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Theoretical Aspects of Plant Material )
Sealing in a Wedge-Shaped Canal ek

Dmytro Milko @, Viacheslav Bratishko ®, Volodymyr Kuzmenko
and Oleksandr Kholodiuk

1 Introduction

The problem of nutrients preservation is very relevant at the present stage. In partic-
ular, it concerns the storage of haylage components in the diet at the autumn—winter
period.

However, this problem can be solved by creating the latest sealing technology and
equipment for its implementation. The development of technologies for planting raw
materials in post-Soviet countries is carried out from 60 to 70 years.

The project examines the process of sealing plant stem materials in a wedge-
shaped canal analyzes the density of the monolith in the height of the layer, which
allows us to draw conclusions on further improvement of the technological pro-
cess in relation to increasing the stored nutrients amount in the continuation of the
conservation period.
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2 Problem Statement

We propose a mathematical model describing the effect of hydrostatic stresses and
components of shear viscoelastic deformations on the output density of a plant mono-
lith after passing the rectilinear and inclined sections.

We also want to emphasize that for constructing a mathematical model we used
the Kelvin—Voigt model and the generalized Hooke’s law. On the other hand, it
should be noted that the application of sealing technology in the wedge-shaped
canal is an intermediate chain in creating a new energy-efficient sealing technology,
which should take into account the physical and mechanical properties of plant stem
materials. Exactly, the same research was already done by Ashour [1], who presented
the results of compression tests performed on wheat and barley straw bales laid both
flat and on-edge and found that wheat bales are stiffer than barley bales. Compression
tests were performed by Zhang [2] and Brojan and Clouston [3] on flat and on-edge
straw bales and they found a nonlinear stress—strain behavior. Four stages for straw
bales compression were identified and an explanation for the mechanical behavior
of bales laid flat was proposed by Zhang [2]. Zhang also performed a cyclic test in
which a straw bale was subjected to three complete loading and unloading cycles,
although neither the maximum stress on the bale nor the maximum bale deformation
was kept constant from cycle to cycle.

Attempts to establish accordance between the required density of vegetative raw
materials when placed on storage and the quality of nutrients preservation did not lead
to positive results due to insufficient consideration of the physical and mechanical
properties of plant material.

3 Solution

Considering the fact that the study of vegetative raw materials sealing with high
humidity is rather specific due, is primarily, to the need to maintain initial humidity
in the range of 65-75%, it is necessary to create a mathematical model that would
allow to take into account the efforts that arise in particles of plant material. It will
allow to manage the process of compaction and release the moisture contained in
plant raw materials that ensure the silage process.

In many tasks related to the analysis of the interaction of working bodies and
any deformers with materials and environments, it is necessary to use physical equa-
tions of stress—strain relations. In this case, such a connection may be manifested
in the form of a significant influence of elastic, viscous, and plastic properties [4].
The fundamental laws and physical equations of the relationship of stresses with
deformations (deformation rates) are used for the formalization of materials and
environments in the form of models with a significant manifestation of certain types
of these properties With complex types of properties influence, in particular, when all
three properties appear in equal, the models of the connection of stresses with defor-
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Fig. 1 Calculation scheme of the process of compaction of plant raw materials in the press with
wedge-shaped canal. H, H1, HO—respectively, the height of the layer on a straight line, in the
wedge-shaped section and at the exit from the press of the previous seal, m; L, L1—respectively,
the length of the rectilinear and wedge-shaped press, m; a—tilt angle of the upper wall of the sealing
chamber, rad.; U—speed of the piston, mm/s; ¢, E&—coordinates of the surface of the press

mations (strain rates) are constructed for some cases, that is, for normal or landslide
deformations only.

The calculation scheme of the press with a wedge-shaped canal is shown in Fig. 1.

Unfortunately, such a representation of a piston shape in the curvilinear surface
form does not allow further integrating the biharmonic potential functions, so we
will simplify the shape of the piston to a flat surface.

For calculation of material density, it is necessary to consider two stages of con-
solidation. The first stage is a seal in a rectilinear section of the press and the second
stage is direct sealing in the wedge-shaped section of the press.

