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The paper considers the problem of reducing the drive power of the mechanism for separating stalk feed
from trench storages by the batch method by developing and substantiating the parameters and operating modes of
the hydraulic drive system. The structure and principle of construction of a system of hydraulic drives of the
mechanism for separating a portion of stem feed are proposed. This will significantly reduce the power of the used
hydraulic motors by simultaneously controlling the cutting speed of the monolith of stem feed and the feed of the
cutting device.

The analysis of changes in the physical and mechanical properties of stalk forage (silage and haylage),
depending on the height of occurrence in the trench storage, has been carried out.

The process of separation of the stalk feed from the feed monolith is considered. The complexity of the
technological process of separating the portion of the stalk feed from the feed monolith due to the change in the
physical and mechanical properties of the feed from the height in the trench storage and the lack of adaptation of
the loader drive to such differences is indicated.

A basic hydraulic diagram of the loader drives is proposed, which is based on the dependence of the cutting
force of the material on the parameters of cutting modes. The theoretical foundations of the calculation were
formulated by 1. Timme and later adapted to the peculiarities of the work of agricultural machinery by
V.P. Garyachkin. This theory allows you to determine the cutting force on the working body of the cutter bar
depending on the cutting speed, feed of the cutter bar and depth of cut.

An adaptive hydraulic drive of the mechanism for separating the stalk feed is proposed, which makes
it possible to coordinate the operation of the cutter bar drive with its supply. The possibility of reducing the
drive power of the mechanism for separating the stalk feed to 5-6 kW when using a system of hydraulic drives
with a mechanism for adapting the working bodies to their working conditions has been confirmed.

The modes of operation and the possibilities of increasing energy efficiency, competitiveness of
technological machines and aggregates of the agro-industrial complex, by developing and substantiating the
parameters of the hydraulic drive system, are indicated.

Key words: stalk feed, moisture, density, drive, cutting, blade, hydraulic motor, hydraulic cylinder, power.

F. 8. Table. 1. Fig. 11. Ref. 15.

1. Introduction

The current state of the development of agricultural technology provides for a further increase in the
level of hydrophysical reasons for working bodies. One of the directions of development of hydraulic drives
is to reduce the size of its elements. As a result of these changes, the pressure level of the working fluid in the
hydraulic systems rises to 500 bar and more. This, in turn, requires research to improve the design of hydraulic
machines and other devices that are part of hydraulic systems [1,2].

The development of agricultural production technologies has led to the emergence of new types of
machines. In turn, this process stimulated the expansion of the use of hydraulic drives and the creation of new
hydraulic systems with an increased level of technical characteristics.

Creation of new and improvement of existing loaders for stalk feed from trench storage facilities is
possible through the rational use of the physical and mechanical properties of feed monoliths. According to
the definition of academician V.A. Zheligovsky, three elements take part in any technological process:
material, which is the object of research; tool, or working parts of the machine that act on this material; the
energy with which the working bodies are activated [3].
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Therefore, knowledge of the physical and mechanical properties of the material and taking into account
the structural performance of the working body is a prerequisite for the research and development of any
machine, including a stalk loader. And the study of the influence of these parameters on the quality of the drive
with automatic control makes this study modern and relevant.

The purpose of the work is to study the influence of the physical and mechanical properties of the stem
feed and the structural performance of the working body on the quality of work and the drive power of the
mechanism for isolation.

2. Analysis of recent research and publications

The problem of mechanizing the unloading of stalk feed from trench storage has been around for a
long time. Therefore, there is a fairly large number of designs and developments of loaders of continuous and
periodic action, research on the study of the peculiarities of the interaction of working bodies with material,
substantiation of their geometric and kinematic parameters. But nevertheless, the issues of reliability, an
increase in the service life and the creation of an energy-saving drive for these machines [4] are relevant.

For unloading stalk feed from trench storages, different types of structures of working bodies are used,
which are located on the front hitch of the tractor (fig. 1). The most widespread are the working bodies of the
cutting type, due to the simpler operating conditions and maintenance.

The development and substantiation of the parameters of working bodies for block loading of stalk
forage (silage and haylage) with cutting bodies are devoted to the works of V.V. Krasnikov, V.F. Dubinin,
V.G. Popov, A.A. Tolkalov, A.R. Makarov., Pirkelmann H., Maier L. and others [5-7].

