Hayunsriit sxxypaan KyoI'AY, Ne179(05), 202201

YJIK 631.356

05.20.01 -TexHOIOTHH U CPEICTBA MEXaHU3AINN
CEJILCKOTO X035MCTBA (TEXHUYECKUE HAYKH)

TEOPETUYECKOE OBOCHOBAHUE .
TEXHUYECKOI'O CPEACTBA MAIIMHHOU
YBOPKH KAPTO®EJIA

Koaupos Catipunaun TyxracuHOBHY
Pszanckuii 2ocyoapcmeennblii acpomexnonocuieckuii
yrusepcumem umenu I1.4. Kocmwviuesa, Psazans, Poccus

PembasnoBny I'eopruit KoHcraHTHHOBUY

II.T.H. TOIEHT

PUHIT SPIN«ox = 9656-2331

Psszanckuii eocyoapcmeenubiii azpomexHoiocuteckull
yHugepcumem umenu I1.A. Kocmoiuesa, Pazanw, Poccus

VYenenckuit Ban AnexceeBUd

I.T.H. npodeccop

PUHIL SPINxon = 1831-7116

Pszanckuii 2cocyoapcmeennblii acpomexnonocuieckuii
yuueepcumem umenu I1.A. Kocmwiuesa, Psazanv, Poccus

Koctenko Muxawmn IOpbeBry

II.T.H., TOIEHT

PUHIL SPIN«oa= 2352-0690

Psszanckuii eocyoapcmeenubiii azpomexHoiocuteckull
yHugepcumem umenu I1.A. Kocmoiuesa, Pazanw, Poccus

Bbesnocrok Poman Bnagumuposuu

k.T.H., PUHII SPIN«ox = 1616-3982

Psazanckuii 2cocyoapcmeennblii acpomexnonocuieckuii
yrusepcumem umenu I1.4. Kocmviuesa, Psazans, Poccus

JIsmna Muxanin Muxainosuu
Psszanckuii eocyoapcmeenubiii azpomexHoiocuteckull
yHugepcumem umenu I1.A. Kocmoiuesa, Pazanw, Poccus

KenToyxoB AHTOH AJICKCEEBUY
Psszanckuii eocyoapcmeenubiii azpomexHoiocuteckull
yrusepcumem umenu I1.4. Kocmviuesa, Psazans, Poccus

Cenapupyroliye 3J1eBaTophl SBISIOTCS Hanboee
pacnpoCcTpaHeHHBIMH, TaK KaK OHHU JTIOCTATOYHO

3¢ (G EKTHBHBI U3-32 BBICOKOH pa3/ICIUTEIILHON U
TpaHCIOPTHPYIOLIEH criocoOHoCcTH. OHAKO, BO BpeMs
pasaeneHus B3aMMHOE MepeMelIeHHe KOMITOHEHTOB
KapTo(heapHOH MacChl MOXKET OBITh 3aTpyaHeHO. JIis
HHTEeHCU(HUKALUK POLIECCa Cenapaliy UCIIOIb3YIOTCS
pa3IMYHbIe YCTPOWUCTBA /ISl UCTIOIb30BAHMUS BCEil JICHTHI
3IIeBATOPA BMECTE C IPYHTOM, YTO IIPUBOAUT K BHICOKOMY
sHepronoTpedieHuto. Kpome Toro, npuMeHeHHUE aKTHBHBIX
MHTCHCU(HUKATOPOB MPUBOIUT K YBEIUUCHHUIO KOJTHUCCTBA
noBpexacHU Ki1yOHel. [Tomas Ha 35eBarop, KITyOHU 4acTo
CKaTBIBAKOTCS TI0 HEMY, YTO TAKXKE YBEIMYMBACT MIPOICHT
MOTepPh U MoBpexacHuit. [ mosienus 3gdekruBHOCTH
pa3ziencHus TpyHTa ObUTH pa3pabOTaHbI AJIEBATOPHI C
HIAPHUPHBIMHE [ITAHTAMA

http://ej.kubagro.ru/2022/05/pdf/19.pdf

UDC 631.356

05.20.01 — Technologies and means of
mechanization of agriculture (technical sciences)

