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Abstract: The design of the roller flax pulling mechanism
is proposed, in order to eliminate the shortcomings of
existing designs, and obtain dependence to justify its
basic structural and kinematic parameters. The
dependence of the change of stem moving along the
working area of the roller flax pulling mechanism is
obtained.
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INTRODUCTION

Flax harvesting units (flax combines, flax pullers)
preferably have the belt pulling mechanisms. Pulling
mechanisms in such design cause length of flax band,
which is the result of considerable nipping width of the
pulling sections. Belt pullers have a complex design and
drive, as well as significant dimensions.

Inventors and scientists proposed design of units for
the flax pullers [1-5], which work on different principles.
However, most design solutions for various reasons have
not been achieved. So, now the pressing issue is the
development of the design of the unit for the flax puller to
eliminate possible shortcomings of existing design,
provide high-quality implementation process of flax

pulling.

MATERIALS AND METHODS

Theoretical research is carried out using the methods
of theoretical mechanics, theory of mechanisms and
machines, mathematical modeling. Modeling of roller flax
pulling mechanism with spiral groove was performed
using software MathCAD.

RESULTS

For pulling of flax it is proposed to install the roller
flax pulling mechanisms on harvesting unit (flax
combine, flax pullers) (Fig. 1) [2]. Each pulling
mechanism contains a pair of rollers with rubberized
surface, one of which is made with spiral groove and
the other roller being smooth. Rollers have the
possibility to rotate towards one another in a direction
which is shown in Fig. 1. From the side, the entrance of
the stems into the gap between the rollers is equipped
with a conical tip. The horizontal axis of roller rotation is
parallel to the direction in which the roller unit is moving.
Rollers of adjacent sections are located between the
stem dividers. From dividers to the cross conveyor over
the rollers and along the conveyor, at two levels the
guide in the vertical plane is foreseen, which location
forms a channel to move stems in the unit.

While driving the puller in the field, the dividers share
the stems of flax and send them to the pulling sections of
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Pe3rome: 3arnpornoHosaHo 8asibUb0o8ull ribOHObpanbHUl
anapam, wo ycysae HedOosliKU ICHYIOYUX KOHCMPYKUU,
ma ompumati 3anexHocmi 0nsi obrpyHmyeaHHs1 (1020
KOHCMPYKMUSHUX |  KiHemMamuyHux  napamempis.
OmpumaHo 3anexHicme 3MiHU weudkocmi cmeben
83008 poboYOi 30HU 8anbUyb08020 J1bOHObPabHO20
anapama.

Knro4oei cnoea: s5boH, r1bOHOKOMOaAUH, 8arnbubosul
bpanbHuli  anapam, cmpidka JIbOHY, KOHCMPYKUis,
e2s8uHmosuli nas, napamempu

NMEPEOYMOBA

JIboHO36MpankHi arperat (kombanHu, NboHOBpankm)
nepeBaHo MaloTb nacoBi OpanbHi anapatu. AnapaTu
TaKol KOHCTPYKLi CNPUYMHSAIOTL PO3TArHYTICTL cTeben y
CTPpiLi, WO 3YMOBMEHa 3HaYyHOW LUMPUHOIO 3axBaTy
OpanbHKX CeKLiN, a TaKoX MalTb CKNagHy KOHCTPYKLHO i
npuBOA Ta 3HayHi rabaputHi po3mipu.

BuHaxigHvkamy  Ta  HayKOBUSAMW  3anpOmnoOHOBaHI
KOHCTPYKUii  nboHOOpanbHux  anapatiB  [1-5],  sKi
npautoloTb 3a pisHuM npuHumMnom. OpaHak GinbLicTb
KOHCTPYKTMBHUX pilleHb He 6yno peanisoBaHo Ha
npaktuui. ToMy, y AaHMN 4ac akTyanbHUM MUTAHHSAM €
po3pobKka KOHCTPyKUii OpanbHOro anapata, ska 6
[03BONUNA YCYHYTU HEOOMiKN iCHYIOUMX KOHCTPYKLIA Ta
3abesneymna sikicHe BUKOHaHHSA npoliecy 6paHHsi NboHy.