Lk

Fig. 1. Loaders of stalk feed from a silage trench:
a — milling working body Nortec (USA), b — cutting grip V-LOAD Shear (Nimechchnina),
¢ — forage cutter V-Load Cutter BVL (Germany), d — feed mixer Trioliet Triotrac M (Netherlands)

Academician V.P. Goryachkin developed the foundations of the scientific theory of cutting devices [8].
The works of L.P. Kramarenko and experimental research Karpenko O.M. formed the basis of the standard for
cutting devices [9]. Technological foundations for sliding cutting were developed by V.A. Zheligovskiy [10].
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V.P. Garyachkin, I.F. Vasilenko, A.l. Ishlinskiy[8], N.V. Sablik and V.N. Gyacheva proposed a different
approach and method for the analytical determination of the cutting speed of the stalks of agricultural plants.
Their work is devoted to the study of the possibility of using grooved segments for cutting devices of mowers
[9]. Bosoy E.S. conducted a study of a cutting knife, the edge of which lost balance in the form of a wedge
with a straight, convex and concave chamfer. Research by N. Reznik are aimed at generalizing the scientific,
theoretical and experimental foundations of the process of cutting with a blade [3].

It should be noted that the cutting process is the most common type of destruction of agricultural
materials [3, 8, 10]. It is from him that the features and design parameters of the cutting elements determine
the energy consumption for the technological process of unloading the stalk feed and the performance of the
loader. Cutting stem feed is a complex mechanical process in which material properties such as elasticity and
viscosity are of paramount importance. The presence of such phenomena as relaxation and creep in silage and
haylage makes it possible to classify these materials as elastic-binder materials. They are tissues formed by a
spatial fibrous system, the voids of which are filled with liquid and gas. During deformation, the fibers of the
material are pressed against the rare and gaseous medium that surrounds them, forcing it to move into less
stressed zones. For elastic - binding materials, the characteristic dependence of deformation not only on its
size, but also on the rate at which it develops [8].

On the diagrams that characterize the
properties of the material, elasticity is depicted in the
form of a spring, the deformation of which obeys
Hooke's law, and viscosity - in the form of a cylinder
with a viscous fluid [3, 8, 10]. Here the movement of
the piston is described by Newton's law. Sequential
and parallel connection of the given elements allow
simulating the deformation of materials with
complex properties. Elastic - binding properties of
the considered forage massifs can be most fully
characterized by a physical model, which contains
three series-connected elements (fig. 2). The
proposed model quite fully reflects the picture of the
circulation of fibrous plant materials under stress. It
F includes the element E; of instant elasticity, the
element E, of retarded elasticity, connected in
parallel with the viscosity element 2, the flow
element 1, connected in series with the first two.

This model makes it possible to explain the essence of the deformation process of elastic - binding
materials under load. With a fast loading of the model, its complete deformation occurs mainly due to the
compression of the spring - element E;. When fixed in a compressed state, the spring Ex moves the piston of
the element 71. As the piston progresses, the spring Ei1 expands and the stress decreases. This is a typical stress
relaxation pattern at constant strain.

The additional load at the initial moment of time causes rapid deformation due to the compression of
the spring of the element E;, and then - gradual deformation due to the compression of the spring of the element
E, together with the movement of the piston of the element #.. When the load is removed, the spring of element
E; will be released instantly, and E, can only be released gradually, acting on the piston of element 5. The
position of the piston of element #; will fix the permanent deformation.

The rheological model makes it possible to explain the nature of the behavior of elastic-binding
materials in the process of their loading and to represent the process of interaction of the edge and bevels of
the blade with the material, especially taking into account the cutting speed.

When cutting with a blade, a new surface is formed directly in the area of contact of the cutting edge
with the material. The separation of the material into parts under the action of the blade transfers the process
of the previous compression of the material by it to the occurrence of a breaking stress G,. The moment of its
occurrence is determined by the value of the critical cutting force Fcrapplied to the knife. When cutting elastic
- binding materials, the force F¢, at which the process of compression of the material is completed and its
cutting begins, is the maximum of all the forces that arise during the cutting process. The conditions under
which the cutting force takes on the value of F are critical. When the blade interacts with the material, the
force Fcr becomes the most important.

Fig. 2. Rheological model of plant material
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Consider the interaction of the blade with the
material when it enters the material in the direction
normal to the edge.

