the loading
capacity of the operating member, is fixed rigidly.
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Kopnyca 1, 10 SIKOro XXOpPCTKO MPYKPIMIEHO CTOSK 2, Ha SIKOMY
3aKPINMIOETLCA POOOUMI OpraH 3, sIKWIA BiflbHO BCTAHOBIEHWI
B U-nopi6Homy kopobi 4. Kopob kpinuTbcs Ha nigcTtaBui 5 3
ONOpHUMWN enemMeHTaMn 6, a BiflbHUM KiHELb CEeKLiNHOro
po6o4oro opraHy BCTaHOBMIOETHCA B OTBIp LITATMBY 7, Ha
SIKOMY 3 NPaBOro TOPLIA BUKOHaHa HOHiyCHa LUkana 9 3 noginkamu.
3 meTol AocnigXeHHs poboumx opraHiB PisHOT OOBXWHK
LWTaTUB PO3MILLEHNA Y HanpaBnsloumx, WO [03BONSATb
3MiHIOBaTW MOro nonoxeHHs. Ha BinbHW kiHeub po6oyoro
opraHy, SKWA BWCTynae 3 OTBOpY LUTATUBY, >XOPCTKO
BCTa@HOBIIOKOTb BTYNKY 3i CTpinkoto 10, WO Mae MOXIUBICTb
KYTOBOTO MEPEMILLEHHS MPU 3aKpyvyBaHHI LUHEKA, @ TaKoX
TapyBanbHWM Baxinb 12, BenuuMHa $KOro BM3HAYAETLCA
HaBaHTa)yBarbHO 30aTHICTIO poboYoro opraHa.
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Fig. 1 — Stand for investigation of the sectional operating members angle of twist /
CmeH0 0nsi docridxeHHs Kyma 3aKkpydy8aHHs1 CeKUIUHUX poboyux opaaHis.

Rigidity of the screw operating member as well as the
SOM sectional elements wear is found according to the
angle of twist value.

To find the screw spirals torsion rigidity, the curvature
radius effect on the spirals operation reliability, to
determine the most dangerous areas in the SOM
constructions elements under overloading, experimental
stand presented in Fig. 2 was used. It is designed for
static, dynamic and operating life testing and comparative
estimation of different construction parameters operating
member's structures. The stand consists of the frame 7,
on which the generator 1 (d.c. engine 4M®112L BE04) is
mounted on the turning plate 3, which is bolted by the
screw joints 2 and 4 to the guiding channel 6. The guiding
channel is fixed to the frame 7 and its fitting in the given
position is provided by the bolt joint 5. Besides, the stand
is provided with the three-phase induction asynchronous
motor 10 (AMP90L4Y3), which is mounted on the
displaceable plate. Investigated SOM 8 is fixed on the
motor output shafts 1 and 10 by means of either the
flanged joints or the flanged joints and the safety clutch 9.
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3a BEMUUMHOK  KyTa  3aKpydyBaHHA  BM3HA4aloTb
YKOPCTKICTb MBUHTOBOrO pobo4oro opraHy Ta BENUYMHY 3HOCY
enemeHTiB cekuin MPO.

3 MeTOl BU3HAYEHHS1 KPYTUIBHOI XOPCTKOCTI BUHTOBUX
cripanew, BrinvBy pagjycy KpMBMHW Ha HadiHICTL poboTv criipanei,
BUSIBMEHHS HanGinbLL HeHe3neyHMX 30H B KOHCTPYKLISX erneMeHTiB
MPO npu nepeBaHTaXKeHHsIX, BUKOPVCTOBYBABCS EXCTIEPUMEHTArTbHAA
CTeHn, Sk 300paXkeHo Ha puyc. 2. BiH NprsHaueHnin ans CTatmyHnX,
OVHAMIYHMX | peCYpCHMX BUMPOOYBaHb Ta MOPIBHANBHOI OLHKM
KOHCTPYKLIiA pOBOYMX OpraHiB 3 Pi3HAMM  KOHCTPYKTUBHUMM
napametpamu. CTeHa CKNafaeTbes 3 pamm 7, Ha ki 3aKpirneHnin
reHepatop 1 (aBuryH nocrinHoro ctpymy 4rN®1121BE04) Ha
NOBOPOTHIM NnuTi 3, sika 3a AOMNOMOroH0 nNapy 6oNToBKX 3'eaHaHb
2 i 4 KpinUTbCA A0 Hanpaensa4yoro weenepa 6. Hanpasnstounii
LuBenep 3akpinneHu 4o pamu 7, a voro dikcalisi B 3aaaHomy
nonoxeHHi 3abesnevyeTbca GONTOBMM 3'€gHaHHAM 5. Takox
CTeHO, MICTUTb TPbOX(Pa3HWA aCHHXPOHHOTO EneKTPOABUIYH
(AMP90L4Y3) 10, siKuiA 3aKPIMIIEHO Ha MEPEeCcyBHIN MnnTI.
JocnipxyBaHUA BUHTOBWI pobounii opraH 8 3a OOMOMOroH
dnaHueBux 3'egHaHb i 3anobikHOI MydT 9 BCTAHOBIMEHWI Ha
BMXiOHWX Banax enektpoasuryHis 1 i 10.