MATEPIAINA TA METOOWKU

TeopeTuyHi [OCNIAKEHHS I'PYHTYIOTBCS Ha
NOJSIOXKEHHAX TEOPETUYHOI MexXaHiku, Teopii MexaHiamiB i
MalUMH, MaTeMaTU4yHOro MopentoBaHHA. MoaentoBaHHS
BasbLs 3 rBUHTOBUM Na3oM MPOBOAMIIOCS 3a JOMOMOIOH
nporpamHoro 3abesneveHHs MathCAD.

PE3YIIbTATU

[Ona ©GpaHHA NbOHY MpPOMOHYETLCS Ha 30uUpanbHOMY
arperarti (kombaliH, NboHOOpanka) BCTaHOBMOBATW BaribLbOBi
OpanbHi anapatu (puc.1) [2]. KoxHa GpanbHa cekuis anapara
MICTUTb Napy BarbLjiB 3 MPOryMOBaHOIK MOBEPXHED, OAVH 3
AKMX BUKOHAHO 3 IBMHTOBMM MasoM, a Apyrui Baneub
BUKOHAHO rnagkuMm. Banbli BUWKOHaHI 3  MOXIMBICTIO
obepTaHHa Ha3ycTpi4 OAMH OOHOMY B HaMpsiMKy, LUO
nokasaHo Ha puc.1. 3i CTOpoHM BXoaeHHs cteben y 3a3op
MK BanbLUSMWU BOHU MaroTb KOHYCOMOAiOHI HaKOHEYHWKW.
lopu3oHTanbHi  oci  obepTaHHA BanbuiB  nNapanesnbHi
HanpsMKy pyxy arperata. Banbuj cycigHix 6panbHux cekuin
po3millleHi Mk noginbHukamu. Big noginbHWKIB - 80
MonepeYyHoro TpaHCcropTepa Had BanbUsMK, a TakoX
B3[0BX TpaHcropTepa nepenbaveHi cnpsiMoByBaYi Ha ABOX
PiBHSX Y BEPTUKAsbHIA NMOLWMHI, SIKi CBOIM PO3MILLEHHSM
YTBOPHOKOTL KaHan Ans nepeMillieHHsi creben anapatom.

Mig yac pyxy arperata nonem noAinbHUKX HanpaensATb
ctebna y GpanbHi cekuii. Y cekuii ctebna HakoHe4HKamu
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the roller flax pulling mechanism. In the pulling section, CNPSIMOBYHOTLCA Y 3a30p Mk BarnbLammn. Ctebna nonagatoTs y
the stems are moved into the gaps between the rollers. rBUHTOBWIA Na3 BarbLUs i B pe3ynbTaTi 00epTaHHsi BasbLiB
Flax stems fall into spiral groove and as result of rotation Ha3yCTpi4 OAWH OQHOMY BUTANYIOTLCA 3 IPYHTY, NEpeMILLiaoumch
of the rollers towards each other; they are extracted from O[HOYaCHO BBepX i B3OOBX BanbLiB Yy HanpsMKy OO0
the soil. The upper part of the stems moves through the rnonepeyvHoro TpaHcnopTepa. BepxHs 4yacTuHa creben

channel formed by guides on two levels in the vertical pyXaeTbCs KaHanoM, yTBOpeHUM CrpsiMoByBayaMun Ha ABOX
plane, eliminating the possibility of winding up on the PIBHSAX Y BEPTUKAanbHI/ MIOLWHI, L0 YyCyBa€E MOXIMUBICTb
working surface of the machine and damages. X HAMOTYBaHHS Ha PoBOYi NOBEPXHI | MOLLIKOOKEHHS.
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Fig. 1 - Roller flax puller / Banbyposuti 6pansHuli anapam
1 —roller with spiral groove / saneup 3 e28uHmosum nasom; 2 — smooth roller / 2nadkuti eaneuyp; 3 — drive shaft / npusodHul easn; 4 — casing / KOxyx; 5 —
cone-shaped lugs / koHyconodibHi HakoHe4yHuKu; 6 — dividers / nodinbHuku; 7 — brush / wjimku; 8 — cross conveyor / nonepeyHutli mpa+cropmep; 9 — steering
plates / cnpsimosytoyi nnacmuru; 10 — steering path / cnpsimosyroya dopixka; 11 — guides / cnpsimosysaui