When a single-chamfered blade deepens into
a layer of material with a thickness h (fig. 3) by the
value hg, when a destructive stress G, arises at the
edge of the blade, the cutting process begins. The
following forces act on it: F¢ — resistance to
destruction of the material under the edge of the
blade; Forx — the forces of compression by the
material, which have a horizontal direction and act
. . . . on the edge of the blade; Fsx — resistance of the

Fig. 3. Forceful interaction of the blade with the 5/ mation to compression by the edge of the blade,
material directed upwards.
The force N acts on the edge of the blade, which is the sum of the projections of the forces Fs and Fot
on the direction of the normal:

N= FsSinf+ FonCOSp (D)
The friction force Fy arises from the force on the chamfer
F#=Nf, (2)

where f=tgp — coefficient of friction of the material against the edge of the blade, ¢ — is the angle of
friction.
Similarly, the friction force Fy arises on the back side of the blade from the force Fou::
Fu= Font f. (3)
Force Fy is directed vertically upwards, and Fy — at an angle g of inclination of the edge of the blade.
The vertical projection of the force Fy is equal to

F'v= Ficosf 4)
Substitute the value N from expression (1) into expression (2), we get
1.
Fout — (Fst Ssin 2 +F,, cos’ ﬂj ®)

At the moment of the beginning of cutting, a critical force is applied to the knife, must overcome the

sum of all forces that act in the vertical direction:
Fu=Fst+FontFuat F'yr. (6)
The quality and nutritional value of the feed left in the trench also depends on the work of the cutting
body of the stalk loader. Therefore, the cutting body, after acting on the feed monolith, must leave an equal
and not ripped surface, which will exclude the appearance of secondary fermentation of the feed. In the
presence of this process in the forage mass, it is intensely heated, which leads to the loss of energy in the form
of heat and the forage becomes less tasty for farm animals. Smoothly cut stalk feed during unloading retains
its firm, stable shape and quality longer [4, 5].

Fig. 4. Quality indicators of the cutting apparatus of the stalk feed loader:
a — decrease in feed heating, b — preservation of feed density

The work of the cutting bodies of stalk feed loaders, made in the form of knives, takes place in difficult
conditions of squeezing them by the forage mass, different mechanical-physical-mechanical properties of the
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feed, which vary both in depth and in width, and research of such cutting bodies is not enough. This restrains
the level of developments in the mechanization of loading and unloading operations in the extraction of stalk
feed.

3. Research results

In the context of the urgent need to increase the energy efficiency and economic efficiency of
agricultural machines, the directions of creating means of mechanization of operations, the separation and
unloading of stem feed, in which the principle of adaptation of the work of executive hydraulic drives to the
conditions of their load is implemented [1, 9].

The use of this principle of regulating the operating modes of the hydraulic drive system will
significantly reduce the power of the executive hydraulic motors, as well as reduce the loss of time during
stops caused by overloads of the cutting mechanisms.

The energy efficiency of most industrial hydraulic systems depends, first of all, on two factors - the
circuit design and the type of pumping unit and the operating modes of the actuators [1, 2, 5, 9].

The study of the physical and mechanical properties of the stem feed and the design and technological
parameters of the working body was carried out at the branch named after V.I. Michurina ZAO Zernoprodukt
MHP, Vinnytsia region, Khmel-growing region during 2018-2020 in ground silos. The shelf life of the stem
feed was 3 to 9 months.

Stem feeds stored in trench storage are characterized by botanical and fractional composition, density
and moisture content, which vary in width and depth, and in turn affect the operation of the separation
mechanism [11, 12]. Therefore, the program for the study of the physical and mechanical properties of stem
feed is provided to investigate:

- moisture content of stem feed in the trench storage;

- the density of the feed in the trench;

- fractional composition of the mass.

The study of these properties was carried out directly in trench storages, since, as the experience of
working with piles of stem feed shows, it is practically impossible to cut out a block of feed for laboratory
studies of its physical and mechanical properties without changing its internal connections, and carrying out
this research leads to distortion results.

To determine the moisture content and fractional composition of the fodder monolith, an average
fodder sample was taken. Stem feed (silage, haylage) was taken from the trench in small portions from different
sections of the cut of the forage massif. After that, it was mixed and an average sample weighing 1000 g was
taken for research [11].

The study of physical and mechanical properties was carried out according to DSTU 4782-2007 [12].
When conducting studies of physical and mechanical properties, the culture from which the feed was prepared,
the phase of its development, moisture and bulk density, the fractional composition with the distribution of
particles into classes - less than 3 were noted; 3,1-5; 5,1-7; 7,1-10; 10,1-12; 12,1-15; 15,1-20 mm and more
than 20 mm (fig. 5).

The dlstrlbutlon of the fractional composmon of the crushed mass mto t/r}e classes glven m{ table 1.