Fig. 2 - Stand for investigations of the screw spirals tortion rigidity / CmeH0 0r1s1 docriOXXeHHs1 KpymuribHOI XOpCmKOoCcmi 28UHMO8UX criipanel
a) scheme / cxema; b) general view / 3azanbHuli guassid
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Investigations of the screw spirals torsion rigidity, taking
advantage of this stand, are carried out as follows. The
investigated object 8 is placed on the generator 1 and
motor 10 shafts and the necessary spiral curvature radius
is set with the help of the displaceable plate. As the motor
can be displaced in the longitudinal and transversal
directions different length and configuration spirals can be
tested on this stand. Then is run follows PC connection to
the power supply source (Fig. 2) and software PowerSuit
for tuning of Altivar 7.1 series transformers frequency.
Frequency of the motor rotation was controlled
automatically from 0 till 1460 rev/min. Besides, smooth and
sharp starting and reversing were performed, if needed.
The generator (d.c. motor 4rN®112L.B604) worked as the
brake, which was operating with the separate excitation to
make the required loading on the investigated object
possible. That is why the current comes from the stabilize
to the (laboratory automatic transformer), where its
regulation (U-const) to the required value (I=0..4A) is
carried out and then through the rectifier (diode bridge) it is
transferred to the generator stator excitation winding.
Accordingly the excitation winding current changes the
generator loading current (resultant generator magnetic
field) and, thus, the generator consumption power is
changed. Exact data on the rotation frequency on the
motor shaft (error within £ 1,5 %) is recorded, taking
advantage of the motor shaft rotation frequency meter
(E40S6-10Z4-6L-5), which is connected to the motor rotor.

Since operation characteristics of any elevator flexible
operating member are determined by the radius of its
bending, this parameter specifies the level of the
production effectiveness of such transporting member. The
value of the radius of bending is to be known while their
designing for the loads transporting along the curvilinear
routes, the designer being able to provide required
technological capabilities of the device and purposefulness
of its application. To find this parameter one should follow
the calculation scheme presented in Fig. 3.

The value of bending of the screw operating member
under absolute rigidity according to the required linear
sizes is equal to its general linear length. According to the
calculation scheme the relation between the bending
length and the screw element radius is:

The radius of bending can be expressed by the distance
between the device bended operating member ends due to
L parameter. According to the calculation scheme the
radius of bending equals [9]:

R.,=

" 2 &ing |

where L — linear distance between the screw elements
ends; a — angle of bending of the screw element sections.

bend
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JocnimKeHHs KpYTUNBbHOI XXOPCTKOCTI NBUHTOBKX Criipanen
3 BUKOPUCTaHHAM CTeHAY MPOBOAATLCS HACTYMHUM YMHOM.
LocnigHnin o6’ekT 8 nomiwaroTe Ha Banax reHepaTtopa 1 i
enektpoasuryHa 10 i 3a [JOMNOMOrow nNepecyBHOI NNUTU
3MJNCHIOTL HeobXigHe BCTAHOBIEHHSI PafiyCcy KpUBM3HU
cnipani. Y 38's13Ky i3 MOXIMBICTIO 3HAYHOMO 3MILLIEHHS eNeKTpoaBuryHa
y nonepevyHoMy Ta MOB3AOBXHbOMY HanpsiMi Ha QaHoMy
CTeHOi MOXHa BMMpoGOBYBaTU Cripari Pi3HOMaHITHOI JOBXUHM i
KoHdpirypauin. [ani npoBognTbCs MigKMIOYEHHST 40 eneKTpoMepex
MK (puc.2) Ta 3sanyckaetbca nporpama PowerSuite ans
HanalTyBaHHA MepeTBoptoBaYiB 4Yactotn cepii Altivar 7.1.
UacTora 06epTaHHs ENexTpoaB yHa peryrioanach B aBTOMATU30BaHOMY
pexxuvi Big 0 ao 1460 o6/xe. Takoxk npy noTpebi BUKOPHCTOBYBaNCL
rnriaeHi i piski Myck Ta peBepcyBaHHs. [eHepaTop (OBWryH NOCTIAHOMO
ctpymy 4rNd1121 BEO4) BrikoHyBaB poGoTy ranbMa, ik npaLioBaB
3 Hesanex v 30ymKeHHAM Orisi MOXIMBOCTI CTBOPEHHST HeoGXiaHOMo
HaBaHTaXkeHHs1 Ha JocnigHoMmy ob'ekTi. Tomy i3 cTabinizatopa
cTpym noctynae Ha JIATP, ge npoBoaMTLCH MOro peryrioBaHHA
(U-const) po HeobxigHoi BenuumHu (I = 0.4A), a gani yepes
BUNPSMIAY (QiogHWA MICT) MOAaeTbCs Ha OOMOTKY 30ymKeHHs
cratopa reHepartopa. BignosigHo cTpymoM 06MOTKM
30YyAKEeHHS1 3MIHIOETLCA CTPYM HaBaHTaXEHHs1 reHepaTopa
(pe3ynbTylode MmarHiTHe morne reHeparopa) i, TMM CaMuM,
3MIHIOETLCSA CMOXMBaHa MOTYXHICTb reHepartopa. TOu4Hi
OaHi npo yacTtoTy obepTaHHsi Ha Bany ABuUryHa (noxubka y
Mexax +1,5%) gikcytoTbCsl 3a JOMOMOroH JaBaya 4acToTm
obepTtaHHa Bana pgsuryHa (E40S6-10Z4-6L-5), skun
NigKNIOYEeHo 40 poTopa ABUTYHA.

