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Abstract. The article presents the experimental results of the regularities of
circulating vortex motion of the working environment and displacement of the
body of the vibrobunker at its symmetric shock-impulse load. It is found that the
shock-impulse load on the vibrobunker leads to the occurrence of a slow cir-
culating movement of the working environment, which is intensified at the
asymmetrical shock load. The results of experimental research of the process of
vibrating processing of parts are presented and the reliability of the obtained
results is verified. The analysis of technological possibilities of vibroprocessing
in a wide range of frequency and vibration span is carried out. The reasons of
problems of vibroprocessing optimal modes choice and possible directions of
their overcoming are clearly presented. Different modes of vibrating installation
are simulated. The analysis of the results gave an opportunity to determine the
principles of optimal selection of vibration processing modes. The way to
achieve the mode of vibration installation with maximally effective use of
mechanical energy of vibrations is established.

Keywords: Vibroprocessing - Vibrosetting - Circulation movement -
Electromagnetic + Abrasive material + Vibrohopper

1 Introduction

Actuality of vibrating method of details processing is explained by advantages of this
method on traditional finishing operations. Vibroprocessing allows to provide the
machining process of trimming, to improve the trimming of geometric-complex
external and internal hard surfaces of parts, as well as trimming of brittle and non-rigid
parts without violating their geometric shape and damaging surfaces [1]. Application of
Vibroprocessing as the finishing operation allows to significantly reduce the cost of
production parts and provides a mixer order 0.15--0.25 pm. In some cases, it can
replace the closer, which cost is 4-5 times higher. The process of vibrating treatment
consists in sequential application on the surface of machined parts a large number of
micro strikes, as well as the use of large amounts of microscratches on the surface of
the working environment. The basis of the process is mechanical or mechanical-
chemical removal of small metal particles and its oxide from the machined surface, as
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well as burnishing of the surface microrononalities due to the plastic deformation of the
working environment particles that reproduce in the process of working complex
movements [1, 2].

2 Literature Review

A number of advantages explains the interest in the vibroabrasive method of trimming
parts during the manufacture of parts with a high class of surface purity. These are the
details of bearings of rolling, tool (cutters, drills and cutters after heat treatment and
welding), details of engines, machine tools, refrigerators, etc. [1]. An important
advantage of vibroprocessing is the high stability of the results of processing all parts of
one party, which is especially important in the processing of high-precision parts [1, 2].
The finishing methods include vibrating trimming of parts in various environments,
which provides the creation of necessary roughness, physical and mechanical prop-
erties of the surface and surface layers [2]. Vibration processing of parts in the abrasive
environment is carried out using certain equipment. Vibrosetting, as a rule, contains a
source of driving force (vibrator) and a container for loading a working mixture, which
includes processed parts, filler (abrasive), and, if necessary, liquid solutions [3]. The
technological factors of the process include: performance at the given quality, selection
of abrasive materials and processing regimes, the need to apply chemical additives to
working solutions or heating them in order to improve processing efficiency [3].

3 Research Methodology

Vibrating unit contains a working chamber installed on the supports connected with the
base, the ends of each support are equipped with springs, and the bottom of the
working chamber is equipped with the electromagnets. There are four supports and
electromagnets. Necessary circulating movement of the working environment is
formed depending on the sequence of electromagnets inclusion [12—16]. Regularities of
movement consider for various cases of shock loading. Shock loads can be carried out
in symmetric pattern when all four electromagnets and asymmetric circuits [4—11] are
included. With the simultaneous inclusion of all four electromagnets, the vibrobunker
will move towards the axis of the z. In the first approximation we take the movement of
vibrobunker sinusoidal, corresponding sinusoidal force created by electromagnets.
Impact impulse load on the vibration bunker occurs at its interaction with the pores in
the point 1 (Fig. 1a).