Fig. 5. Shredded mass with a theoretical rod length of 5 mm (a), with a theoretical rod length of 20 mm (b)

It should be noted that today's forage harvesters allow you to regulate the degree of crushing of green
mass within wide limits, which excludes additional crushing of the stalk feed before feeding [13].
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Table 1
Distribution of fractional composition into particles

Particleclass 1 —sample _2 —sample _3 —sample Ayerage value

(length, mm) Weéght, % We(;ght, % Weéght, % Weéght, %
Less than 3 57 4,07 30 3,0 52 5,2 46,33 4,09
3,1-5 72 5,14 37 3,7 49 4,9 52,67 4,58
51-7 154 11,00 90 9,0 125 12,5 123,00 10,83
7,1-10 356 25,43 232 23,2 210 21,0 266,0 23,21
10,1-12 314 22,43 217 21,7 233 23,3 254,67 23,55
12,1-15 136 9,72 151 15,1 132 13,2 139,66 12,67
15,1-20 149 10,64 143 14,3 98 9,8 130,0 11,58
More than 20 162 11,57 100 10,0 101 10,1 121,0 9,49
Sampleweight, g 1400 100 1000 100 1000 100 1133,3 100

According to GOST 4782-2007, the moisture content of the silage mass was determined by this
method. The weighing bottle was hung up to 5 g of chopped feed and dried in an oven at 130°C for 40 minutes.
After drying and cooling in an exsicator, the weighing bottles were weighed again and the moisture content of
the mass was determined according to the difference in weight before and after drying according to GOST
27548-87 according to the formula [11]

W, =100, W

where m — is the mass of the sample before drying, g; m,— is the mass of the sample after drying, g.

Figure 6 shows the change in the moisture content of the stem feed from the height H of bedding in
the storage, from which it can be seen that the moisture content of the forage at the base is higher than in the
upper layers of the forage monolith. An increase in the moisture content of the stalk feed in the lower layers
has a positive effect on the operation of the loader cutterbar, since excess moisture in the feed reduces the

friction of the moving elements.
90

77.4
80 74,1

63,2 , § 61,3

M Silo
moisture
L%

0 0,5 1 1,5 2 2,5
Sampling height, m

Fig. 6. Changes in feed moisture at bedding height

The density of the forage monolith was determined as follows: a 100 x 50 x 20 cm metal box without
a bottom (volume 0.1 m®) was placed on the compacted mass. Then the mass was chosen from its inner side
until the box settled to the upper edge and weighed on a balance and the density was determined according to
the well-known formula [11].

: (8)

where p — is the density of the silo, kg/m3, m — is the mass of the cube, kg, V — is the volume of the
cube, m®.

The density of the stem feed, as well as the moisture, varies from the base to the upper layers of the
feed, which can be seen from fig. 7.

<|3

p:
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When using a double knife [6], the change in the drive power of the cutting mechanism occurs
according to the response surface shown in fig. 8. According to the dependences shown, the power of the
double knife drive increases with increased feed rates, and with an increase in feed from 0.018 m/s to 0.028
m/s, the double knife drive power required to create an effective cutting force increases by more than 2.5 times.

At the same time, the research results of I1.G. Pavlova testify that with an increase in the cutting speed
(frequency of rotation of the drive motor) from 3 to 8 r/s, the level of the knife drive power can be reduced

from 5,5 kW to 4,75 kW (at a feed rate of 0,028 m/s) [7] .
900
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Fig. 7. Change in density of feed depending on the height of the storage

At the same time, the power of the double knife feed drive, while ensuring the rational performance of
the stalk loader (feed rate 0,02 — 0,028 m/s), varies within 0,1 — 0,8 kW.

It should be noted that the required power according to the one shown in fig. 8 of the graph can be
reduced to 2 kW depending on the feed rate and the rotation frequency.
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Fig. 8. Double knife drive power

The recommended operating modes of the mechanism for the separation of stalk feed provide for fixed
values of the cutting speed and feed rate, in fact, without providing for a possible significant increase in cutting
forces when corn rosettes and other inclusions of increased hardness fall under the knife (or changes in the
physical and mechanical properties of feed along the height of occurrence). Obviously, it is these circumstances
that are the reason for the increase by foreign manufacturers of the drive power of the cutting mechanism and
the feed drive of the U — like frame. Their total capacity in machines manufactured by European leading firms
is 20 to 25 kW.

