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Abstract

The solution to the problem of developing modern technology and equipment for the
production of flour confectionery is to save material resources when creating
equipment and in the production of products. Rheology plays an important role in
solving this problem, allowing you to create resource-saving technologies and
equipment designs. In this paper, theoretical and practical issues related to the
processes of mechanical processing of dough for national flour products with stuffing,
taking into account its rheological properties, are considered.
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The production of flour confectionery products is one of the most important branches
of the food industry, the level of development of which directly affects the life of the
population. Currently, the food industry produces about 5 thousand types of bakery
and confectionery products. Changing and improving the assortment, as well as
increasing the volume of production is provided by an increase in capacity. This can
be done as a result of technical re-equipment and reconstruction of existing
enterprises, updating and modernization of equipment, replacement of obsolete
equipment, early introduction into production of the latest achievements of science
and technology, construction of new large enterprises. One of the most important
directions for improving product quality and increasing production efficiency in the
bakery industry is the creation of a rational structure of industry enterprises,
mechanization and automation of production processes based on the latest
technologies [1].

To solve the problem of developing modern technology and equipment for the
production of flour confectionery, it is necessary to save material resources when
creating equipment and in the production of products. Rheology plays an important
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role in solving this problem, which makes it possible to create scientifically-based
equipment designs and rational technologies [2].

This paper provides a solution to theoretical and practical issues related to the
processes of mechanical processing of dough for national flour products with stuffing
and taking into account its rheological properties.

Fig.1 shows the bonding of two layers of dough with the shoulders 5 of a rotating roller,
which is the process of gradual compression of these layers along the vertical axis. The
diagram of the velocities of an arbitrary point of the roller shoulder at the boundary
of contact with the test during its rotation is shown in Fig.2. Here:

Vo - circumferential speed of the roller ;

Ux - the speed of the roller point along the axis X;

vy - the speed of the roller point along the axis Y;

a - the angle of capture by the fastening roller of the dough layers;

ar - the current angle of rotation of the point of the fastening roller during
compression,;

w: - the angle of rotation of the roller in time t;

w - angular velocity of the roller.
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Fig.1. The node of the longitudinal fastening of the dough layers.
1 — lower layer of dough; 2 — filling; 3 — upper layer of dough; 4 -
fastening roller; 5 — working surface of the fastening roller; 6 —
conveyor belt; 7 — support roller.
The total initial thickness of both layers of dough Ho, and the final one, after bonding
Hx. The gap between the fastening roller and the conveyor belt b. Due to elastic
recovery after bonding the dough layers Hx > b. When the layers are bonded, the flow
of the dough occurs in directions parallel to the axis of the roller.
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Fig.2. Diagram of the speeds of the point of the working surface of the rotating roller.
Considering the horizontal movement of the dough layers at a speed equal to the
circumferential velocity of the point on the working surface of the butt of the fastening
roller (Fig.2), due to which there is no sliding between the working surface of the roller
and the dough layer, the bonding process can be represented as a process of vertical
compression of the dough. In accordance with this, we take the scheme of gradual
compression of the text by a vertically descending wedge as a physical model of the
bonding process (Fig.3). We take the lower surface of the wedge to be elementary and
the area of its projection onto the plane XOZ determined by the formula:

dS =L-dl-cosa, (1)
where L - the width of the wedge equal to the width of the shoulder of the fastening
roller,
dl - the thickness of the wedge equal to the length of the elementary arc of the circle
of the fastening roller;
B - angle of inclination of the end of the wedge to the axis OX.
Vertical wedge, successively passing through the positions 1, 2, 3 (fig.3), gradually
compresses the dough layers in the direction of the axis OY. At the same time, the
compression rate of the dough by the descending blade is reduced to vy = 0. The angle
of inclination of the end of the wedge to the OX axis also decreases from [} max /10 § =
0.
When considering the fastening of the test according to the given physical model, we
assume that the flow of the test along the axes OH and OZ does not affect the bonding
process.
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To simplify the task of determining the compression force when fastening the dough
layers, we accept the following assumptions:
1. We consider the fastening roller to be an absolutely rigid body and there are no
elastic deformations in it.
2. The process of fastening the dough layers is assumed to be isometric.
3. The deformation of the transport belt along the OY axis is neglected. Due to its
insignificance compared to the deformation of the dough.
4. In the range of pressures acting during bonding, the layers of dough for national
flour products with stuffing are represented as an elastic-viscous inertial body of finite
thickness.
The resistance of the dough in this case consists of the resistances along the end and
side surfaces of the wedge [3].
Using the theorem on the change in the kinetic energy of a solid, it is possible to

determine the amount of lowering of the wedge into the dough.
mvZ  mu?

- = ZAK’ (2)

2 2

where v - the speed of the wedge movement at the end of text compression;
Ux - the speed of the wedge movement at the beginning of text compression;
Y A« - the sum of the work of all the forces acting on this compression;
m - the mass of the equivalent cargo. We will call an equivalent load a load that
reproduces a deformation curve similar to the deformation curve when the layers are
compressed.
According to [3] we write
YA = A+ A + A, (3)
where A, - operation of the load applied to the wedge;
A, - the work of the resistance force on the end surface of the wedge;
A; - the work of the resistance force on the side surface of the wedge.

A; = P-hpay (4)
P is the compression force of the dough layers by the wedge during bonding;
hmax- the value of the full lowering of the wedge during compression (Fig.5);

Ay = =P - hpay, (5)
P: - the resistance force on the end surface of the wedge ;
hmax
A3 - — fo P6 . dh, (6)

P: - the resistance force along the side surface of the wedge.
Since, when fastening the layers, the dough slightly protrudes beyond the shoulder of
the fastening roller and at the same time practically does not come into contact with
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the side surface of the shoulder, the resistance force along the side surface of the
wedge can be assumed to be zero, i.e. Ps = 0. It follows that

A3= 0.
Substituting expressions (4) and (5) into equation (3), we obtain
2_.2
PO = (b~ Pr)Bima (7)
hence the compression force is defined as
m(vE-vi
P=—"h — tPn (8)

In the final position of lowering the wedge, the speed of its movement is zero, i.e.
. Ux= Vy = O (fig3). After that, equation (8) takes the form

muv?

P=—% TP (9)

The first term of the right side of equation (9) is the inertial component of the total
force of resistance to the movement of the wedge Py, that is, you can write

muv?

P, =— (10)
" thax
P=P,+ P (11)
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Fig.3. Physical model of the bonding process of dough layers.

As a result of this scientific work, a device for molding flour products with stuffing is
proposed, in which the entire process of molding and fastening is mechanized. On the
basis of experiments, the influence of mechanical compression of the dough by the
rolls of the machine was investigated, it was revealed that the fastening of two layers
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of dough by the collars of a rotating roller is a process of constant compression of these
layers along the vertical axis. As a physical model of the bonding process of dough
layers, a scheme of gradual compression of the elastic-viscous mass by a vertically
descending wedge can be adopted. The strengthening of compression during the
bonding of the dough layers is spent on overcoming the forces of inertia and the end
resistance of the wedge.
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