The frequency of inclusion of electromagnets is 50 Hz. The amplitude of dis-
placement is 2...3 mm. When the vibration hopper is down, it interacts with the pores
and stops. In this case, there are intensive processes of pulsed nature in the working
environment (Fig. 1b).
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Fig. 1. The law of displacement of the body of the vibrobunker at its symmetric shock-impulse
load (a) and the cyclogram at the simultaneous inclusion of all four electromagnets (b).

When hitting the point D, the bottom of the vibrobunker D, interacts with the
pores and stops (Fig. 2). Working environment and the bottom of the vibrobunker
move on inertia. It has a place of elastic deformation of the bottom of the vibrobunker
and it is bent. Its point D; moves downward under the force of inertia of the bottom and
inertia of the environment and stops in a state of dynamic equilibrium. In this case,
pellets and parts that form the working environment, stop directly near the bottom of
the vibrobunker. Equivalent of the pressure of the working environment near the
bottom of the vibrating bunker rises on the size of p,o. The elements of the working
environment, located above the bottom, move on the inertia (by arrow V), click on the
fixed elements located near the bottom, and are inhibited, increasing the pressure in the
bottom area and extends this area. The shock wave of F,FsF, is formed. Front of the
shock wave is moving upwards at the speed of shock wave V,.

Front of the
shock wave

Fig. 2. The law of displacement of the Fig. 3. The scheme of the axial-symmetric vertical
body of vibrobunker at its symmetric displacement of the vibrobunker and the circulating
shock-impulse load. movement of the working environment.

The third reason is deformation of the walls of the vibrobunker in the radial
direction (point D4Ds) (Fig. 3). Expansion of the vibration bunker reduces the
equivalent pressure on the periphery relative to the pressure in the center. It leads to the
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emergence of microdisplacement elements of the working environment from the center
to the periphery. Move the shown arrows V, and V3. A shock wave front F;F,F3; moves
upwards on the height of the vibrohopper until it reaches the free surface of the
working environment. Free surface due to the passage of the front is somewhat dis-
torted and acquires the shape of the curve F,FsF¢ (distortion shown in a larger form).
Moving workspace items causes the circulation movement that is formed in the radial
planes. The equivalent lines of currents (movement trajectory) are closed and represent
the ring lines having lower branches of L, L,, L3, L4 and the upper branches of Ls, L,
L, Lg. The circulation movement is slow. It covers the entire volume of the working
environment. Circulation movement has the form of a vortex ring with the center in
points O; and O,. Thus, at the shock-impulse load of vibrobunker in the working
environment there is a vortex circulation movement, which covers the Toro shaped
area. In the center of the Toro shaped area (O, and O,) there is a focus of the currents,
where its translational speed is close to zero. The time of propagation of the shock
wave front from the bottom of the vibrohopper to the free surface is a phase of a
hydraulic shock t:

; ()

where H — height of the working environment; v, — shock wave speed.

The rate of propagation of the hydroshock wave is small and is 50...100 m/s. The
resistance force in the working environment is extremely intense. Therefore, hydro-
shock pressure increase is rapidly decreasing. It is suggested as the first approximation
that increasing pressure in the vicinity of the bottom of the vibrobunker is changed by a
triangular law (curve 2 in Fig. 4).
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Fig. 4. Schematic graph of the hydroshock pressure change in the vibration bunker at
hydroshock.

Pressure increases the circulating movement of the working environment, which is
sent from the middle of the vibrobunker bottom on its peripheral (Fig. 5). The working
environment is distributed by a slow circulating flow. Movement of the environment
occurs under equivalent pressure for a portion of the corresponding line 0,030, flow.
It is accepted that the equivalent pressure of the hydraulic shock is % py- This pressure is
in the time period A7g =, — #; between points 1 and 2 (see Fig. 1a). In this case, the
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hydraulic stroke operates at point 1 and fades at point 2. Accordingly, the equivalent
pressure in the vicinity of the bottom of the vibrobunker will be:

_1 Atp
TP

Froat of the
shock wave
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Fig. 5. Circulating movement of working environment at symmetric shock-impulse load: (a) —
lateral view; (b) — top view.