The indicated fact of a significant excess of the power of the movers of the mechanisms for isolating
the stalk feed over the theoretically and experimentally substantiated values of the required power of the
movers indicates the need to improve the system of hydraulic drives of loaders. The direction of improvement
should provide for the coordination of the regulation of the cutting speed and feed rate in order to stabilize the
total power of these reasons, which will provide a significant energy-saving effect.
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To reduce the energy consumption of the hydraulic drive system of the mechanism for separating stalk
feed, the structure and construction principle of the hydraulic drive system was developed, which allow
realizing the effect of a significant reduction in the power of the drive hydraulic motors by adapting their

operating modes to the state of the technological system [14, 15].
A schematic diagram of the hydraulic drive system of the mechanism for separating stalk feed,

developed according to the above, is shown in fig. 9.
/8

7

7 9
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=

Fig. 9. Hydraulic diagram of the hydraulic drive system of the mechanism for separating stalk feed

The principle of operation of this system provides for the regulation of the U — like frame feed
according to the change in the cutting force that acts on the cutting device, as a result of which the energy
consumption for the separation of the block portion of the stalk feed is stabilized with fluctuations in the
parameters that determine the characteristics of the cutting process.

The drive system of the mechanism for separating stalk feed contains a hydraulic tank 1, a safety valve
2, a hydraulic pump 3, a spool flow divider 4 with a control line 13, a controlled spool 12, a hydraulic motor
7, a high pressure hydraulic line 5,6, a three-line three-position valve with electro-hydraulic control 8 ,
hydraulic cylinder 9, hydraulic drain lines 10, filter 11, check valve 17, throttle 16,18 and spring 14 (fig. 9).

The proposed use of a flow divider 4 between the cutting mechanism 7 and the feed hydraulic cylinder
9 makes it possible to coordinate a decrease in its feed with an increase in the load on the cutter, which in turn
leads to a decrease in the cutting force (fig. 10). At the same time, this increases the supply of working fluid
to the cutter bar drive hydraulic motor, which also helps to reduce the cutting force and the required power of
the cutter bar hydraulic drive.

7 6 8 9
I — s |
T
S - L
B
%E@ | | 7 18
el N

supply of working liquid
Fig. 10. Adjustment of giving at increase of the mechanism for separation on the cutting device of
the loader of stalk forages

At the same time, as the cutting force decreases, the distributor reduces the supply of working fluid to

the hydraulic motor of the cutting device and accordingly increases its supply to the hydraulic cylinder of the
cutting drive, which allows to reduce the cutting force of the stalk feed monolith.
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One of the effective tools for the implementation of this task is the reasonable application of modern
calculation methods, optimal and automated design with further modeling of the main processes, as well as a
multifactor experiment.

Figure 11 shows the obtained as a result of mathematical modeling of the adaptive system of the

hydraul}c drive of the mechanism for separation of stem forages using the software product MathCad.
2 \ 0

aq,a,a, q _ v, W 02
07 m/min | Vg, x0°'m/s x10; rad/s
a1 | ! | ] % | a5 [7AY//k
/\K/\Ni__ i
r—\/\/}\,\L,\ ar T T
0 < ‘ - | 0 | .
a05
-7 : -5 0
0 200 400 600 800 ixI0's 0 200 400 600 800 KOs g 200 400 600 800 KOs
a b c

Fig.11. Transient operation of the hydraulic drive system the mechanism for separation of stalk
forages at change of loading on the cutting device:
a — expenses of liquid which are consumed by the pump (Qn), the hydraulic motor (Q1) and the
hydraulic cylinder (Q); b — changing the feed rate of the U-shaped frame by the hydraulic cylinder;
¢ — change in the angular velocity of the hydraulic motor

Transients are calculated at the following initial values of parameters of system of hydraulic drives of
the mechanism for separation of stalk forages:Q.=2,38-10* m%s, a=0,5 mm; ;=6 mm, ;=2 mm; x=0,62;
Po=10,0 MPa; p=850 kg/m?; K=0,6-10° m?/N, d;q=27 mm; I=100 kg-m?, my=45 Kkg; f=2,5-10°N"s; Ds=63
mm; Wi= W,= W,=100 cm?; W5=25 cm?; by;=1 mm; b,=2 mm; C,=0,5 N/mm.

