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INTRODUCTION

At the creation of a universal elevator-type potato combine of modular con-
struction a brush-screw stone separator is applied. The use of such active work-
ing body (AWB) has allowed to raise the efficiency of branch potato from stones
and to lower their damageability at an interaction with it.

In the design of the developed harvest unit the principle of an openness to
development which is provided with the fast change of AWB without affecting
transmission parts and with an easy alteration of the constructive structure of the
unit in operation is realized.

The use of the brush-screw stone separator has allowed to realize in one sim-
ple AWB some of the important functions: to separate a potato from large firm
inclusions and to move the potato without damages to the edge of the finger hills.
It is one of the many examples of realization of the principle of multi-functionality
with reference to AWB, that has provided an improvement in the quality of potato
cleaning as a whole and the universality of the developed machine [1].

The choice of parameters of the brush-screw stone separator represents a
certain problem in connection with an absence of researches of its working proc-
ess and the appropriate design procedure. The analysis of the work of such AWB
therefore is of interest, with the purpose of the discovery of its laws and the de-
velopment of methodological concepts for the choice of rational parameters of
such a working body.
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KEY PARAMETERS OF THE BRUSH-SCREW STONE SEPARATOR

The basic design data concerning the screw: radius of a coil, radius of
a shaft, a step and number of coils, length of screw, thickness of coil pile.

The mode of the screw operation is characterized by the angular speed or
frequency of rotation, speed of axial moving of a material, a degree of filling
intra-flight spaces at work (see Fig. 1).

Power perfection is characterized by the screw efficiency, and the basic target
parameter is productivity. For the definition of the productivity of the brush-screw
stone separator the method of the analysis of dimension [2] is used according to
which the physical dependence of productivity on the screw size and the determi-
nation of sizes have been presented as a sedate complex. On the basis of the latter
the equation of dimensions has been worked out from which the system of alge-
braic equations concerning the unknown parameters of degrees has been obtained
and having defined its value, the final expression has been written down (2).
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The basic regime parameter of the brush-crew stone separator — is the fre-
quency of the rotation screw. Usually it is defined proceeding from the produc-
tivity which should be provided by AWB [1, 2].

The quantity of potatoes which are submitted by the finger hill to the brush-
screw may be defined from the equation:

Ou=0,1icGyV,, kglc, (1)
where:
i = 2 — quantity rows; dig out,
¢ — width between two rows, m,
Gy, — a crop of a potato, t/hektare,
V., — working speed of a combine, m/sec.
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At a choice of a set of constructive and regime parameters it is required to
achieve a rationally working screw of the maximum efficiency, so that the pro-
ductivity per unit of the spent capacity (on a drive) was the optimum one. Essen-
tial changeability of operating conditions of the harvest unit strongly compli-
cates an achievement of the optimum characteristics of a screw’s working proc-
ess, therefore the choice of the screw parameters is based on average characteris-
tic parameters of conditions of operation.

The mass productivity of the brush-screw is defined from the expression:

0=05z 9 - @H-8 (1-K) Ry ks pu 2
where:
@ <1 — factor taking into account the rotation of a material together with a rotor,
w — angular speed screw, rad/sec,
R — radius screw on the edge of a coil, m,
r —radius of a shaft screw, m,
k=r/R,
z — number of calls screw,
H —astep of a coil, m,
O — thickness of pile in a coil, m,
y — factor of filling screw with material,
rj — density of material, kg/m”,
kp — the factor taking into account the reduction of productivity at the rise of the target end
screw on a corner 3.

Fig. 2. The circuit to definition of parameters of the brush-crew stone separator

Let's define(determine) factor V.

Sy = VQR -1y — 1 = h))): 1=2-Jh(2-R—h),

where:
s —length of an arc screw (see Fig. 2).
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Productivity of the brush-screw should provide moving of all potatoes on
the sorting mountain, therefore at the constant design data the speed of the rota-
tion screw should not be smaller than:

. Ou
05-z-p-(H-6)1-k*)-R*-0-ky - p,,

The size & in expressions for i, at a constant arrangement of a trajectory of
end faces of pile being relative to the finger hills at a point of their closest ap-
proach (A = 1 in Fig. 2), it is defined as a difference of an average thickness of
the material submitted by a hill and sizes A.

The volume of material Q,, which has reached before contact with the pile
is equal to:

QM 2 Sr 'hp 'VM 'Km

where:
K, — the part material’s digging share which has reached up to screw, applied on the data [1];
S, — breadth of capture, m;
H,— depth undermining, m;
Vyr— speed of the unit, m/sec.