To take the flax stems with the roller pulling o6 Bigbynoca GpaHHa cTteben NbOHY BanbLbOBUM
mechanism of the proposed design without the formation OpanbHMM anapaTtom 3anpornoHOBaHOI KOHCTPYKLii 6e3
of congestion in the working zone of rollers, they need to YTBOPEHHA 3aTopiB y poboui 30Hi BanbLiB, HEOOXiAHO
be moved along the working area of rollers faster than wob crebna nepemiwanmuca B3AOBX pPobBOYOI  30HM
puller moves through the field. The value of the angular BanbLiB LWBMALIE, HK 30upanbHWA arperaTt pyxaeTbcs
speed of rotation of rollers can be determined from the nonem. 3HayeHHs KyTOBOI LUBMAKOCTI 06epTaHHS BanbLiB

condition: MOXHa BU3HaAYUTN 3 YMOBU:

w=27VIp, (1)
where: V — the puller speed in the field, m/s; p — the ae: V — wBuakicTb nepemillleHHst arperaTa rnonem, Mm/c;
step of the spiral groove of rollers, m. P — KpOK rBMHTOBOrO nasa BanbLs, M.

The length of working zone of rollers in the pulling JoexunHy pobo4oi 30HM BanbuiB BGpanbHOro anapata
mechanism must be taken with condition that: HeobXigHO NpuMaTh 3 yMOBU:

I <I<l .. )
where: | . — the minimum length of the working area of pe: |, — MmiHiManbHa poBxuHa poboyoi 30HM Banblig,
rollers that is needed to extract the stem root I, from the Lo HeobXiAHa ANs BUTSTYBaHHSA 3 'PYHTY KOPEHs NMbOHY

po, _pl,
soil (Fig. 2), 1 —P# _Ph @, — the angle of posxutHoto 1, (puc.2), |, = 5 : =2—1, M, @ — KyT
"™ 2r 2 z e
rotation for the roller at which the flax root will be NOBOPOTY Barnbls 3a AKOMO 3 FPYHTY OyAe BMTAMHYTO
extracted from the soil, rad.; r — radius of the roller, m; KOpiHb, pad.; I — paaiyc Bansus, m; |, — MakcumansHa
I... — the maximum permissible length of the working [0BXWHa POBOYOI 30HW BasnbLiB, MNEPEBULLEHHS AKOi

CMPUHMUHATUME HanUNaHHSA YacTMHOK I'PYHTY Ha BanbLi,
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area of rollers, excess of which will cause buildup of soil
| _Pe, _ Pl
"2 2mr
which the upper part of flax root reaches the axis of
rotation of the rollers, rad.; I, — the distance from the

axis of rotation of the rollers to the soil surface, m.

on rollers, m; ¢, — roller angle at

Analyzing the schemes of stems falling into the
spiral groove of rollers at different level of spiral groove
angle v (Fig. 3), we can conclude that the most

favorable case for getting stem groove occurs when
w =0 rad. (Fig. 3 a), but in this case the transfer of

stems along the roller work area will not happen.
Increasing the angle value y creates unfavorable

conditions for getting stems into spiral groove of rollers
(Fig. 3 b, c), and thus the stems are not nipped and do
not move along the work area to the cross conveyor
rollers.

Thus, the smaller the angle y , the smaller the step p,

the more favorable conditions are created for the efficient
operation of the roller pulling mechanism. In case of the two
rollers with the same step of the spiral groove the angle
v is smaller in the roller with the bigger radius.

For an effective process of flax threshing in the flax
combine, the flax band needs to be stretched to
reduce its thickness. If we denote the thickness of the
bands formed after the pulling sections with rollers
having the spiral groove with constant step, through h
, and the band thickness which enables the efficient
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_Pp, _pl,
max - M (pz
27 2ar
SIKOrO BEpPXHA YacTMHa KOpeHs [ocHarHe piBHA OCi
obepTaHHs Banbuis, pad.; |, — BigcTtaHb BiA OCi

oGepTaHHA BanbLiB 4O MOBEPXHi I'PYHTY, M.