THEORETICAL JUSTIFICATION OF THE
TECHNICAL MEANS OF POTATO MACHINE
HARVESTING

Kodirov Sayfiddin Tukhtasinovich
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Rembalovich Gergiy Konstantivich
Dr.Sci.Tech., Associate Professor

RSCI SPIN-code = 9656-2331
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Uspenskiy Ivan Alekseevich
Dr.Sci.Tech., Professor
RSCI SPIN-code = 1831-7116
Ryazan State Agrotechnological University Named
after P.A. Kostychev, Ryazan, Russia

Kostenko Mikhail Yuryevich
Dr.Sci.Tech., Associate Professor
RSCI SPIN-code= 2352-0690
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Beznosyuk Roman Vladimirovich

Cand.Tech.Sci., RSCI SPIN-code = 130832
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Lyashin Mikhail Mikhailovich
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Zheltoukhov Anton Alekseevich
Ryazan State Agrotechnological University Named
after PA. Kostychev, Ryazan, Russia

Bar separating elevators are the most common ones,
as they are quite efficient because of high sejparat
and transporting capacity. However, during
separation, the mutual movement of components of
the potato heap is difficult (reorientation of
particles). To intensify the separation process,
various devices are used to throw the entire ebevat
belt together with the soil, which leads to high
energy consumption. In addition, the use of active
intensifiers leads to an increase in damage tarsube
Once on the elevator, the tubers often roll down it
which also increases the percentage of losses and
damage. To increase the efficiency of soil
separation, elevators with joint bars have been
developed
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Introduction

Bar separating elevators are the most common ageshey are quite
efficient because of high separating and transpgpitapacity [1, 4, 5, 8, 10, 11,
13]. However, during separation, the mutual moveanoéncomponents of the
potato heap is difficult (reorientation of part€)e To intensify the separation
process, various devices are used to throw theeegievator belt together with
the soil, which leads to high energy consumptiond|[312, 15]. In addition, the
use of active intensifiers leads to an increasdamage to tubers [2, 6, 15].
Once on the elevator, the tubers often roll dowrwitich also increases the
percentage of losses and damage. To increasefibierefy of soil separation,
elevators with joint bars have been developed][7, 9

Materials and object

The separating elevator of the potato harvestesistaof flexible traction
elements 1 with joint bars, which are bars 2 witlnclrical tubes 3 put on them,

made of low-pressure polyethylene (Figure 1) [9].

1 - flexible traction element; 2 - bar; 3 - quicktdchable tube with a longitudinal screw section; 4
- roller; 5 - support frame; 6 - leading roller;87; driven rollers; 9 - soil element; 10 - plant
remains; 11 - potato tuber

Figure 1 — The schematic diagram of a separatexpébr with joint bars of
potato harvesters
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The polyethylene tubes are made sectional, thembew on the bar is 4.
When the belt moves, cylindrical tubes 3 interathwollers 5. Since rollers 5
are arranged alternately on the surface of theragpg elevator belt, the
tuberous formation moves due to the complex movémérthe cylindrical
tubes. The displacement of the heap causes altegriaads, which lead to the
destruction and separation of the soil. The degfeenpact of joint bars on
tubers is determined by the number of rollers. Buée rotation of rollers 5,
tubes 3 of joint bars are rolled, as a result oicvisliding friction is replaced by

rolling friction.

Methods

To justify parameters of the separating elevatain yaint bars, taking into
account the rotation of tubes, the expressionghfervelocity, acceleration and
angular velocity of rotation of the tube of thenjpbar are found, corresponding
to the mode of operation of the elevator with &rdR, 3, 14].

Consider the movement of the joint bar on the roll@king into account
that the tube of the joint bar does not move inakial direction, the considered
movement is represented in a plane coordinate raysfEhe following
assumptions are introduced:

- the elevator belt moves in a straight line;

- in the process of interaction there is a hit;

- the tube has sufficient rigidity.