Let's substitute average values, characteristic for the developed combine,
and we shall receive:

Ouo>1.4:0.23-1.5-0.4 = 0.1932 = 0.2 m’/sec
At bulk density potato py,= 0.65 t/m’
Ou=0.2-650=130 kg/sec

At width finger hills S, = 1.26 m and in view of an assumption about uniform
thickness of a material on its width we determine values /., (at A= 0.02 m):
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0, A-_02

= —0.02=0.076 m=7.6sm = 7.5 sm
S,V 1.26-1.65

hmax =

Thus, knowing the value /4, from expression (3) the value y for any changes
R and r researched of the brush-crew is defined.

For the maintenance of a coordination of material balance of the unit and
maintenance of required stocks on the productivity, time fluctuations of produc-
tivity necessary for overcoming the previous working bodies, the step of a coil is
accepted equal to H = 0.2 m.

One of the important parameters of the brush-screw are the number of coils
and thickness of a pile in a coil. At a known length screw and a step, the number
of coils is defined from the expression:

1:—:—:7
H 02

L 14

Thickness of pile in a coil screw is accepted from a condition unbent by
stones of pile and their passage forward together with cloth finger hills:
0=0.03m.

Axial speed of the material which is swept away by the screw is defined by
frequency of rotation and step of a coil:

Voe=Hw-K.=0.2-129-0.8 = 0.344 m/s,

where:

K, — the factor which is taking into account sliding of a material concerning the surface of a
coil from pile.

Some researches of rigid screws [3] have proved that the maximum of effi-
ciency is reached at the relation:

H 2 l.s
R 3 3

In connection with the features of work of a deformable pile, coil screw
values A in limits from 0.15 up to 0.225 m were investigated, that corresponds to
a variation of relation H/R in limits from 1.15 up to 1.73 (see Tab. 1).

As the greatest possible layer of the material reaching up to the brush-screw
does not exceed size &~ = 0.075 m, R should be more than this size, then
Vmax < 0.4 in view of the diameter of a shaft worm. Therefore at researches (us-
ing the program MS Excell) values R varied in limits from
0.1 mup to 0.22 m.

To pass stones under a pile it is possible to provide an effect of a variation
of combinations of length and thickness of a layer, rigidity and speed of interac-
tion of strings of a pile with the submitted material.
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At not changed diameter of strings at interaction with a material it is possi-
ble to provide the necessary rigidity and an angular deviation of pile, the appro-
priate thickness of the brush-screw stone separator pile and length of strings.

In Table 1 the exemplary results of multiple calculations parameters and the
parameters of the process of the brush-screw stone separator, the programmed
spreadsheets executed with the help are shown.

Table 1. Performance data of the brush-screw stone separator

Variant z 0 [0) H J k R v Ky Pu 0

1 1.00 | 1.00 | 15.0 | 0.20 | 0.03 ] 0.300 | 0.050 | 0.2 1.0 0.65 0.377081
2 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.200 | 0.075 | 0.2 1.0 0.65 0.89505
3 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.150 | 0.100 | 0.2 1.0 0.65 1.620206
4 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.120 | 0.125 | 0.2 1.0 0.65 2.55255
5 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.100 | 0.150 | 0.2 1.0 0.65 3.692081
6 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.086 | 0.175 | 0.2 1.0 0.65 5.0388

7 1.00 | 1.00 | 15.0 | 0.20 | 0.03 | 0.075 | 0.200 | 0.2 1.0 0.65 6.592706

On graphic diagrams, which are reconstructed automatically at change of
numerical values of the initial data in spreadsheets (see Fig. 3, 4), results of the
parametrical analysis of the work of the brush-screw are shown.
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Fig. 3. Diagram Q = f(R)

The received tables and graphic diagrams allow to carry out the fast and
evident parametrical analysis of the work Of the brush-screw stone separator at a
choice of his expedient design parameters.

By the development of constructive decisions it is initially necessary to pur-
sue the purpose — to provide a wide range operative tuning AWB of the elevator-
type potato combine for the groups of characteristic conditions of operation. The
last one is achieved by the creation of functional parts of the combine with op-
portunities of the regulation of parameters determining the working process.
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2- 10 rad/s; 3 - 15 rad/s; 4 - 20 rad/s;
5 -25rad/s; 6 - 30 rad/s; 7 - 35 rad/s
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Fig. 4. Diagram Q = fly, o), [Q] — kg/sec, [w] — rad/sec. 2 — w =10; 3 — @ =15; 4 — w =20; 5 — w =25;
6 — w =30; 7— w =35. (In the Figure the letter ¢ designates factor y)

THE CONCLUSION

As experience has shown, the offered methodological concepts of a choice
of design and regime parameters for the brush-screw stone separator allow for
the creation of a design and the natural industrial tests of a harvest combine. It is
essential, however, to reduce the time of development and to define the neces-
sary law for the regulation of the screw parameters regime as to the speed of
movement, productivity, the condition and contamination of ground stones.
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SUMMARY
In this article a set of methodological concepts of a choice of design and parameters regime for the

brush-screw stone separator in a universal modular construction potato combine of the elevator-type has been
presented.