Ockinbkn  ekcrnyatauiiHi - xapakTepucTukn  Oyab-sikoro
rHy4koro pobo4oro opraHy TpaHcrnopTepa BU3HAYaOTbCS
Moro pagiycom 3ruHy, To JaHui napameTp BM3Ha4ae i piBeHb
TEXHOIONYHOCTi TaKoro TPaHCMOPTYOYOro opraHy. 3HayeHHs
pagiyca 3ruHy HeobxigHe ons Toro, Wwob nNpu iX NPOeKTyBaHHi
3 KPUBOMIHIMHMMK  Tpacamy MEPEMILLEHHS  BaHTaxiB,
3MillyBadiB, MPOEKTAHT Mir  3abe3neuntn  BiOMOBIAHI
TEXHOMOrIYHI MOXIMBOCTI NPUCTPOK Ta M AOUNBHICTL 1Oro
3acTocyBaHHsi. [Insi BU3HAYEHHS BULLEe 3ragaHoro napameTtpa
3BEPHEMOCH 0 PO3paxyHKOBOI CXeMU HaBedeHoI Ha puc. 3.

BenuunHa 3rvHy rBMHTOBOrO poboyoro ernemeHTa, 3a
ymoBM abCOMIOTHOI KOPCTKOCTI MO BiAMOBIAHWUX MiHIMHUX
po3mipax, piBHa WMOro 3aranbHill MiHiVHIA SOBXWHI. 3rigHO
pO3paxyHKOBOI CXeMM CMiBBIgHOLLEHHS MK JOBXUHOIO 3MVHY i
paziycom rBMHTOBOIO efleMeHTa:

2alljﬂbenci (1)
180
Pagiyc 3rMHy MOXHa BUpasuTu 4vepes BiACTaHb MiX
KiHUAMW  BUrHyTOro  pobo4yoro  opraHy  MpUCTPOIO

napameTtpom L. 3rigHO po3paxyHKOBOI cXxemu pagiyc 3ruHy
piBHUI [9]:

= @

ne L — niHiHa BigcTaHb MiX KiHLISSIMW IBUHTOBOIO eNeMeHTa; d -
KYT 3rMHY KyT 3rMHY CEeKLUill FBUHTOBOrO efieMeHTa.

Roend

Ho

6)

Fig. 3 - Calculation scheme for finding the radius of bending for the elevator flexible screw member /
PospaxyHKkosa cxema 01151 su3HaqyeHHs1 padiyca 32UHy eHy4KO020 28UHIMOB020 efleMeHma mpaHcrnopmepa:.
a) bending rout along the radius / 3zuHHa mpaca ro padiycy; b) bending rout along the curve / 3suHHa mpaca o Kpusiti
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Having substituted the values of equality (2) in the
dependence (1), the value of the elevator screw operating
member bending length will be obtained:

[SB:INI- TEH 2013

MigcTaBMBLUM 3HAYEHHS PIiBHOCTI (2) B 3anexHicTtb (1),

oTpumMmaemo 3Ha4YeHHA AOOBXWUHU 3rnMHy BUHTOBOIO
poboyoro opraHy TpaHcrnopTepa:
ta all
= (3

| = - =,
*180sina sina

In the case of two bending paths, the radius of bending
is worthy being determined from the dependence:

_ LGina
P Altosa

The length of bending (linear length of the screw
operating member) is found from the dependence:

Y BMNagKy ABOX TpaekTopin BurMHy (puc. 3 6), paaiyc
3rMHY JOUINbHO BM3HAYaTH 3 3aNeXHOCTi:

= 0250 Oga . (4)

[oBXu1HY BUMMHY (NiHiMHa OOBXMHA Po6G0OYOro rBUHTOBOMO
efleMeHTa) BU3Ha4YaeTbCs 3 3aMneXHOCTi:

l,..a = O5L Oga Ur2a . (5)

However, such important parameter as the angle of
bending of the elevator sections a is still unknown. To find
this parameter and the dependence of the angle of
bending of the flexible screw operating member on the
other structural parameters, one should take advantage of
the calculation scheme presented in Fig. 4. Thus, to find
the analytical dependencies, which are used to calculate
the angle of bending of one section relatively the other
one, we should consider A abc, according to which [9]:

where: Dg — outside diameter of the elevator sections bushes;
dg — diameter of the joint rolls,
s — thickness of bushes
B — width of bushes.

MpoTe 3anuLIaeTbCa HEBIOOMMM TaKVN BaXKNMBUIA MapameTp,
AK KyT 3rMHy CeKuiyi TpaHcnopTepa o. [Ans BCTaHOBMEHHS
JaHoro napameTpa, a TaKOX 3anexHOCTi pagiyca 3ruHy
rHYy4Koro rBMHTOBOro poGo4yoro opraHy TpaHcrnopTepa Bif
iHLUMX KOHCTPYKTMBHMUX MapameTpiB, 3BEepHEMOCb [0
pOo3paxyHKOBOI CxemMu, NpeAcTtaBneHoi Ha puc. 4. Tak, ons
BCTaHOBIIEHHS aHAMITUYHKX 3arEXHOCTEN, SIKi BUKOPVICTOBYHOTHCS
ONs po3paxyHKy KyTa 3rMHy cekuin ogHiel BigHOCHO ApYrof,
posrnsiHemo A abc ,3rigHo sikoro [9]:
23' ©)

ne Dg — 30BHiLUHIM giaMeTp BTYNOK CEKLi TpaHcnopTepa;
dg — giameTp 3'€QHYOUNX BamNKKIB;
S — TOBLLMHA BTYIOK;
B — wwnpwuHa BTYnOK.

o

Fig. 4 - Calculation scheme for finding the minimal radius of bending for the screw sectional operating members elevator /
PospaxyHkosa cxema 01151 8UsHa4YeHHs1 MiHiMaribHO20 padiyca 32uHy mpaHcropmepa 3 28UHMO8UMU CEKUIUHUMU pOboYUMU erleMeHmamu

To find the angle of bending let us consider A omn.
According to the calculation scheme, presented in Fig. 4,
the radius of bending Rbend will equal:

[na BM3HaveHHs pagiyca 3rvHy po3rnsHemMo A omn.
3rigHO po3paxyHKOBOI Cxemu, npeacTaBneHoi Ha puc. 4
pagiyc 3ruHy R3I 6yae piBHWIA:

R.,=on=——. @

According to the calculation scheme the value mn equals:

3rigHoO po3paxyHKOBOI CXeMW BENUYMHA MN piBHA:

mn=1,/2+B+A+B/2, 8)

where |g — distance between the bushes in one section;
A — gap between the adjacent sections.

e lg — BigcTaHi Mixk BTynkamu B OOHIN CeKLii;
A — 3a30p MiX CycCigHIMK ceKuisMu.
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Taking into account equations (6) and (8), the
dependence (7), which determines the minimal radius of
bending of the sectional elements elevator operating
members, will look like:

15B+I_ +A
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3 BpaxyBaHHsAM piBHOCTen (6) i (8) 3anexHicTb (7), ska
BM3HA4Ya€ MiHiManbHUA pagiyc 3rMHy pobo4oro opraHy
TpaHcnopTepa 3 CeKuilHuMu enemeHTtamu, Gyge matu
BUMSAA:

Ruend =

RESULTS AND DISCUSSION

Special stand equipment was used for the operating
life testing of the strain-strength characteristics of the
flexible sectional SOM (Fig. 2). At the beginning of the
operating life testing measuring of the angle twist of the
sectional SOM with the hinged joint (Fig 9, a) and safety
joint (Fig. 9, b) on the stand for testing the angle of twisting
of sectional SOM were carried out. The next stage was
operating life testing (under loading) on the stand for
investigation of the strain-strength characteristics of the
screw spirals (Fig. 6). After preliminary found equal periods
of time (10 hours) repeated measuring of the angle of
twisting of the sectional SOM on the stand were carried out
to investigate the angle of twisting of sectional SOM. In
Fig. 5 graphic dependencies of the radius of bending value
change of the screw conveyer on the construction
parameters of the sectional elements, are presented.
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[ns pocnimkeHHs aedhopMaLinHO-CUITOBUX XapaKTEPUCTUK
rHydknx cekuimiux PO npu BunpoByBaHHi Ha pecypc
BMKOPWCTOBYBanochb creujanbHe CcTeHgoBe obnagHaHHA
(puc.2). Ha nouatky pecypcHux BunpobyBaHb MPOBOAUNUCH
3amipy KyTa 3akpydyBaHHs cekuiiHux PO 3 wapHipHUM
3'egHaHHAM (p1c. 9.a) Ta 3anobbkHMM 3'eaHaHHsM (puc. 9.6)
Ha CTeHAi Ana OOCNIMDKEHHSA KyTa 3akpyyvyyBaHHS CEKLUinHMX
PO. HactynHum etanom 6yno npoBedeHHS pPecypCHUX
BUNPOOYBaHb (Mig HABaHTaXXEHHSIM) Ha CTeHAi Ans AOCNmMKEHHS
nedopmauiiHO-CUNOBUX XapaKTEPUCTUK NIBUHTOBUX chipanen
(puc. 6). lMicna Hanepen BCTaAHOBMEHUX PIBHWMX MPOMIKKIB
yacy (10 roa.) NpoBoaMNMCL NMOBTOPHI 3aMipy KyTa 3akpydyBaHHSI
cekuiiHux MPO Ha cTeHai Ans OOCMImMKEHHS KyTa 3aKpy4yBaHHSI
cekuinHmx MPO. Ha puc.5 HaBeaeHo rpadoivHi 3anexHOCTi
3MiHWM BenuuuHW papgiyca 3ruHy TBUHTOBOrO KOHBEEpa Bif,
KOHCTPYKTMBHMX NapamMeTpiB CEKUiNHMUX eneMeHTIB.
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Fig. 5 - Graphical dependences of the radius of bending value change of the screw conveyer on the construction parameters of the
sectional elements / pagiyHi 3anexHocmi 3miHU 8enu4uHuU padiyca 32UuHy 28UHMOBO20 KOHBeEPa 8i0 KOHCIMPYKMUBHUX rnapamempie
CeKUilIHUX enemeHmie

According to the embodiment of the working body of the
ratio between the angular velocities master and slave
sections for a full rotation will be:

w

2

_ cosgretg(D, ~d, -2s)/B

BianoBigHO A0 KOHCTPYKTUBHOIO BWMKOHAHHS po6oyoro
opraHy CniBBiAHOLIEHHA MK KYTOBMMW  LUBUOKOCTAMMU
BeAy4ol i BeAeHOI CeKLUiin 3a NoBHU 06epT cknagatume:

(10)

2]

Analyzing the obtained graphical dependencies (Fig. 5)
of the flexible screw conveyer radius of bending change on
the construction parameters of the operating members
sections, one can conclude, that the thickness of the bush
S together with the width of the bushes B is of sufficient
affect on this value. Thus, when the value S is increased
within 3..11 mm and B equals 10; 15; 20; 25; 30 mm under
constant value Dg=60mm; dg=45mm; lg=50mm; A=10mm,
the radius of curvature increases within 41,4...125,5 mm
and 95,1...531,6 mm, that is, in 3,2...5,8 times. Thus,
sufficient limitation of the device technological capabilities
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1-sin’(D, —d, —2s)/B

AHanizytoun oTpumaHi rpadiyHi 3anexHocTi (puc. 5) 3miHn
pagiyca  3rvHY  THY4KOrO  BMHTOBOTO  KOHBEEpa  Bif,
KOHCTPYKTMBHMX MNapameTpiB Cekuil pobounx enemeHTis,
MOXHa 3pO0MTM BUCHOBOK, LLIO BU3HAYanbHWA BNNB Ha AaHy
BEMUYMHY Ma€ TOBLUMHA BTYNMKW S Y MOEAHAHHI 3 LUMPUHOK
BTYNok B. Tak npu 36inbLuUeHi 3Ha4YeHHs s B Mexax 3..11 mm i B
=10; 15; 20; 25; 30 MM npwW MOCTINHMX 3HAYeHHsIX Dg = 60 MMm;
ds = 45 mm; Ig = 50 Mm; A = 10 MM BigOyBaeTbCA 36iNbLUEHHS
pagiyca BUrMHy B mexax 41,4...125,5 mm i 95.1..531,6 mm abo
Xy 3,2.5,8 pasun. TobTo, BinOyBaceTbCA 3HAYHE OOMEXEHHS
TEXHOMOMYHMX MOXIMBOCTEN NPUCTPOLO, OCKINbKU pafiyc 3ruHy
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occurs, as the radius of bending must be minimal. Under
similar data of these construction parameters, but while
changing the gap size between the adjacent sections A
within 4...12 mm, the radius of bending varies within
76,3..314,1; 90,4.336,5 mm. According to the
investigations the device with the less width of the bush
sections will be more production effective, as under similar
productivity and operating life time of operation will take
less manufacturing areas.

