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Abstract. The possibility of control of dynamical conditiafithe shakers that are designed for
vibration treatment of parts interacting with gremunedia is discussed. The aim of this article
is to develop the methodological basis of technplof creation of mathematical models of
shake tables and the development of principleswhétion of vibrational fields, estimation of
their parameters and control of the structure Vibnefields. Approaches to build mathematical
models that take into account unilateral constsaitite relationships between elements, with
the vibrating surface are developddethods intended to construct mathematical model of
linear mechanical oscillation systems are used.llSyaaillations about the position of static
equilibrium are performed. The original method afrrection of vibration fields by
introduction of the oscillating system additiongstto the structure are proposed. Additional
ties are implemented in the form of a mass-ined@&lice for changing the inertial parameters
of the working body of the vibration table by mogithe mass-inertial elements. The concept
of monitoring the dynamic state of the vibratiobleabased on the original measuring devices
is proposed. Estimation for possible changes iradyio properties is produced. The article is
of interest for specialists in the field of creati@f vibration technology machines and
equipment.

1. Introduction
The dynamic process of vibration processes in wiiieh working environment interacts with the
surface of a workpiece, is determined by the regouénts in relation to the movement of the working
body parameters such as homogeneity, single-dimealily, etc. Similar problems are considered in
references [1-3].

Technical facilities for realization of vibratiomdhnology processes are quite complex, and the
assessment of their dynamic properties requireasbef rather difficult analytical approaches [4-7

The dynamic aspects of the interaction between exésnof technological systems and the
possibility of creating conditions for the maintana of the parameters of vibrational field are &dd
to a lesser extent.

In this article an approach to creation of congiggtems, the field vibratory technological machine
are developed. The purpose of the proposed resdardb develop principles, selection and
implementation of configuration tools and contiield vibration technology machine.
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2. Principles of work, models and dynamic properties

In the approach to the control of the vibrationaldf by introduction of a device to transform the
motion of the mathematical model vibration stanibr@tion hardening) is proposed. The model is
reduced to the linear model (figure 1) of smallikestons of a rigid body with two degrees of fresd
placed on elastic elements [8,9].
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Figure 1. Design model of vibration technology machines: lidsaibrating surface, 2 — element of the granular
media, 3-fixed support.

The peculiar properties of interaction between wweking environment with surface (figurel)
engaged in vertical vibrations by harmonic law wathplitude A, and frequencyw, are reflected in

the mathematical model.

Configuring the vibration of the stand (figure §)reduced to the fact that the variable parameters
of the shake table (weight of vibrator, stiffnedsetastic elements, etc.) are selected so that the
amplitude and frequency of oscillation of the warki body correspond to the technological
requirements. In the conditions of the model problEocess requirements to the vibrational field of
the working body are the homogeneity and one-diioeatity. Frequency, ensuring uniformity of
vibration fields, depending on the system pararseteas the form [8]:

W = (ko+k1+k+ lkl} (1)

M+L

The oscillations of the characteristic poirg, A, of working surface with the same amplitude are
provided by frequencyy,. The inclusion in the circuit of the vibration tatfconfiguration item”L

creates the preconditions for the extension offriaguency range of vibrations in which the vibratio
table of the considered structure keeps a homaegsrieeld of the working surface.

The presented dependence (1), frequencies of adereous mode and mass-inertial factor define
restrictions on a range of frequencies of a homeges vibrating field:

W <_(k0+k1+k + 1k1] (2)

The homogeneity of the vibration field is providieda designated frequency band (2) for a fixed
frequency external disturbance when there is tHlewmg equality:

(ko+kl+k + 1“} ©)
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The maximum frequencw,,, of the range corresponds to the paraméter0, and one is equal
to:

(‘fnax:i k0+k1+k2+M . (4)
M Iy
Limit frequency rangéx, .., in the presented abstract model whep, — o is equal to zero:
=lim Ko +K, +k, 1 Tl
Wip = IM L[ Ky 3 J (5)

Under the assumption that the variation of the mn@egial coefficient is limitedL <L,
minimum frequency is determined by the expression:

, 1k, =1k,
wmm_M_'_L (k0+k1+k e IO J (6)

The range (W, W) determines the limits of frequencies for which thbrating stand of

considered design provides homogeneous vibratiba, fivith an appropriate choice of parameter
For each frequency of external excitation, theatibig stand effectuates uniform oscillations with
amplitude, provided that the mass-inertial coedintikeeps the value:

L:%(ko+k1+k2+—|2k2|_|1li—M. (7)
0

The peculiarities of the setting method of the ailing stand are determined by expressions for the
boundary frequencies (4+6) together with the foarfor coefficientL (7).

Changing mass-inertia ratio without a correspondihgnge in the frequency of the external
exposure leads to changes in the characteristidsoofogeneity of vibration field. Changing the
frequency according to analytical dependence (7 wie simultaneous control of uniformity by
means of the measuring means is necessary to prove homogeneous mode of vibration of the
field.

The sensor define the boundary parameters of ttegartion of bodies in a vibrating system
(figure 2) is developed to control the state ofraiton field at a fixed point [9].



IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 082027 doi:10.1088/1755-1315/87/8/082027

e

oy}

2

:

ik ™

DN 5
D~

SN NSNS

Figure 2. The detectorof definition of boundaryparametersf interaction of bodies in vibratir
systems: 1 - the case, an inertial element, - a piezoelement, 4 - fixture, Suppor surface
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Control of a vibrating field throu¢ the change ofnass inertial characteristics of working bod
patented as the invention [1(lts essence consists in the fact that werking body of vibrating
machine 4 detectors éstablished simultaneously in such a manner tieas¢theme of an arrangem
of deectors considers features of oscillation of workiragly as the body performing at harmoni
excitation a complex oscillative motion. The estiima of structure of a vibrating field is focused
measurement of vertical a component of speedspn®tid accelerations simultaneously with rec
on a corresponding data carrier that alloneto fix distribution of amplitudes of motions, spsethd
accelerations. The circuit diagram the vibrating machine in the form of the solid body rimak
vertical fluctuations is shown iiigure 3.
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Figure 3. The circuit diagranof the vibrating table in the form of the solid body makimertical
fluctuations: 1 - detectors, 2a-vibrating surface, - inertial elements, 4 directing line, 5 - elastic
elements
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3. Conclusion

Principles of construction of the technological iaes providing a variation of parametres of a
vibrating field, change of characteristics of deg@re developed for transformation of the movement
imposing additional ties, forming dynamic propestad the working body by redistribution of inertial
elements, moving along directing line (figure 3heTapproach to control the system construction by a
vibrating field of technological machines with tlaege-sized working body for realisation of vibragi
technological processes is offered.
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