Here we denote: Qn — pump flow, a — width of the working edge of the controlled spool 1, I — spool
stroke to the right, I, — spool stroke to the left, x — flow rate, po — initial value of pump pressure, p — density of
the working fluid, K is the coefficient of compressibility of the working fluid, d.o is the diameter of the
controlled spool, | is the moment of inertia on the hydraulic motor shaft, my is the reduced mass, £ is the
coefficient of binding friction, Dy is the diameter of the hydraulic cylinder, W1, W2, W3, W, are the volumes of
the system, bi, b, — the distance to the stops that limit the movement of the spool, C,r — the stiffness of the
spring of the controlled spool.

As a result of mathematical modeling of work of adaptive system of hydraulic drives of the mechanism
for separation of stalk forages the possibility of adaptation of working bodies to conditions of their work is
proved. The transient process(fig. 11), which occurs when starting the adaptive hydraulic system of the block-
batch separator, is completed fairly quickly. By four hundred milliseconds with access to stable values - the
system works steadily. Moreover, in this case, the system of hydraulic actuators in the start-up process reaches
the level of the value of the supply of working fluid to the hydraulic motor and the hydraulic cylinder of the
supply U — like frame Qi =Q2=0.10 x 10" m¥min (fig. 11, a).

After loading the initial parts of the hydraulic motors with the cutting moment and the feed force for
400 ms, the transient process also has the character of damping, which indicates that the hydraulic drive system
does not lose stability under load, but there is a change in fluid supply to the hydraulic motor Q; =0.16 x 10!
m3/min. (increases by 50 %), and the supply of working fluid to the hydraulic cylinder of the feed drive
U — like frame decreases to the value of Q, = 0.05 x 10"t m3/min, which corresponds to a decrease in the feed
rate by 50 %. In this case, the angular velocity of the hydraulic motor shaft increases to the value of wgm =0.1
x 10%rad/s (fig. 11, c), and the feed rate of the U — like frame decreases to Vsne = 2.8 - 103 m/s.

Thus, it is shown that in this case the possibility of implementing the principle of interconnected
control of the parameters of the cutting mode — speed and feed of the cutting tool when changing the cutting
force, which determines the load on the hydraulic motor shaft of the cutting tool. Reducing the supply of
U — like frame while increasing the speed of the motor according to the laws that determine the cutting force
on the cutting tool, should reduce the load on the drive motors and thus stabilize the value of power required
to separate the block portion of the stem feed.

Proportional changes in the speeds of the working bodies — the hydraulic motor of the cutting device
and the hydraulic cylinder of the drive U — such a frame, under certain conditions may not always provide a
proportional change in cutting force, which is determined by the dependence of cutting force on cutting and
feed speeds.
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Working bodies of agricultural machines requires further research, which should show directions for

solving the problem of reducing the impact of load instability of the working bodies on the energy-saving
properties of agricultural machine drives.

4. Conclusion

Effective operation of the loader of stalk forages is possible only at the conditions of the maximum
adaptation to technological process and physical and mechanical properties of the unloaded forage.
Experimental studies of physico-mechanical and technological properties of feed monoliths allow to establish:

- with increasing height of the massif, the density of stem forages decreases (silage from 830 kg/m?in
the base to 743 kg/m? at a height of 2,5 m and haylage from 675 kg/m? in the base to 562 kg/m? at a height of
2,5m).

- humidity also varies from the height of the silage from 77 to 61 %, haylage from 63 to 53 %.

The power of the double knife drive increases with increased feed speeds, and when the feed increases
from 0.018 m/s to 0.028 m/s, the power of the double knife drive required to create an effective cutting force
increases more than 2,5 times.

Therefore at design of loaders of stalk forages it is necessary to consider physical and mechanical
properties of forage as their change leads to disturbance and temporary overloads of hydraulic system of the
loader; constructive executions of working bodies which directly influence power of a drive of the loader of
stalk forages.
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BILJIMB ®I3UKO-MEXAHIYHUX BJACTUBOCTEM CTEBJIOBOI'O KOPMY TA
KOHCTPYKTHUBHOI'O BUKOHAHHSA POBOY0I'O OPTAHY HA ITIOTYZKHICTb ITPUBOJA
MEXAHI3ZMY JJIA BIIOKPEMJIEHHA

Po3zenaoacmoca npobnema 3meHuieHHs: NOMYHCHOCHI NPUBOOA MeXAHIZMY O 8I0OKPEMACHHS
CcmebnoBUX KOPMIE 3 MPAHUIEUHUX CXO8UW NOPYILIHUM MEMOOOM ULIAXOM PO3POOKU Ma OOTPYHMYBAHHS
napamempieé cucmemu 2iOpagIiuHUX HPUE0Ois. 3anpoOnOHOBAHO NPUHYUNOBO HOBY N00OY008Y cucmemu
2i0ponpueoodie mexanizmy OJia 8i00KpeMaeH sl cmebI08020 KOPMY, KA 00360JA€ 3MEHUUMU NOMYICHICMb
BUKOHABUUX 2I0pO0BUSYHIE (2i0pomomopa ma 2iOpoyuniHopa) 3a PaxyHoK  OOHOYACHO20 pe2yNtO6aHHs
WBUOKOCTI PI3aHHS MOHONIMA cMebi08020 KOPMY Ma ROOAY PI3AIbHO20 anapamy.