— KyT NOBOPOTY BalbudA 3a

AHanisyloun cxemm noTpannsiHHa cteben y rBMHTOBUIA Na3
BarnbLs 3a pPi3HWMX 3HA4YeHb KyTa NigNoOMY rBUHTOBOI MiHil
nasa y (puc.3), MOXHa NPUINTU OO BUCHOBKY, LLIO HanbinbLL

CTIpUSATIIBWIA BMNAAoK ANna noTpannsHHs crebna y nas,
korm w =0 pad. (puc.3 a), ane ToAi NepemilieHHs

ctebna B34oBX poboyoi 30HM BanbLiB He BioGyaeTbcs.
36inbLUEHHA 3HAYeHHs1 KyTa ' MPU3BOAUTL OO CTBOPEHHS

HeCnpusATNMBMX YMOB AN NOTpannsHHA creben y
rBmHTOBMIN Na3 (puc.3 b, ¢), ctebna He 3axonnoTLCS |
He nepemilalTbea y3A0BX Pobo4oi 30HWM BamnbuiB [0
rornepeYHoro TpaHcnopTepa.

Yum MeHWMn KyT W Ta Kpok P,

cnpuaTnMBI YMOBM Ans edekTnBHOi poboTn GpanbHoro

anapata. Y [BOX BanbUiB 3 OOHAKOBUM KPOKOM
rBUHTOBOTrO Nnasa KyT i Oyae MeHLWMM Yy Banbus, pagiyc

MM GinbLu

AKOro BinbLUNIA.

Ons  edeKkTMBHOrO OOMONOTY CTPIYKM FbOHY B
MOJIOTUIIBHOMY MPUCTPOI KoMOalHa, HeobXiAHO CTPiUKy
pO3TArHYTM AN 3MEHLWeEeHHs 1i  TOBLWMHKU.  AKWO
NO3HAYNTU TOBLUMHY CTPiYKM, WO CcopMOBaHa mnicns
OpanbHUX CeKUiln 3 BanbLaMK, SKi MalOTb NBUHTOBMI Nas3

3i cTanum Kpokom, Yyepe3 h, a TOBLUMHY CTpiukM 3a AKOI

threshing is through hom, than the flax stretching BinbyBaeTbCa edekTnBHMI Ti 0OMONOT Yepes hop‘, Topi
coefficient will be: KoeiLieHT po3TAryBaHHSA CTPidKK cknage:
k = h/hopt_ ©)
ofo o
Xe Xe
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A
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Fig. 2 - Model to determine the length of the working area of rollers /
PospaxyHkosa cxema 00 8u3HaYeHHs1 O08XUHU pob0oYOI 30HU 8arbyig

W
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Fig. 3 - Model of flax stems position in spiral groove of roller / Cxema po3miweHHsi cmebria 51bOHy y 28UHMO8OMY a3y 8arnbus:
a — angle of climb spiral / kym nidtiomy eguHmosoi niuii, y =0 rad / pad;

b, c —angle of climb spiral / kym nidtiomy 2euHmoeoi niii, y >0 rad / pad

51



Vol. 42, No. 1/2014

If the speed of the flax stem movement along the

rollers with steady step of the spiral groove is V,, and

thus the band thickness h is formed, then to stretch the
band, its speed on the following transport mechanisms
(cross conveyor, clamping belt) should be increased by k
times:

\Y/

opt

where: V_ - the stretching speed of flax band by k

times of the initial value, m/s.

Stretching the band should not be done on the
transporting mechanisms but at the stage of pulling of
flax stems. This is because stretching of band after
pulling of stems from all the sections into a single flow
will lead to breakage of the seed capsules because the
flax inflorescence of the stems are tightly linked to each
other.

