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Abstract. Energy-efficient technologies are an important aspect of the development of
mechanical engineering. Therefore, the creation of highly efficient vibration technological
equipment is an urgent task. There are discrete-continuous inter-resonance vibration machines that
have high values of dynamic amplification of oscillations. Rectangular plates or rods are used as the
reactive mass of such vibrating machines. However, the rectangular shape of the plate may not be
the optimal shape for achieving maximum energy efficiency. To conduct experimental studies of
alternative plates with a variable cross-section to determine the optimal shape of the reactive mass of
the vibration machine. Methodology. The selection of alternative options of plates with a variable
cross-section, which would satisfy the necessary conditions of fastening and the value of the natural
frequency of oscillations, was carried out. Experimental studies were carried out on a sample of an
inter-resonance vibrating table. The value of the power supply voltage at which loads of different
masses were separated from the working body of the vibrating table for each of the plate samples
was compared. Findings (results) and originality (novelty). For the first time, experimental studies of
the energy efficiency of inter-resonance vibration machines with plates with a variable cross-section
installed as a reactive mass were conducted. It was found that the rhomboid shape of the plate is
optimal when using it as a continuous section in a vibration machine with an electromagnetic drive.
It was determined that the use of diamond-shaped plates as the reactive mass of the vibrating
machine can improve the energy efficiency of the inter-resonance vibrating equipment. For further
analysis of plates with a variable cross-section as a reactive mass of an inter-resonance vibration
machine, it is necessary to calculate and compare their lumped inertia-stiffness parameters.

Keywords: continuous section, discrete-continuous oscillating system, inter-resonance vibration
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Introduction

Implementation of energy-efficient technical solutions is an important aspect of technological
equipment modernization. In the field of vibration technologies, single-mass and dual-mass
vibration machines, which are casy to design and operate, are the most common. Despite the
significantly better energy efficiency of three-mass discrete inter-resonance vibration machines,
they have not become widely used. The methodology of creating three-mass discrete vibration
machines has evolved into the introduction of a new class of structures, the basis of which are
discrete-continuous oscillating systems. Therefore, there is a need to develop calculation and design
methods for this type of vibration equipment.
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Problem statement

To ensure energy-efficient inter-resonance modes of operation of vibrating equipment, it is
necessary that the oscillating masses of the system have certain values of inertia-stiffness and
frequency parameters [1]. The disadvantage of highly efficient inter-resonance oscillating systems is
the need for ultra-light reactive mass. The use of complex and overall structures is categorically
impossible. Therefore, it is most expedient to use continuous sections as reactive mass [2]. The
continuous section, which is a flexible body and is hinged in the intermediate mass of the vibrating
machine, optimally combines inertial and rigid parameters. A study of hybrid discrete-continuous
inter-resonance oscillating systems was carried out, where a rectangular plate was used as a
continuous section. However, an assumption was made [3] that the rectangular shape of the
continuous section considered in the works [2, 4] is not capable of maximally realizing the dynamic
potential of such systems.

Analysis of modern information sources on the subject of the article

The analysis of plates and beams is a common topic of research in various fields of science
[5-8]. Usually, these research data refer to plates of rectangular shape. However, in works [9-11]
plates and shells with a variable cross-section are considered. In particular, in [9], differential
equations for free bending vibrations of straight beams with a variable cross-section were solved using
Bessel functions. The article [10] investigates the free oscillations of a multilayer symmetric sandwich
beam with a variable cross-section, which is based on the Winkler model and is made of functionally
graded materials. In article [11], in contrast to [10], plates with a variable cross-section are attached to
rigid rotating disks. V. De Biagi et al. [12] considered optimization approaches for plates with variable
cross-section for applications in civil engineering. In this work, the displacement of the beam was
obtained from the solution of the differential equation of the elastic line, taking into account the
variability of inertia and neglecting any shear contribution. The Cross-Axis Flexural Pivot, containing
beams whose width and thickness vary along the axis according to linear or parabolic functions, was
analyzed in [13]. At the same time, different types of beam loading were considered, each of which
was represented as a chain of two Beam-Constraint Model elements. As an alternative to beams with a
variable cross-section, an experimental study of the influence of round holes on the strength of
rectangular beams was carried out in the article [14]. These experiments took into account the change
in the position, number, and diameter of the holes. The article [15] presents a one-dimensional finite-
element model for calculating the nonlinear dynamic behavior of thin-walled composite beams with
variable cross-sections under an arbitrary external dynamic load.

Statement of purpose and tasks of research

Considering the need to implement energy-efficient discrete-continuous inter-resonance vibration
machines, the purpose of this work is to find the optimal form of the continuous section to be used in the
vibration table.

The main material presentation

To achieve the goal, a solid-state model of a discrete-continuous inter-resonance vibrating table with
an electromagnetic drive is proposed, shown in Fig. 1. The vibrating table is designed for compaction of
concrete mixtures, which is used in the formation of concrete and reinforced concrete products. It can also
be used in foundry production to compact the molding mixture during the mold-making process. Due to
vibration, when the remaining air and water come to the top, the mixture fills the cavities, ensuring high
strength of the products.
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Conclusions

Implementation of energy-efficient technical solutions is an important aspect of technological
equipment modernization. In the field of vibration technologies, the trend of creating three-mass
discrete inter-resonance vibration machines has evolved into the introduction of a new class of
designs, the basis of which are discrete-continuous oscillatory systems. The introduction of a
continuous section as a reactive mass of vibration machines made it possible to more effectively use
inter-resonance modes of operation. Basically, rectangular plates are used as a continuous section.
However, taking into account the idea of introducing plates with a variable cross-section as a
reactive mass, in this work, experimental studies of the effectiveness of using different types of
plates in a vibration table with an electromagnetic drive were carried out. For this, the conditions
that the plates must meet were established, namely: the first natural frequency of oscillation, which

must be in the range © =49...49,6 Hz and the fastening dimensions I, =176 mm, h=87,5 mm. Five

types of plates are offered: rectangular, parabolic concave, parabolic convex, X-shaped, and
diamond-shaped plates. Experimental studies of the power supply voltage at which the separation of
loads of different weights occurs during the operation of different types of plates have been carried
out. It was found that the diamond-shaped plate has the highest energy efficiency among the tested
samples. In general, the tendency is obvious when the energy efficiency of the vibrating table

increases with the increase of the plate wing (distance ;).
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