IIpoananizoeano 3minu Qizuxo-mexaHiuHux eracmueocmeli cmebIo8020 KOPMY (CUTOCY MA CIHAXCY) 6
3a7€ICHOCHI IO GUCOMU 3ANACAHHA 8 MPAHUETHOMY CXOBULYL.

Poszensmnymo npoyec 8idokpemnenns cmeonogo2o kopmy 6i0 KOpMoBo2o MOHOMIMY. 3a3HaA1eHo CKIAOHICTb
MEXHONI02IYHO20 Npoyecy BI0OKpeMIeHHs NOpYii cmebli08020 KOPMY 6i0 KOPMOBO2O MOHOMINMY 3d PAXYHOK 3MIHU
DI3UKO-MEXAHTUHUX GIACTNUBOCMEN KOPMY 610 GUCOMU 3ASI2AHHS 8 MPAHWEITHOMY CXO8UWL MA GIOCYMHICMb
aoanmayii npuooa HaBAHMA}Cysaua 00 Makux nepenaois.

3anpononosana ciopasniyna cucmema npugoodie Mexamizmy Ons GI0OKpeMICHHSI CMeb08020 KOPMY,
OCHOBAHA HA BIOOMI 3ANIEAHCHOCI CUNU PI3AHHS POCTIUHHO20 MAMePIany 6i0 NApaAMempie pexicumie pi3anis, sKi
oyau ocnosani 1.Time i 6 nodanvuiomy adanmoeai 0o ocobausocmetl pobomu CiibCbK020CHO0APChKOi MEXHIKU
B.I1. I'opauxinum, wo 003601510Mb GUSHAUUMU 3VCUILIA  PI3AHHA HA POOOHOMY Op2aHi Pi3aibHO20 anapamy npu
SMIHHUX RApamempax WeUOKOCMI pI3anus, nooaui pi3aibHO20 anapamy ma 2AubOUHU 6PI3AHHS DI3AIbHOO
anapamy.

3anpononosano adanmuenuill 2i0pasuiyHUll NPUEOO Mexauismy O Gi0OKpeMIeHHs CMedNI08020
KOpMY, AKUU 003605€ Y3200Uumu pobomy npugooa pizanvio2o anapamy 3 1io2o nooaveio. Iliomeepoiceno
MOXHCIUGICMb 3MEHUMEHHS.  NOMYAHCHOCII NPUBOOA MeXAHI3MY O/ 8i0OKpeMIeHHs CMeb108020 KOPpMY 00
5-6 kBm npu suxopucmanti cucmemu 2iOpasiiuHux NpUBooi8 3 MexaHizmom aoanmayii pooouux opeanis 0o
yMO8 ix pobomu.

3asznaueni  peosicumu  pobomu  ma  MOMNCAUBOCMI — NIOGUWEHHS — eHepeoeheKmuUeHOCHI,
KOHKYPEHMOCHPOMONCHOCMI MeXHON02IuHUX Mawiun i acpecamig AIIK, winaxom po3spobku ma o0TpyHmyeans
napamempia cucmemu iopasniuHux npusoois.

Knwuogi cnosa: cmednosuti Kopm, mexauismy Onst 6i00KpEeMACHHS, B0N02ICMb, WINbHICMb, NPUBOO,
Ppi3anHs, 1e30, 2i0pomMomop, 2iOpoyuriHop, NOMYIICHICMb.

