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Abstract. The article is devoted to increasing the efficiency of the combined feed mixer in the process of feeding
animals. The unit provides simultaneous grinding and mixing of the components of the feed ration, both in the
forage area and during transportation, followed by their dosed distribution. With the simultaneous movement of
the mobile feed mixer along the road and the operation of the screw mixer, dynamic forces arise, leading to
oscillations of the unit in the transverse and longitudinal directions, relative to its axis. Compensation for these
movements is carried out by the tires of the unit, which leads to their intensive wear. The results of studies that
allow to identify and balance the dynamic loads that occur in the structural elements of the unit during the
preparation and distribution of feed are presented. A dynamic and mathematical model of a mobile combined feed
preparation unit has been developed. The resulting graphs show the dynamics of its work, the nature of the change
in loads. An analysis of the graphs proves that when the mobile mixer moves, the tires and the mixer itself vibrate,
which can lead to a loss of balance of the unit. To avoid such a phenomenon, it is proposed to reduce the unbalance
of the rotor of the unit. To do this, it is proposed to improve the screw working body, which is made two-way with
a phase shift of the screws. After the improvement, the maximum deflection angle of the bunker of the feed
preparation unit is 0.034 rad. The speed of bending oscillations does not exceed + 1 s™*. The angular acceleration
of the screw at the beginning has a jerk, then it reaches a steady motion with a constant nature of the change in
oscillations within + 6.3 s2. The justified rational design of the rotor in the form of a two-way conical auger makes
it possible to increase the durability of the tires of the mobile combined feed preparation unit by 16-20%.
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Introduction

Depending on the technology of fodder preparation, when choosing a set of machines and
equipment, one should adhere to rational modern methodological approaches and promising solutions
[1; 2]. At the present stage development of animal husbandry, both in the world practice and in Ukraine,
for preparation of feed mixture, combined feed preparation units are becoming more common,
combining the operations of grinding, mixing, and provide delivery and metered distribution of feed.
Their positive attributes are mobility, simplicity of the design and profitability. When analyzing the
operation of the mobile combined feed preparation unit, wear of the wheel tread was found (Fig. 1),
which, in our opinion, is associated with a change in the center of mass of the feed mixture inside the
hopper in the process of simultaneous grinding and mixing the ingredients of the feed ration by the auger
working body.

Fig. 1. Wear of the forage mixer wheel tread

The process of preparation the feed mixture (grinding and mixing) is carried out by a single-thread
screw working body of a cone-shaped type. With the simultaneous movement of the mobile feed
preparation unit along the road and the operation of the screw mixer, dynamic forces arise that lead to
the movement of the unit in the transverse and longitudinal directions, relative to its axis. Compensation
for these movements is carried out by the tires of the unit, which leads to their intensive wear. To
eliminate wear of the tire tread and ensure stability of the unit, a utility model patent No. 62767 was
proposed, which provides for changes in the design of the working body [3]. The lower expanded part is
equipped with an additional helical winding, that is, two helical windings are located symmetrically to each
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other, while one of the windings has a limited length. Studies [4-9] indicate that an increase in the number
of turns leads to improvement in mixing of feed components with each other, since the speed of the particle
movement increases. Problems of balancing dynamic loads exist in other industries as well. For example,
in [10], it was proposed to dynamically balance the drive mechanism of a roller molding plant by installing
a recuperative drive. The method of dynamic calculation of machines with elastic and elastic-dissipative
links is given in [11; 12].

Materials and methods

To determine the dynamic loads in the structural elements of the mobile feed mixer, a three-mass
dynamic model with four degrees of freedom was built (Fig. 2). Note that the characteristics of the drive
are not considered, if the shaft of the screw mixer has a constant angular velocity, and the elastic
properties of the suspension and tires are considered, and the other links of the feed preparation unit are
considered to be absolutely rigid bodies.
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Fig. 2. Dynamic model of the mobile feed mixer: ¢ — mixer rotation angle; C, — transverse stiffness
of tires interacting with the road surface; C, — suspension stiffness in transverse direction;

m; = m3 — wheel weights; m, — mixer weight; Fo — centrifugal force from the unbalanced mass of the
mixing feed mixture; F — projection of the centrifugal force from the unbalanced mass of the load on
the transverse axis; Fx — frictional force between the wheel and the road surface; x1, x2, x3 — linear
coordinates of the centers of mass of wheels with suspensions and a mixer in the transverse direction,
which, together with the angular coordinate, are taken as generalized coordinates; d — distance to the
center of mass of the mixer from the axis of the wheels in the vertical direction