The current of the working environment takes place under the influence of
equivalent pressure on the line O;0350,. The average velocity of the V, is determined
by the following formula:

Aty

Ve=a T +aEp — azp + a4V, (3)
where a;—a,4 are permanent, which will be specified on the results of experiments. The
vortex circulation movement leads to a slow rotation of the working environment mass.
The profile of the average velocities in the radial intersection of the environment is
described by parabolic addiction. On the axis of the vibration bunker speed of the
working environment varies from zero to surface and in the central part of the bottom
of the vibrobunker it varies to maximal in the central part of the working environment
(point O3). Thus there is a torlike vortex circulating movement of the working envi-
ronment (Fig. 5b). The intensity of the circulation movement is estimated by the
equivalent angular velocity ®,, which characterizes the slow rotation of the working
environment. Dependency is used for estimation of angular velocity of circulating
movement:

4)

Ve
We = —.
rC

Vortical movements cover the entire volume of the working environment. Intensity
of vortex circulating movement at symmetric shock load is small. This is explained by
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stabilizing effects of the individual storm, which are symmetric. The circulating
movement under the asymmetrical shock load of the vibrobunker is more intensive
(Fig. 6).

o D, R C3§¢'
1 Front of the
shock wave

Fig. 6. Circulating movement of the working environment at asymmetrical impact load of
vibrobunker.

At asymmetrical load the stroke takes place on one side of the vibrobunker (D).
The shock wave of F|F, is asymmetrical. Increased pressure near the bottom of the
vibrobunker leads to its deformation. The deformation will be asymmetrical; the largest
deflection of the bottom will be shifted to the point of impact. In addition to static
deformation of the vibrobunker bottom and walls there are high-frequency fluctuations.
It reduces the strength of friction elements of the working environment on the surface
of the vibrobunker. The bottom of the vibrating hopper is tilted under some angle to the
direction of the particle abrasive movement. Therefore, the inertia of the working
environment causes it to move towards the wall (shown by arrow V;). This is the main
reason for the formation of an intensive working environment circulating movement.
An additional reason is the passage of the shock wave front.

4 Results

Experimental researches for determining the dependence of the indicators of intensity
and quality of vibroprocessing from amplitude of vibration hopper oscillations have
been carried out. The details of the type of bodies of rotation, which have external and
internal cylindrical, flat and torsion surfaces, obtained in different ways (milling, pre-
cision) and have different initial roughness have been used as the test samples. This
allows to determine the degree of processing of each surface type, estimate the degree
of rounding of sharp edges. As a result, the following values of a container oscillation
span depending on the load of its working mixture have been obtained (Table 1). From
the table we can see that the average of the arithmetic and the average quadratic value
of a span of vibrations are not significantly different and it is possible to conclude about
small random measurement error.
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Table 1. Results of experimental measurement of a range of container oscillations, mm.

Download level 0 kg 1,5 kg 3 kg

Ne repeatiness 12 3| 1] 2| 3, 1| 2| 3
Number of the electromagnet | 12,0|1,5/2,0/1,5(1,5|/1,5/1,0/ 1,0{1,0
2125/1,5/20(1,5(1,5/2,0/1,0 1,5|1,0
3/12,5(2,5/2,0/1,5/1,0/1,0/1,0{1,0[1,0
4125(25(2,5/20(1,5/20| 2[1,5/1,5
Arithmetic mean 2412021 1,6(1,4(1,6(1,2(1,2|1,1
Quadratic mean 24120(2,1/1,6/14/1,7(1,3/1,3|1,1

Experimental measurements were carried out directly in the vibration bunker. An
optical method was applied when measuring the position of the elements of the
working environment. It was carried out wood surveying the surface of the working
environment in the vibrobunker. Frame rate was 1 s. The photo processing of neigh-
boring frames served as a basis for establishing a set of coordinates of individual
elements of the working environment.

