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METHODOLOGICAL CONCEPTS OF A DEFINITION OF RATIONAL PARAMETERS OF
THE BRUSH-SCREW STONE SEPARATOR ON THE ELEVATOR-TYP E POTATO COMBINE

Summary

In this article a set of methodological conceptsaofhoice of design and parameters regime for theshyscrew stone
separator in a universal modular construction potaobmbine of the elevator-type has been preseiiisel.research has
aimed at a realization of the principle of multifttionality with reference to AWB, that can provate improvement in the
quality of potato cleaning as a whole and the ursatity of the developed machine.

OKRESLENIE PARAMETROW SZCZOTKOWO- SLIMAKOWEGO OCZYSZCZACZA
SEPARATORA MIESZANINY TECHNOLOGICZNEJ W MASZYNACH D O ZBIORU
ZIEMNIAKOW

Streszczenie

W publikacji okrélono zakresy parametrow szczotkosliomakowego oczyszczacza separatora mieszaniny dgfioznej
w maszynach do zbioru ziemniakéw. Przedstawionwpdjw na skuteczhdoi jakasé separacji.

1. Introduction The mode of the screw operation is characterizeth®
angular speed or frequency of rotation, speed @l ax
At the creation of a universal elevator-type pmtat moving of a material, a degree of filling intragftit spaces

combine of modular construction a brush-screw stonat work (see Fig. 1).

separator is applied. The use of such active wgrkiody
(AWB) has allowed to raise the efficiency of brarpmtato

Power perfection is characterized by the screigieffcy,
and the basic target parameter is productivity. Ho

from stones and to lower their damageability at amefinition of the productivity of the brush-screviorse

interaction with it (Furletow, 1981; Ito et al.,94).
In the design of the developed harvest unit tlecgle
of an openness to development has been appliedhvigi

separator the method of the analysis of dimengtonigtow,
1981) is used according to which the physical ddprce of
productivity on the screw size and the determimatibsizes

ensured by the fast change of AWB without affectinghave been presented as a sedate complex. On theobt®

transmission parts and with an easy alteration haf t
constructive structure of the unit in operations@wski,
1998; Pietrow, 1984; Tanas 2001).

The use of the brush-screw stone separator tageallto
realize in one simple AWB some of the importantctions:
to separate a potato from large firm inclusions &mdiove
the potato without damages to the edge of the ffingis. It
is one of the many examples of realization of thigple of
multi-functionality with reference to AWB, that hpsovided
an improvement in the quality of potato cleaningaashole
and the universality of the developed machine (&/ind
Dawson, 1991; Zaltzman and Schmilovitch, 1986).

The choice of parameters of the brush-screw stone

separator represents a certain problem in conmeetith
an absence of researches of its working processttand
appropriate design procedure. The analysis of thek wf
such AWB therefore is of interest, with the purpo$ehe
discovery of its laws and the development
methodological concepts for the choice of
parameters of such a working body.

2. Key parameters of the brush-screw stone separato
The basic design data concerning the screw: raofius

a coil, radius of a shaft, a step and number dEcteéngth
of screw, thickness of coil pile.
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latter the equation of dimensions has been workedrom
which the system of algebraic equations concerrihmgy
unknown parameters of degrees has been obtained and
having defined its value, the final expressionthesn written
down (2).

S

SaP- i
O )

Fig. 1. The circuit of moving of a material at therk of
the brush-screw stone separator
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The basic regime parameter of the brush-screwestong, = (2R OI; - I (r - h)]); | =2E/h(2R-h),
separator is the frequency of the rotation scresudlly it
is defined proceeding from the productivity whidiosld  where:
be provided by AWB (Feller et al., 1987 and Funeto |slength of an screw arc (see Fig. 2).

1981). |5 = |2+16th :
The quantity of potatoes which are submitted by th '~ Eli
finger hill to the brush-screw may be defined frahe

equation: Su :;[RW— I(R=h)];

W = O,ll Cc Gk| Vm- kg/S, (1)
where: ::%[R|:12\/4|:B1(2R—h)+1—;Elh2 -20/h(2R-h) R -N)]:
i = 2 — quantity of rows dug out,

¢ —width between two rows, m 16 ,
1 05R, [4H2R-h) +=—h? - [2R-h) QR-h
Gy — a crop of a potato, t/hectare, p=Su__ S, A )3 " )[R = (3)
s

V., — working speed of a combine, m/sec. R =) 1R -r?)

_ RE/ (2R-h)+133? -/ (2R-h) [[R-h)

At a choice of a set of constructive and regime R2(1-k?)
parameters it is required to achieve a rationalbrking
screw of the maximum efficiency, so that the pranhity Productivity of the brush-screw should provide ingv

per unit of the spent capacity (on a drive) is éipimum  of all potatoes on the sorting mountain, therefatethe
one. Essential changeability of operating cond#tiofh the  constant design data the speed of the screw rotatiould
harvest unit strongly complicates an achievementhef not be smaller than:
optimum characteristics of a screw's working praces
therefore the choice of the screw parameters ischas > Qu
average characteristic parameters of conditions of O0px[PHH-5)(1L- kz)ERZDi)Dk/, .,
operation. ) ) )
The mass productivity of the brush-screw is define The size h in expressions forll, at a constant

from the expression: arrangement of a trajectory of end faces of piléendge
relative to the finger hills at a point of theiroskst

Q=05 z [J-JH-1]- (1K) R~k - [, @) approach 4 = A in Fig. 2), is defined as a difference of an

where: average thickness of the material submitted byllaahid

¢ < 1 — factor taking into account the rotation ahaterial ~ Size€SA.

together with a rotor, The volume of materiaQy which has reached up to

w— angular speed of screw, rad/sec, screw before contact with the pile is equal to:

R —screw radius on the edge of a coil, m,

r — radius of a screw shaft, m, Qu 2 SHNuK,,

k=r/R,

z— number of coils screw, where:

H — a step of a coil, m, K, — the part material’s digging share which hastredap to

- thickness of pile in a coil, m, screw, applied on the data (Feller et al. 1987);

y — factor of filling screw with material, S — breadth of capture, m;

rj — density of material, kg/in H,— depth undermining, m;

k - the factor taking into account the reduction ofVm— Speed of the unit, m/s.

productivity at the rise of the target end of screw a

cornerg. Let's substitute average values, characteristictlie

developed combine, and we shall receive:
Quo>1.40.231.50.4 = 0.1932 = 0.2 ifs
At bulk density potat,, = 0.65 t/nt
Qu=0.2850=130 kg/s
At width finger hills S, = 1.26 m and in view of an

assumption about uniform thickness of a materiatowidth
we determine valuds,,, (at A=0.02 m):

M= @ —A=_ %28 _502=0076m=7.6cm

S, v, 1.26[1.65
) o L = 7.5cm.
Fig. 2. The circuit of definition of parameterstbg brush-
screw stone separator Thus, knowing the valud, from expression (3) the
_ _ . valuey for any changes d® andr researched of the brush-
Let's define(determine) factor screw is defined.
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For the maintenance of a coordination of materialH

balance of the unit and maintenance of requiredkston
the productivity as well as time fluctuations obguctivity
necessary for overcoming the previous working badiee
step of a coll is accepted equaHa= 0.2 m.

=133.

H _4
R 3
In connection with the features of work of a defable

Wl

pile, coil screw valuesl in limits from 0.15 up to 0.225 m

were investigated, which correspond to a variatmwn

One of the important parameters of the brush-sasew re|ationH/R in limits from 1.15 up to 1.73 (see Tab. 1).

the number of coils and thickness of a pile in & & a
known length of screw and a step, the number ddsi
defined from the expression:

_L_14 _

H 02

Thickness of pile in a coil screw is accepted fram

As the greatest possible layer of the materiathizs
up to the brush-screw does not exceed size0.075 m R
should be more than this size, thgm., < 0.4 in view of

the diameter of a shaft worm. Therefore at resemrch

(using the program MS Excell) valuésvaried in limits
from 0.1 m up to 0.22 m.
To pass stones under a pile it is possible toigeoan

condition unbent by stones of pile and their passageffect of a variation of combinations of length ahitkness

forward together with cloth finger hillg:= 0.03 m.
Axial speed of the material which is swept awayttoy
screw is defined by frequency of rotation and stea coil:

Vo= HB B.= 0.21290.8 = 0.344 m/s,

where:
K. — the factor which is taking into account slidinf &
material concerning the surface of a coil from pile

Some researches of rigid screws (Ito et al, 19@4e

of a layer, rigidity and speed of interaction ofirggs of a
pile with the submitted material.

At unchanged diameter of strings at interactiothvei
material it is possible to provide the necessagidity and
an angular deviation of pile as well as the appaber
thickness of the brush-screw stone separator piddength
of strings.

In Table 1 the exemplary results of multiple cédtions
parameters and the parameters of the process dirtisé-

proved that the maximum of efficiency is reachecthmt SCrew stone separator, executed with the help

relation: programmed spreadsheets are shown.

Table 1. Performance data of the brush-screw steparator

Variant z o w H 0 k R 7/} Kz oM Q

1 1.00 | 1.00| 15.0f 0.20 0.083 0.30@.050| 0.2 1.0 | 0.65| 0.377081
2 1.00| 1.00| 15.0f 0.20 0.083 0.200.075| 0.2 1.0 | 0.65 0.89505
3 1.00| 1.00| 15.0f 0.20 0.03 0.150.100( 0.2 1.0 | 0.65 1.620206
4 1.00 | 1.00| 15.0f 0.20 0.083 0.12@.125| 0.2 1.0 | 0.65 2.55255
5 1.00 | 1.00| 15.0f 0.20 0.03 0.10@.150| 0.2 1.0 | 0.65| 3.692081
6 1.00| 1.00| 15.0f 0.20 0.083 0.08®.175| 0.2 1.0 | 0.65 5.0388
7 1.00| 1.00| 15.0f 0.20 0.083 0.0Y®.200| 0.2 1.0 | 0.65| 6.592706
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Q [kg/s]

0,000 0,050 0,100 0,150 0,200 0,250
Rm]

Fig. 3. DiagranQQ =f(R)

2-10rad/s; 3 - 15 rad/s; 4 - 20 ra
5-25rad/s; 6 -30rad/s; 7 -35re

= = 0.1
e Jm=c = 0.15
=y = 0.2
=== = 0.25
= X==c =0.3

Fig. 4. DiagramQ = f([lw), [Q] — ka/s, ] — rad/ls. 2 —w =10; 3 —w =15; 4 —w =20; 5 —w =25
6 —w =30; 7 —w =35. (In the Figure the letter c designates factpr

On graphic diagrams, which are reconstructed As experience has shown, the offered methodolbgica
automatically at change of numerical values of itiidgal  concepts of a choice of design and regime paraséber
data in spreadsheets (see Fig. 3, 4), results ef thhe brush-screw stone separator allow for the iceatf a
parametrical analysis of the work of the brushascere  design and the natural industrial tests of a harwasbine.
shown. It is essential, however, to reduce the time ofeltgyment

The received tables and graphic diagrams allovatoy and to define the necessary law for the regulatibthe
out the fast and evident parametrical analysihiefwork of screw parameters regime as to the speed of movement
the brush-screw stone separator at a choice ekjiedient productivity, the condition and contamination ofognd
design parameters. stones.

By the development of constructive decisions it is
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