To construct a mathematical model of the mixer motion dynamics, the Lagrange equation of the
second kind was used
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where 7T—Kinetic energy of the system;
IT— potential energy system;
X1, X2, x3— transverse linear coordinates of the centers of mass, respectively, of the first,
second and third masses;
Qx1, Qx2, Qxs, Q, — generalized forces corresponding to generalized coordinates xi, x»,
xzand ¢.
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Kinetic energy of the system:

1 1 1 . 1 .
T:Eml)'clz+Em2)'622+§12(p2+§m3x§, (2)
where [, — moment of inertia of the mixer rotor and the mixture contained in it relative to the axis
of rotation.
Note that

or _ot _or _ a1 _,
dx, dx, dx, de

since the Kinetic energy does not depend on generalized coordinates but depends only on
generalized velocities.

The potential energy of the system is represented by the dependence:
1

= ECle +%C2((x2 +dsin t)—x, )’ +%CK¢2 +...+%Cz(x3 —(x, +dsin @t)y’ +%Clx§ N )
where C, — angular torsional stiffness, which, in turn, is determined by the formula:

M

- 4)
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where M — moment causing angular deformation of the mixer shaft Ag.

Generalized forces corresponding to generalized coordinates xi, x2, xs, ¢ are defined by
dependencies:

Qx1 =—F :_[ml"'%jg'f'smxl;

Q, =F =F,cosat = ma*R cos wt;

- (%)
Q, =-F« :_(m1+72jg- f-sinXx,;
Q, =-Fd = —mw?Rd cos wt,

where f— coefficient of friction between the wheels and the road surface;
m — mass of the mixture.

It should be noted that at C1x1 > Fx emergency work will be observed.

Substituting expressions (2-5) into the system of equations (1), we obtain differential equations of
motion of the feed preparation unit:

m¥%, = —(mi +%Jg f —(C,+C,)x, +C,x,
m,X, = Ma?Rcos ot —C,(2X, — X, —X;) (6)

m,X, = —(ml +%jg - f —(C,+C, )%, +C,X,

I, =-maw?Rd coswt —C, .

Results and discussion

The resulting differential equations (4) are non-linear differential equations of the second order, so
they cannot be integrated analytically. To solve them, a numerous method is used, implemented using
the computer program Mathematica. The laws of changing the linear movement of tires (x1, xs), center
of mass of the feed preparation unit (x2), as well as the law of change of the angular coordinate of the
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vertical deviations of the feed preparation unit, which are shown in Fig. 2, were obtained for such initial
data:

m=4000kg; R=0.6m;d=1m; m; =ms;=26Kkg; m,=7500 kg; w = 3.14 rad-s;
C1 =6000 N-m; C; = 248000 N-m*; C; = 271989 N-m-rad?; f = 0.5; I, = 720 kg-m™.
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Fig. 3. Results of the study of dynamics of operation of the mobile feed preparation unit:
a — movement schedule; b — speed graph; c — acceleration graph

The analysis of the obtained graphs shows that there is an oscillatory process with changes in linear
displacements, velocities, and accelerations of the centers of mass of the elements of the mixer, which
can lead to loss of balance. The law of change of linear movement of tires, in the transverse direction

(1, x3) is the same, so the curves overlap. The maximum displacement is 0.18 m. The hopper of the
mixer, namely its center of mass (xz), deviates by 0.19 m (Fig. 3, a).

The range of the change in linear velocities of the centers of mass of the wheels and the mixer, in
the transverse direction, is within 1.2 m-s* (Fig. 3 b). Graphs of the change of accelerations of the centers
of masses of wheels and the mixer also have a fluctuating character. The value of ac celeration ranges

from -2 m-s? to 2 m-s2 (Fig. 3 c). Fig. 4 shows bending oscillations of the mixer rotor from the action
of unbalanced mass of the mixture during operation.
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Fig. 4. Results of the research of dynamlcs of work of the mobile mixer: a — schedule of the change
of angular movement; b — graph of changes in angular velocity; ¢ — schedule of the change of angular
acceleration
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As it can be seen from Fig. 4 a, the maximum deflection angle of the hopper is 0.17 rad. The speed
of bending oscillations does not exceed + 2 rad-s?* (Fig. 4 b). The graph of the change of angular
acceleration at the beginning has a jerk, then goes to a steady motion, with a constant nature of changes
in oscillations, within + 30 rad-s™. To avoid this phenomenon, it is proposed to reduce the unbalance of
the rotor of the feed preparation unit. To do this, it is proposed to improve the auger working body,
which is made two-way, with a shift of the phases of the screws at an angle /2, and its length should
not exceed D/2, where D — diameter of the mixer.