The growth of movement speed of the stems in the
pulling sections can be achieved either by increasing the
value of the angular speed of roller rotation, or by
increasing the spiral groove step. Growth of angular
speed of rollers can make the pulling of stems from the
soil less efficient and damage them. Increasing the step
value also affects the nipping of the stems into pulling
sections.

The change in stem speed to value Vopt may be
ensured by installation of rollers with variable step of the
of spiral groove into the pulling sections. Step size should
increase from the initial value p,, which will provide
favorable conditions for entering the stems into the spiral
groove and nipping, till the final value p, , through which

the necessary stem speed value is achieved V.

We use the dependence to determine the change of
the stem movement speed along the working area of the
roller pulling mechanism:

V() =V, +(V,, —vo)f ,

dz

dt

where: ¢ — the angle of rotation of the roller with spiral
groove (where ¢=ot), rad.; t - time, s; ¢, — the angle

of rotation of the roller with spiral groove at which the

stem reaches the end of the working area of rollers, rad.
The equations of the curve that describes in the system

of coordinates Xyz the spiral groove of the roller with

variable step (Fig. 4 a, b), have the form:

X(t) = rcos(awt);
y(t) = rsin(at);

z(t) = Vot(l + (K,

where: OStStDm:ﬂ :

()

I' — the radius of the roller with

spiral groove, m.
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AKWOo WBMAKICTL NepemileHHs cTeben NboHy B3O0BX
BanbLiB, $Ki MalwTb CTanuin KPOK rBMHTOBOrO nasa,

cknagae V, i npu LuboMy popMyeTLCS CTpivKa TOBLLUMHOLO
h, Togi Ans posTaryBaHHA CTpiukM Ti LWBUAKICTL Ha
HaCTYMHUX MeXaHiamax (MornepeyHun Ta  3aTUCKHWUIA
TpaHcrnopTepu) HeobXiaHo 36inbwuTn y k pasis, To6TO:

4)

0!

ne: VUm — LWUBMAKICTb CTPIYKKM 3a AKOI BigOyBaeTbCa il

po3TaryBaHHs y K pasiB Big MO4aTKOBOrO 3HAYEHHSI, M/C.

Po3TaryBaHHS CTpiYkM AOUINbHO NPOBOAUTU He Ha
TpaHcnopTepax nicns GpanbHOro anapaTa, a Ha eTani
OpaHHsa cteben. Lle nosicHioeTbCA TUM, WO pO3TAryBaHHs
CTpiYKkM nicna o6’eaHaHHA NOTOKy cTteben 3 ycix cekuin B
€OnHy CTpiYKy npu3BoauTMe [0 OOpuBY HACIHHEBMX
KOpPOOO4OK, OCKINbKM y CCOOPMOBAHIN CTPiYLi BEpXiBKOBI
YyacTUHKU cTeben MiLUHO 34ennieHi MiXX coboto.

3poCTaHHs  LWIBMAKOCTI  nepemilleHHs creben vy
OpanbHMX CeKUiAX MOXHa OO0CArHYyTU  36inblUeHHAM
KyTOBOI LUBMAKOCTI BanbuiB abo 36iMblUIEHHAM KPOKY
rBMHTOBOrO Masa BanbLiB. 3pOCTaHHS KYTOBOI LUBUOKOCTI
MOXe NpW3BecCTU OO0 MOripLEHHS YMOB BUTSryBaHHS
cteben 3 rpyHTy Ta iX NOLKOMKEHHS. 36iMnbLUEHHSA KPOKY
TakoX noripwye yMOBM 3axomnrieHHs cteben Banbuamu,
TOOTO iX MoONagaHHsA y rBMHTOBUI Na3 BarbLiB.

3abe3neuntn 3MiHy WBMAKOCTI cTeben A0 3HAYEHHs!

V MOXHa 3a paxyHOK BCTAHOBMEHHA BanbuiB 3i

opt
3MiHHMM KPOKOM FBMHTOBOrO na3a. Kpok reMHTOBOro nasa
mae 36inbllyBaTUCA Bif MOYATKOBOrO 3HaYeHHA pP,, 3a

skoro 6yae 3abesnevyeHo yMOBM Ansl NonafgaHHAa cteben
Yy TBMHTOBUI Nas i iX 3aXOMnfeHHs, A0 KiHLEBOro 3Ha4YEHHsI

P, , 3a AiKOro focAraTMMeTbCs WBMAKICTL cTeben V| .