The tubes of the bar of the separating elevatan wiassm and radiug
meet with the roller, which leads to the impactled tube on the roller (Figure
2). Since the tube is loosely put on the bar, thpact will be inelastic. Let us
assume that the tube moves along the roller andadhevithout slipping. The
value of anglex is determined by the geometric parameters ofube,tthe bar
and the roller. Let us determine the velocity af ttenter of tub&C after the

impact, taking into account the mass of the tube the mass of the tuberous

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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layer per tube. The initial velocity of the tubddre the impact is taken equal to
the velocity of the elevator bélf.. To determine the velocity of the tube after
the impact, the instantaneous center of velocsiesed, which is located at the

point of contact between the tube and the roller.

d

Figure 2 — The scheme for determining the parametieinteraction between

the tube of the bar and the roller

Let us decompose the impact reaction that actb®@tube into directions

along the tangent and normal to the surface oftube. Similarly, momentum

componentgF and§N, will be decomposed into a tangent and a normgu(e
2). After the impact, the tube will rotate arourite tinstantaneous center of
velocities. The magnitude of the impact impulsedestermined using the
following expression:

m@i, —V.) = Sg + Sy ., (1)
wherem s the tube mass;

. is the tube center velocity before the impact;

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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U is the tube center velocity after the impact.
The rotation of the tube is determined as follows:
Je(wr —wo) = =Sp"1 ., (2)
whereJ,. is the moment of inertia of the tube;
w, IS the angular velocity of the tube before theawetp
w, 1S the angular velocity of the tube after the ictpa
Angular velocities of the tube are related to Imealocities by the

following expressionsv, = % , Wy = % Let us project equation (1) on aXg
andA,, and make a change in equation (2):

m(u. — V.cosa) = Sg
m(0 + V.sina) = Sy 3)

where a is the angle of the direction of the roller intgran with the tube
(cosa = % ,Sina = %).
The measure of angteis determined by the geometric parameters of the

tube of the joint bar and the roller, as well asrtimutual arrangement.

R—-r+d+e

cosa = m ) (4)
. . . R—-r+d+e 2
sina = [1- Ty, ©

When solving equation (3) unknown quantitiesSg, S, are determined
as dependences on initial velocity of the tuhe then the equations will be
written in the following form:

m(u. — V.cosa) = Sg
{ mu. — Vo) = =S¢’ (©)

Having carried out the appropriate transformatioamponents of the
impact impulseS, andSy are determined:

{SF = %ch(l —cosa) | 7)

Sy =mV,.sina

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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Then tube center velocity after the impagcis determined as:

uc—llfc(1+cosa)., (8)

T2
Let's calculate the tube center velocity aftenrutithe roller in Mathcad

program and build a dependence graph (Figure 3).

-
a“

Figure 3 — The dependence of the tube center wglafter hitting the roller on

the initial velocity of the tube before the impéitte velocity of the elevator)

The tube center velocity of the joint bar aftetihg the roller is largely
determined by the initial velocity of the tube brefohe impact or the velocity of
the elevator [7].

Let us determine the condition for tossing up thbetous layer by
applying the theorem on the change in kinetic eneben the tube is rotated
around the roller at a certain angle.

T—-Ty=XA, (9)

As the disk participates in translational and rfotal motion at the same

time, then the total kinetic energy of the tube is:

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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T = Tk forw * Tk rot » (10)
where Ty IS the kinetic energy of the forward motion of thee;
2
Tx forw = e ) (11)

2
Tk ot IS the kinetic energy of the rotational motiortlud tube.

The kinetic energy of the rotational motion of tinde is determined by
the following equation:
Jwi
Tk rot = % , (12)
The moment of inertia of the tube of the joint Imrepresented as the

moment of inertia of the hoop:

] =mr?, (13)
The angular velocity of the tube is related tofthilowing linear equation:
W, ==, (14)

r
Then the total kinetic energy, considering the famdv and rotational
components of the tube, is determined by the fotligvequation:

_ muc? | mriuc?

+ = mu2 . (15)

2 2 2 2r?