For several adjacent frames, define the coordinates of a separate abrasive granules
or marker. We will establish successive provisions of individual granules on the surface
of the working environment. The array of vectors of the position of separate individual
elements in the form of a set of vectors which determine the position of element of the
working environment on the surface in the form of points Al, A2, An; B1, B2, Br; C1,
C2, Cq. Number of points is chosen sufficiently large in order to describe movement on
the entire surface of the working environment. The number of vectors depends on how
long the element on the surface of the working environment is. The array of selected
points describes the trajectory of the particles on the entire surface of the working
environment. The trajectory has the appearance of the broken lines (Fig. 7).

/ @
h

%

Fig. 7. Typical experimentally defined tra-  Fig. 8. Defines the transverse-angular posi-

jectory of the pellet movement on the surface  tion of the marker in the working environment

of the working environment. and the prognosis of the element’s motion
trajectory in the volume of the working
environment.



328 V. Symoniuk et al.

To determine the speed of the slow circulating movement of the working envi-
ronment increments of coordinates of elements in the neighboring positions, which are
formed as vectors, are determined [6]. The linear speed of the working environment
item is calculated with the following formula:

_ PP

Vp = At Re (5)

where ¢,, ¢, — corner coordinates of the element defined on the neighboring frames;
At — time interval between coordinates; R, — the radius of the code trajectory moves the
working environment item.

Frame-by-frame photography allows to determine the rotational movements of
parts and granules abrasive. To do this, apply a cylindrical shape marker for small
values (as a drive).

On separate frames registered angular position of details and used normal to its
reference surface (Fig. 8). The normal vectors on the neighboring frames #,, 7i3, 7iy, iis
are determined by the position of the disc. The photo disc is recorded as an ellipse, the
difference of the axis which determines the angle of the disc (Fig. 8).

The angular position of the details is determined by the angle of the 0, which is
connected with the ratio of the ellipse shaft, respectively:

0 = arccos (g) ()

Angular position of the disk in the plane of the shaft coordinates of the xoy is
determined by the angle ¢ between the axis of the ellipse and the axis x. From the
analysis of the demonstrative shooting, we can predict the trajectory of parts in the
volume of the working environment. Determination of the prognosis trajectory is
simulated by the scheme (Fig. 9).

surface of the
_working
cnvironment

forecast of
the
“trajectory
in volume

a) b)

Fig. 9. Determination of the estimated values of the trajectory of the movement in the volume of
the working environment (a)-fixed movement of details on the surface; (b) — spatial movement of
details (trajectory projections shown by a dotted line).
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For the details (marker) and made to show wood shooting. Position details are fixed
on the frames, starting from point A; and ending with point Ay. The aim was to
demonstrate wood shooting until the piece has showed up again on the surface (near
point A;). A dotted line shows the trajectory of the traffic details. It can be quite
accurately predicted. The time when details have been in the volume of the working
environment is precisely determined. In studying the process of vibration trimming it
was determined that metal removal is uniform during the entire processing time with
some increase in the initial period when the removal of the gross microdefects and
rounding is carried out by the sharp crock [7].

With the increase of abrasive medium grain, that is, the size of granules of abrasive
crumb, metal removal increases as a result of increase of mass grains and increase of
depth of their penetration into metal, which causes more intensive surface tillage.

5 Conclusions

Spherical motion of the vibrating hopper is determined by the law of inclusion of
electromagnets and leads to the spiral motion of the vibrobunker in the established
dynamic modes. Transient processes occur when the electromagnets are switched on
and manifested in the form of complex across-angular mixing of vibrobunker. Tran-
sitional processes stipulate significant dynamic loads on the working environment. It is
determined that the shock-impulse load on the vibrobunker leads to the occurrence of a
slow circulating movement of the working environment. This movement is intensified
under the asymmetrical shock load. The circulation movement has the form of annular
or ellipse vortex ring, which covers the entire volume of the working environment. To
determine the nature of the vortex motion, the application of the law changes the
amount of movement in the integral form for the allocated control volume of the
working environment. The average speed of the circulation movement depends on the
impact intensity, vibration hopper speed to the impact and mass of the working
environment. Angular velocity of the vortex motion is proportional to the average
velocity of the circulation movement.
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