The sealing of the material at the end of the rectilinear part of the press can be
determined by the dependence

p=rpo+ bln[/a?,(l + rxz)}, (1)

where

op =% ;““Z hydrostatic stress;

00 initial material density;

b an empirical coefficient, determined for a particular material in condi-

tions of uneven compression;
oy, 07, Ty; ~ components of normal stresses;

_ 26T H((5 4 TV)E — 224 0)(E) +8))

X = 9(—1+v) ”
26V Q=2+ V) + 22+ )y + (5 = Tv)Ey) 3)
o, = 9(—1+v) ’
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a
Tee = 287 [ Yiz-

where

&y &, V.x shear strain rates of the material;

u module of material viscosity;
G modulus of vegetation shift;
v Poisson’s coefficient.
. u w ow n ou
&y = — 6, = —; = — 4+ —.
Tt 9z Vex 0x 0z

u, w projection of the speed of the press on the axis of the coordinates;

1 0
— b, — ————(xD, +2D.);
" 20 =) ox F P T 2P
1 d
w —(x®, +29,).

:d)z——
4(1 —v) 0z

where

®,, ¢, the Papenkich-Neuer function on the x- and z-axes;

H
kuxo(H+24+68—-10)

P, = d¢;
J (H+z+8-0)+(L+x+8—-8)?

smax
o _ kuqo(H +2+8—¢) "
) (H+z+8—0?+(L+x+8-8)72"

After integrating the reduced functions, we obtain a solution

B aHkU(—H? + H(ax — z) + 2ax2) .

T (H2+x2+2Hz + 22)(H? — 2aHx + > (32 + 22))

B aHkU(—a(x —2)(x +2) + H(x + az))

T+ a2(H? +x2+2Hz + 22)(H? — 2aHx + a2(x2 + 72))

D,

Z

4)

S

(6)

)

®)

9)

To calculate the final density of plant material at the exit from the wedge-shaped
canal, it is necessary to repeat the same operations as for a straight line plot and

substitute them in Eq. (10)
pL1 = po+b'In[yJor, (14 Tl

where 0,11 = “‘Tﬂ“ hydrostatic stress.
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Fig. 2 Graphic
representation of the density
distribution by height and
speed of the sealing press U

In a similar way, the stresses are calculated for the narrowing area L1 of the
wedge-shaped canal.

Graphical interpretation of the calculation of plant raw material density at the exit
from the wedge-shaped canal press is presented in Fig. 2.

The presented graphic dependencies are constructed according to the following
initial conditions: o = /4, pg = 200 kg/m3, H=05m,L=1m, U =0.0003 m/s.

4 Conclusion

Analyzing the foregoing, we should note the uneven distribution of the compacted
material output density at the layer layout height. Since this fact will affect the
subsequent distribution of air in the material mass, it is necessary to align the density
in the subsequent layout process before the sealing operation.

In the case of storage of compacted plant material in the wedge-shaped canal,
there will be problems associated with excessive sealing in the upper layers of plant
material and with insufficient sealing in the lower layers. However, the overall density
of the package will be within the recommended range. In turn, in the upper layers,
there will be processes of destruction of shells of cells with the flow of juice of plants.
And in the lower layers, there will be layers with excessive air, which will oxidize
crushed plants and juice that stands out from the upper layers. In the pile, all this
will reduce the nutritional value of feed materials and reduce the taste appetite of
the feed. The consequence of this will be the reluctance of animals to eat food, a
decrease in diet, reduced incline, increased cases of animal diseases, deterioration
of the sanitary and epidemiological situation in the farm in general.

In general, poor quality sealing of plant material leads not only to the loss of
nutrient elements of feed raw materials, but also to many negative economic con-
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sequences. Therefore, the uniformity of sealing of plant material for storage is very
important at the present stage of livestock development. This also applies to the pack-
ing of haymaking in rolls, where the density in the inner part is less than the outside
density. Also, these processes can be observed when creating rectangular bales. Very
often this occurs when plant raw materials are loading in the trench storage.
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