As the result of the carried out investigations it was
found, that the angle of twist for the sectional SOM with the
hinged and safety joints (SOM length L=2m) did not
exceed 90° Before the operating life testing the angle of
twist for the investigated sectional SOM did not exceed
3,20. At the initial stage of the operating life testing (after
10 hours of operation) the angle of twist for both sectional
SOM has increased sharply, which can be caused by the
wearing out of some screw construction elements. Further
its increase was slowed down and stabilization was
observed.

In Fig. 6 dependencies of the sectional SOM angle of
twist on the operating time are presented (turn diameter —
96 mm, section length — 130 mm, SOM length — 2 m,
loading on SOM — 12 Hm, frequency of rotation — 426
rev/min under radius of bending — Rpend = min and under
the straight SOM — Rpeng = 0).
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noBuHeH OyTM MiHiManbHUM. [pyM aHanoriyHMX 3HaAYEHHSX
[aHUX KOHCTPYKTUBHUX NapameTpiB, ane npy 3miHi BenMUMH1
3a3opy Mk cycigHimMm cekuisimm A B Mexax 4...12 mm
KOMUBAHHS YM1CIOBOrO 3HAa4YEHHS pajjyca 3rvHy 3HaxoauTbCs B
Mexax 76,3..314,1; 90,4..336,5 mM. 3rigHo AocnimkeHb, 6inbLu
TeXHonoriyHMM BOyae NpuUcTpii 3 MEHLLOK LUMPUHOK BTYIOK
CeKUi, OCKINMbKM MNPV OOHAKOBUX MOKa3HWMKax MPOAYKTUBHOCTI
Ta pecypcy HanpauioBaHHa 6yde notpebysatv nig 4ac
ekcnnyarauii MeHLUNX BUPOOHMYMX NOLLL.

Y pesynbTarTi npoBeaeHnx  OocnigkKeHb oyno
BCTa@HOBJIEHO, LLO KYT 3aKpyvyBaHHsl Ansi cekuinHux MPO 3
LWapHipH1M Ta 3anobikHum 3'egHaHHaM (goxunHa MPO L =
2 M) He nepesuwyBaB 90. MNepen noyaTtkoM MNpPoBeOEHHSA
pecypcHux  BuNpobyBaHb  KyT  3aKkpyyyBaHHA  And
pocnigpkyBaHnx cekuiiinx MPO He nepesuwysaB 3,20. Ha
noyaTKoBil cTagii pecypcHux BunpobyeaHb (nicns 10 roanH
ekcnnyaTauii) KyT 3akpydyBaHHA Ans obox cekuinHux PO
pi3Ko 3pocTaB, L0 MOXHA MOSICHUTU NPUTUPAHHSIM OKPEMUX
€NeMeHTIB KOHCTPYKLiN LIHeKiB, a gani cnocTepiranocb
YMOBINbHEHHST MOro pocTy i cTabinizauis.

Ha puc. 6 npefcrtasneHi 3anexHOCTi KyTa 3akpyyyBaHHS
cekuinHmx MPO Big Yacy ekcnnyartadii (giameTp BuTka — 96
MM; JOBXWHa cekuii — 130 mm; goBxuHa PO — 2 wM;
HaBaHTaxeHHs Ha PO — 12 Hm; yactota obepTaHHa — 426
06/xB npwu pagiyci 3rnHy — Rx=min Ta npu npsmomy PO —

Ry =0.)
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Fig. 6 - Dependence of the sectional SOM angle of twist on the operating time /
BanexHicmb Kyma 3akpydyeaHHs cekyitiHux PO 8id yacy ekcrimyamauii:
1 — with the hinged joint under Ryeng = mMin / 3 wapHipHum 3'€dHaHHsM npu Rs.=min; 2 — with the safety joint under Rpeng = Min / 3 3anobixHum
3e0HaHHsM ripu Rs.=min; 3 — with the hinged joint under Ryeng = 0 / 3 wapHipHum 3'e€dHaHHAM ripu R;. = 0; 4; 4 — with the safety joint under Ryeng = 0/
3 WapHIpHUM 3 €OHaHHAM rpu Rz, = 0; 4 - 3 3arnobiXKHUM 3 €OHaHHAM rpu Rz, = 0

Angular acceleration of the master section for a uniform
rotation of the slave unit is expressed by relation:

KyToBe MpucKopeHHs BeAy4oi cekuil npu piBHOMIpHOMY
obepTaHHi BEAEHOI NTaHKN BUPAXXAETbCS 3aNEXHICTHO:

sinz(arctg%fzs)coserctgm)sinm
prmd w-sir (2o 7% "2 5irp gy -
Accordingly, coefficient of irregularity rotation of the BignosigHo KoediuieHT HepiBHOMIpHOCTI o6epTaHHA
slave section: Be[EeHOI CeKLil:
k= tg(arctg(w»sin(arctg(%)) . (12)

Torque at an intermediate section is determined from
the relationship:

KpyTHWIA MOMEHT Ha NPOMIXHIA CeKuii BM3Ha4alTb 3
3anexHocTi:

n.c.

where T — torque that acts on slave section.

As a result was built graphical dependence (Fig. 7, Fig.
8) in analysis of which we can conclude that they are close
to the straight line of law distribution.

T = T\/1+tgz(arctg(w» cosa,

(13)

ge T - MOMEHT, WO die Ha Beay4y CekLito.

3a pesynbtatammy nobygoBaHo rpadyiyHi  3anexHOCTi
(puc.7, puc. 8) 3 aHanisy sikux MOXHa 3pobuTn BUCHOBOK,
LLIO BOHW HabnmKatoTbCA 40 NPAMONIHIMHOIO 3aKOHY pO3roairny.
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Fig. 7 - The dependence of the torque T from the angle of
twisting @working unit for one section: 1 - =100 mm, 2 - | = 130 mm/
BanexHicmb KpymHo20 mMomeHmy T 8i0 Kyma 3akpydyeaHHs
8 poboyozo opeaHy 0ns 0dHiei cekyii: 1— 1 = 100 mm,
2-1=130 mm

20

As seen from (Fig. 7 and Fig. 8.) that the increase the
length of the section naturally leads to a proportional
increase in the maximum angle of twist and hinge joint
almost have no effect on the amount of strain, as its
stiffness is much higher than the stiffness of the section.
Found that maximum torque Tmax that results to a
breakdown the section of working unit is much larger than
the torque required for handling bulk cargo by designed
working unit at maximum working height of handling and
minimal radius of curvature of pipeline.

Basing on the presented calculations screw sectional
elements operating members were designed and
manufactured, which are presented in Fig. 9. The results of
the carried out investigations testify that the period of
running-in in the idle regime of the sectional SOM must be
carried out in order to provide the fitting of some
construction elements, which should be followed by the
maintenance inspection.

The developed models of the sectional elements screw
elevator operating member can be widely applied in the
food processing branches of industry, agriculture, as well
as in technological processes of mechanized loading of
mineral fertilizers, seeds and grains due to the improved
technological capabilities while decreasing the radius of its
bending and raising reliability as the result of the improved
construction.
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Fig. 8 - The dependence of the torque T from the angle of twisting
@working unit for two section: 1 - 1=100 mm, 2 - | =130 mm /
BanexHicmb kpymHozo momeHmy T 8i0 Kyma 3aKkpydyeaHHs1 6

poboyoeo opzaHy 0nsi d8ox cekyit: 1 — 1 =100 mm, 2 — | = 130 mm

Ak BuaHo 3 (pyc. 7 i puc. 8.) , Wo npu 30inblUeHi AOBXWUHM
CexLi MPMPQAHLO BEAE A0 MPOMOPLIMHON 30iMbLLIEHHS MaKoMarisHOM
KyTa 3aKpy4dyBaHHsl, a LUAPHIpHE 3'€4HaHHS NPaKTUYHO He
BNMMBaE Ha BenuuuHy aedopmalii, Tak SK MOro >XOPCTKICTb
HabaraTo BuLLa BiJ >XOPCTKOCTi caMoi cekLyji.. BctaHoBMneHo, Lo
MaKCUManbHUA KPYTHUA MOMEHT Tmax, KM MpU3BOOUTL 00
3namy cekuji poboyoro opraHa 3Ha4yHO OiMbLUMIA HK KPYTHWIA
MOMEHT, HeODXiOHUA ONS NepeBaHTaXKEHHS CUMKUX BaHTaXIB
po3pobneHnM pobouM OpraHoM MpU MakCMMaribHI BUCOTI
nepeBaHTaXXeHHs Ta MiHiMarbHOMY paaiyci KpUBMHW MaricTpanni.