Taking into account the rotation of the tube, iteekic energy before
impact is determined by the following equation:
Ty = mV2 . (16)
The kinetic energy of the tube after the impacdeermined by the

following equation:

T =mu?, (17)
The tossing job of the tube with tuberous layer ponents:
2 A=mgh, 18]

wheremy is the mass of the tube, considering the massedfuterous layer, kg;
g is acceleration of gravity, nfls
Let us express the values of velocities from egua(P) by substituting

the values of equations (16), (17) and (18):
Vi=u?—-—=gh, (19)

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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Lifting the tube of the joint bar is possible undee following condition:
u? > %gh : (20)

Having substituted the value of velocity after thgpactu, from (7), the
following equation is got:

V2
+ (@ +cosa)? > %gh : (21)

The magnitude of the jump of the tuberous layeexpressed in the
following way:

vé 2
h< (14+cos ) m (22)

g myq

Results

The numerical modeling of the jump height of thenponents of the
tuberous layer was done in Mathcad program, gikkergeometric parameters of
the joint bar and the intensifier roller, as wedl the velocity of the separating
elevator: m = 0.05 kg, R =0.10 m; r=0.0127 m;0d&12m; e=0.002m; Vc=2.0
m/s (Figure 4).

0.3

ml
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Figure 4 — The dependence of the height of the jafripe tuberous layer
components on the mass of the layer on the tubi®egbint bar

Analysis of the figure showed that the height o famp is largely
determined by the mass of tuberous layer ml pez. tulrying the size of the
tube, its thickness, and the radius of the intersibller has little effect on the
jump height. With an average size of tubers, thwight is about 0.15 kg, then
the height of their jump will be 0.06 m. A furthercrease in the mass of the
tuberous layer will lead to a decrease in the jin@ight.

The condition for the absence of slippage of tHeetwhen hitting the
roller can be presented using Routh hypothesig®rmpact:

S| < SFmax =fSn , (23)
whereS; andSy are tangential and normal impact impulses;
f is the coefficient of sliding friction of the talon the roller intensifier when
the impact.

The slip boundary condition is described by théofeing equation:

S| = SFmax =fSn ., (24)

Having transformed equation (23), expressing theditmn for the
absence of slippage of the tube along the rolled having substituted the

values of shock impulse&% andS, from equation (7), one gets:
%mVC(l —cosa) < fmV.sina , (25)
Hence, the value of the sliding friction coefficiari the tube on the roller

is determined by the following inequation:

f=

Calculating the coefficient of sliding friction tthe tube on the roller was

l1-cosa

(26)

2sina '

done in Mathcad program and the dependency graptpletted (Figure 5).

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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Figure 5 3aBucumocTs K03(pPHIIEHTA TPEHUS CKOIBKEHUS TPYOKH O POIHK

OT paguyca TpyOKHM KOMOMHUPOBAHHOIO MPYTKa

Analyzing the dependence of the coefficient ofistydfriction of the tube
on the roller, it can be seen that the condition tfee absence of the tube
slippage when the impact is fulfilled, when coaéi of sliding friction f>
0.08 for the tube radius r = 0.015 m. Thus, an chpathout the tube slipping

on the roller is possible in a wide range of cands.

Conclusion
Thus, to improve the efficiency of soil separationpotato harvesters,

elevators with joint bars have been developed.jdim bar tube hits the roller.
The velocity of the tube center of the joint baleahitting the roller is largely
determined by the initial velocity of the tube befdthe impact or the velocity of
the elevator.

It has been established that the height of the jisnhgrgely determined by
the mass of the tuberous layer per tube. Varyirg stze of the tube, its

http://ej.kubagro.ru/2022/05/pdf/19.pdf
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thickness, the radius of the roller slightly affetdte height of the jump. With an
average size of tubers with the weight of aboub Bd, the height of the jJump of
the tubers will be 0.06 m. Analyzing the dependesfalie coefficient of sliding
friction of the tube on the roller, it can be sdleat the condition of the absence
of slippage of the tube when it hits the rollerpisssible in a wide range of

conditions.
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