We obtain differential equations of motion of the mixer for the improved screw working body of
the feed preparation unit:

m¥, = —(ml +%jg f —(C,+C,)x +C,(x, +dsin at)
m,%, = Ma@’Rcos wt —C,(2x, +d sin ot — X, — X;) )

m,X, = —(ml +%)g - f —(C,+C, )%, + C,(x, +dsin wt)

I, = —me’Rd cos wt — C, .

The advanced auger working body received the laws of change of linear movement of tires (xi, x3),
center of mass of the feed preparation unit (x2), as well as the law of change of the angular coordinate
of the vertical deviations, which are shown in (Fig. 5), and were obtained for the following initial data:

m =4000 kg; R=0.3m;d=1m; m; =ms =26 kg; m,=7500 kg; w = 3.14 rad-s?;
C1 =6000 N-m'*; C; = 248000 N-m*; C; = 271989 N-m-rad*; f = 0.5; 1, = 720 kg-m,

where R - radius of the upper turn of the auger, m.
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Fig. 5. Dynamic model of the mobile combined forage preparation
unit with the improved working body

The law of the change of linear movement of tires in the transverse direction (x1, x3) is the same, so
the curves overlap. The maximum displacement is 0.04 m. The hopper of the feed preparation unit,
namely its center of mass (x2), deviates by 0.043 m (Fig. 6 a).

The magnitude of the change in the linear velocities of the centers of mass of the wheels and the
hopper of the feed preparation unit, in the transverse direction, is within 0.25 m-s (Fig. 6 b).

Graphs of the change of acceleration of the centers of masses of the wheels and the mixer also have
a fluctuating character. The value of acceleration ranges from -1 m-s?to 1 m-s2 (Fig. 6 c).

Fig. 7 shows the bending oscillations of the mixer rotor due to the unbalanced mass of the mixture
during operation.
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Fig. 6. Results of the research of dynamics of work of the mobile forage preparation unit with
the two-western screw working body: a — schedule of movement;
b — speed chart; ¢ — schedule of acceleration
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Fig. 7. Results of the study of dynamics of the mobile feed preparation unit: a — schedule of
changes in angular displacement; b — graph of changes in angular velocity;
¢ — schedule of changes of angular acceleration
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As it can be seen from (Fig. 7 a), the maximum deflection angle of the hopper of the feed preparation
unit is 0.034 rad. The speed of bending oscillations does not exceed + 1 rad-s* (Fig. 7 b). The graph of
the change of angular acceleration at the beginning has a jerk, then goes to a steady motion with a
constant nature of changes in oscillations within + 6.3 rad-s (Fig. 7 c).

Conclusions

1. Dynamic and mathematical models of the mobile feed preparation unit have been developed, which
show the dynamics of its operation and the nature of load changes. The analysis of the graphs shows
that during the movement of the mobile feed preparation unit there are oscillations of both the tires
and the hopper itself, which can lead to loss of balance of the unit. To avoid this phenomenon, it is
proposed to reduce the unbalance of the rotor of the feed preparation unit.

2. ltis proposed to improve the auger working body, which is made two-way with a shift of the phases

of the screws at an angle #/2, and its circumferential length should not exceed D/2, where D is the
diameter of the lower base of the hopper.
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The substantiated rational design of the rotor, in the form of a two-way conical screw installed with
a wide base to the bottom, allows to intensify the technological process of forage preparation in the
mobile combined forage unit, increase its balance and durability of tires by 16-20%. In this case,
the maximum deflection angle of the hopper of the feed preparation unit is 0.034 rad. The speed of
bending oscillations does not exceed + 1 rad-s. The change in angular acceleration initially has a
jerk, then goes to a steady motion, with a constant nature of changes in oscillations,
within + 6.3 rad-s.
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