Bukopuctaemo  3anexHicte  Ans ONucy  3MiHu
wBuakocTi cteben B3goBX poboyoi 30HW BanbLbOBOrO
6panbHoro anapara:

©)

k

_1)th |
(%

Ae: @ — KyT MOBOPOTY BanbLs 3 rBUHTOBMM MasoMm (Ae

(6)

p=at), pad.; t -yac, ¢; ¢, — KyT NOBOPOTY BasnbLs 3
rBUHTOBMM Na3oM 3a SKOro ctebno gocsrHe KiHusa poboyoi
30HM BanbLiB, pad.

PiBHAHHSA KPYBOI, LLIO ONUCYE Y CUCTEMiI KOOPAMHAT XyZ
rBUHTOBMI Na3 Banbus 3i 3MiHHMM kpokom (puc.4 a, b),
MaTUMyTb BUMMSAA:

™

B 1)1t],
20,
D,

ae: OStStopt:—"; I' — papiyc Banbus 3 IBUHTOBUM
w

nasom, m.
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Speed and cross-clamping transporters of the flax
combine should be equal to V..

Initial speed of the stems in rollers should be equal to
the speed of the flax combine V, =V , and angular speed
of rollers should be calculated as:

Taking into consideration the above, the favorable
conditions for pulling of stems and efficiency of the next
operations with the band will be ensured.

8]

a

27V,
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LLiBnakicTb NonepeyHoro Ta 3aTMCKHOrO TpaHCMopTepiB
NbOHOKOMOanHa A0oUiINbHO NPUIAMATH PIBHOO Vom.

MoyaTkoBY LWIBUAKICTL NepemilleHHs cteben y Banbusx
OOUINbHO nNpuUMMaTK PIBHOKO  LUBWAKOCTI NepeMilleHHs

kombaiiHa V, =V , a kyToBy lBKUAKICTb 0BGepTaHHA
BasbLiB PO3paxoByBaTH 3a 3a51eXHICTHO:

. ®)
Po

3 BpaxyBaHHAM BVIKIaaeHoro OyayTe 3abesneveHi CrpysTivB
ymoBu Ans 6paHHsa cteben Ta edpeKTMBHOrO NpoBeAeHHs!
HaCTYMHUX TEXHOMNOTYHMX onepaLin 3i CTPIYKOLO.

0.05
X, M

0

]
-0.05 |
- 0,
0.05 0.025 0.05
V., M Z, M
b)

Fig. 4 - a) model of the spiral groove of roller / pospaxyHkosa cxema 8anbys 3 28UHMOBUM 1a30M
(1 — spiral line / esauHmosa niHisi; 2 — spiral groove / esuHmosuti nas);
b) graphical dependence that describes the spiral groove of the roller with variable step in the system of coordinates xyz /
2pacpidHa 3anexHicmb, Wo onucye y cucmeMi KOopOUHam Xyz 28UHmMoeul na3s 8anbys 3i 3ViHHUM KPOKOM

(at/ mpu: ¥ =0,05m; Kk =1,8; @, =rrad.; V0:1,39 m/s; @ =54,5 rad./s)

CONCLUSIONS

The suggested construction of the roller flax pulling
mechanism can be installed on flax harvesting machine
(flax combine, flax puller). The obtained dependencies
can justify the parameters of the roller with the spiral
groove of the pulling mechanism in particular (the radius
of the roller with spiral groove r=0,05 m; the angle of
rotation of the roller with spiral groove at which the stem
reaches the end of the working area of rollers ¢, =7 rad.;
the angular speed of rotation of roller @ =54,5 rad./s; the flax
stretching coefficient k =1,8), the equation of the curve
that describes the spiral groove of the roller with variable
step, and the dependence of the change of stem moving along
the working area of the roller flax pulling mechanism.
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BUCHOBKU

3anponoHoBaHO KOHCTPYKL0 BanbLbOBOro GpansHOro
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