@.8. Tab. 1. Puc. 11. JIim. 15.
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BJIUSIHUE ®U3NKO-MEXAHUYECKHX CBOMCTB CTEBEJIBHBIX KOPMOB U
KOHCTPYKTHUBHOI'O UCITIOJTHEHUSA PABOYET'O OPTAHA HA MOIIIHOCTHB ITIPUBOJA
MEXAHU3MA U151 OTAEJIEHUSA

Paccmampusaemcs npobrema ymeHvuleHus MOWHOCMU NPUBOOA MeXAHUZMA Ol OMOeneHUs
CcmebnegbiX KOPMO8 ¢ MPAHULEUHBIX XPAHUIUL NOPYUOHHBIM MEMOOOM HYymeM pa3spabomKu u 060CHOBAHUS.
napamempos Cucmemvl 2UOPABIUYECKUX NPpu6000s. IIpednodiceno NpUHYUNUATLHO HOB0€ NOCHMPOeHUe
cucmembvl 2UOPONPUBOOOE MEXAHUZMA 015 OMOeNeHUsi Cebe020 KopMa, KOMopasi NO36015em YMEeHbULUMb
MOWHOCMb UCHOTIHUMENBHBIX 2UOpodsueamenetl (2U0poMomopa u 2UOPOYUIUHOPQ) 3a cuem 0OHOBPEMEHHO20
Pezynuposanust CKOpOCMU pe3Ku MOHOIUMA CMed1e8020 KOPMA U ROOAYU PedCyeco annapamd.

Ipoananuzuposanvt usMeHeHUs OUIUKO-MEXAHUYEeCKUX CBOUCmE cmebiesoco Kopma (cunoca u
ceHaica) 8 3a8UCUMOCIU OM 8bICOMbL 3ALE2AHUS 8 MPAHUUEIHOM XPAHUTUWe.

Paccmompen npoyecc omoenenus cmebnegoco Kopma om KOpMoeo2o mouoauma. Ommeyeno
CILOJICHOCMb MEXHOI02UHEeCKO20 Npoyecca omoeieHust ROpyul Cmehiego2o KOpma om KOpMo8020 MOHOIUMA
3a cuem UsMEHeHUs. (DUUKO-MEXAHUYECKUX CBOUCME KOpMA 8 3ABUCUMOCHIU OM BbICOMbl 3A/e2aHUs 6
MPAHWETHOM XPanuauue U Omcymcmaue a0anmayui npuo0a NOZPY3uUKa K makum nepenaoam.

Ilpeonoocennasn eudpagnuueckas cucmema npugooos MexanHusma 0jisi OmoeieHus: cmeobe8o20 KOpma,
OCHOBAHHASL HA U3BECMHOU 3AGUCUMOCHIU CUTbl PE3aHUsl PACMUMENbHO20 MAMepuaid om napamempos
peocumos pesanus, Komopule Oviiu ocrhosanvl I.Tume u 8 danvHeliuem a0anmupo8aHvl K 0COOEHHOCHAM
pabomwl cenvckoxossaicmaento mexuuxu B.I1 Topsukuna, nozeonsiowue onpedeiums ycuiue pe3anus Ha
pabouem opeane pexcywie2o annapama npu NePeMenHbix napamempax CKopoCmu pe3aniist, NOOauU pedlicyujeco
annapama u 2nyouHvl 6Pe3KU Pexcyyeco annapama.

IIpeonooicen adanmugnvlil 2UOPAGIUYECKULL NPUBOD MeXaHU3Ma OJis OMOeneHuUsl cmeblies02o KopMd,
KOMOPWLIl RO360SIEN CO2LACO8aMb pabomy npueooda peicyuje2o annapama c e2o nodaueti. Illoomeepoicoena
603MOJICHOCTb YMEHbULEHUS MOUWHOCIU NPUBOOA MEXAHUZMA OISl OMOeNeHUsi Cmedie8o2o Kopma 0o 5-6 kBm
npU UCNOTL30BAHUU CUCTEMBL 2UOPABTUYECKUX NPUBOOO8 C MEXAHUSMOM A0aAnmayuu padodux opeaHos K
VCAOBUAM UX pAOOMbL.

Vkazaunvie  pesicumvr  pabomvl U 603MONCHOCMU  NOBbUUEHUSL  IHEPLOIPPexmusHocmiu,
KOHKYPEHMOCNOCOOHOCY TMEeXHONI02UYeCKUX Mawun u acpecamos AIIK nymem pazpabomxu u 0ob6ocHosanus
napamempos cucmemvl 2UOPABIUYECKUX NPUBOA08.

Knrouesvie cnosa: cmebnesoi Kopm, MeXanu3ma 0as OMOeneHusl, GIANCHOCHb, IOMHOCTb, HPUBOO,
pesKu, 1e36ue, 2u0POMOmMop, 2UOPOYUTUHOP, MOUHOCHIb.

@.8. Tab. 1. Puc. 11. Jlim. 15.
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