Ha ocHoBi BuLLIE HaBedeHUX po3paxyHKIB CNPOEKTOBaHO Ta
BMFOTOBINIEHO TIBMHTOBI  pobOYi  opraHM 3  CeKkUinHUMMK
enemMeHTamu, ki 300paxeHo Ha puc.9. Pesynbtatn
nposefeHux BuUnNpobyBaHb CBigYaTh, WO Ans cekuinHnx MPO
HeoOXigHO MPOBOAMTM LMK OBKaTKM Yy XONOCTOMY PEeXuMi 3
METOI 3a0e3rneyeHHst MPUTUPAHHA OKPEMMX €ENEeMEHTIB iX
KOHCTPYKLIii, @ TakoX MiCNs LbOro NpoBOAUTU TEXHIYHWIA Ornsa.

PospobrneHi mogeni  rBuHTOBOrO  pobo4oro  opraHy
TpaHcnopTepa 3 CEKUiiHUMUN eneMeHTaMy MOXXe MaTu LUMPOKE

BUMKOPUCTaHHA Yy  rany3sax xapyoBoi Ta  nepepobHoi
NPOMUCIIOBOCTEN, CiMbCbKOTO rOCMOAApPCTBa, a TakoX Y
TEXHOMOMYHUX  MPOLECax MEXaHI30BaHOMO  3aBaHTaXKEHHSI

MiHepanbHux OobpvB, HaciHEBOro Martepiany Ta 3ibpaHux
3EPHOBUX KynbTyp 3aBOSKM  PO3LUMPEHUM  TEXHOMOMYHUM
MOXIMBOCTAM 32 paxyHOK 3MEHLLUEHHS pafjyca Woro 3ruHy i
NiABMLLIEHIN HAAIMHOCTI 3aBAsIKM BAOCKOHAMNEHIN KOHCTPYKLT.

LW

)\ £ U

Fig. 9 - Sectional screw operating members with / CexkuitiHi 28uHmMosi poboyi opaaHu 3: a

a) hinged joints / wapHipHUM 3'€¢OHaHHsM; b) safety joints / 3anobixHuM 3'€dHaHHAM
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CONCLUSIONS

1. Construction stand for investigation of the sectional
operating members angle of twist has been developed.
Dangerous radii of the spiral curvature and critical
loadings, which cause the SOM fracture, have been found.
The effect of different construction parameters (section
length and diameter) on their operating life characteristics,
has been determined. Comparative testing of different
types SOM samples, have been carried out.

2. Basing on the carried out investigations analytical
dependencies for finding the radius of bending of the
sectional flexible screw conveyer, depending on the
sections construction parameters, have been derived.

3. Graphical dependencies of the change of radius of
bending value of the sectional operating member on the
sectional elements construction parameters have been
found. The change of the minimal radius bending is
affected by the turn thickness comparatively with its width,
the angle of bending for the sectional SOM with hinged
and safety joints (SOM length = 2m) does not exceed 90°
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BUCHOBKU

1. Po3pobneHa KOHCTPyKUiS CTeHAd ANst OOCNIOXEHHS KyTa
3aKpYyyBaHHS CEKLIIHMX POBO4MX OpraHiB i B MpoLeci AoChimKeHb
Ha [aHOMy CTeHAi BUSBNANM HebesneuyHi pagiycy KpMBU3HM
cnipanen i KpUTUYHI HaBaHTaXKEHHS, SKi CIPUYNHSIOTE PYNHYBAHHS
PO, BCTaHOBMIOBarM BB Pi3HNX KOHCTPYKTUBHMX NapameTpiB
(noBxwuHa cekuji, AiamMeTp) Ha iX peCypCHi XxapakTepucTuku, a
TaKoX NPOBOAWNU MOPIBHAMNBHI BUNPOBYBaHHA Pi3HUX TUMIB
pocnigHux B3ipuis MPO.

2. Ha ocHoBi npuBeaeHnx JOCniMKeHb BUBEAEHO aHaniTUYHi
3anexXHOCTi AN BM3HAYeHHs pagiyca 3rMHYy CeKUiMHOro
rHYy4KOro  IBMHTOBOTO KOHBEEpaA B  3aNeXHOCTi  Bif
KOHCTPYKTUBHMX NapameTpiB CEeKLil.

3. BcraHoBneHo rpacdpivHi  3anexHoCTi 3MiHW  BENUYMHU
pagiyca 3rvHy rBMHTOBOrO CeKLIHOro poboyoro opraHy Bif
KOHCTPYKTUBHMX NapameTpiB CeKLiNHMX enemeHTiB. Ha 3miHy
MiHIManbHOro pafjyca 3rvHy BrnvMBaE TOBLUMHA BTYNKWA B
NOPIBHSAHHI 3 1T LUMPUHOLO | KyT 3aKpydyBaHHSA ANs CEKUIMHUX
PO 3 wapHipHUM Ta 3anobikHMM 3'€AHaHHAM (OOBXUHA
PO L = 2 m) He nepeBuwyBas 90.
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