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Abstract. It is noted that the process of vibration processing of parts is carried out by the relative
movement and mutual pressure of granules of the medium and the parts being processed circulating in
the oscillating reservoir. It is noted that the removal of defects from the surface of a part is carried out
by the processes of microcutting and elastoplastic deformation. It is indicated that despite the
effectiveness of vibration processing, its capabilities are limited to performing simple operations and
have not been sufficiently studied. The effectiveness of vibration processing depends on a number of
factors, among which the size of the medium granules and the size of the machine reservoir play a
significant role. To determine these factors, the kinematics of the finishing and grinding process was
considered, and the joint movement of the medium granule and the part was taken into account. The
removal of microchips along the entire length of the machined surface during one period of oscillation of
the machine reservoir and the damping properties of the material of the working medium used were also
taken into account. It has been established that, depending on the shape of the part, its position and
direction of movement in the reservoir, the angle of contact with the granules can vary from 0 to 90°. In
this regard, cases of encounters between granules and parts are considered. It has been established that
the unfavorable case of a meeting occurs at the right angle of their collision. It is concluded that the
removal of microchips from the surface of parts is theoretically inversely proportional to the size of the
medium granules. It has been determined that the increase in damping of the medium caused by a
decrease in the size of the granules can be compensated by increasing the amplitude of the oscillations
of the reservoir and the use of granules with a large specific gravity. The choice of granule size is also
limited by the conditions of their access to the surfaces being treated, while the conditions for eliminating
the possibility of granules jamming are met. It has been experimentally confirmed that the reservoir with
a “U” — shaped cross-section turned out to be the best, due to the absence of stagnant zones in it. It has
been established that as the cross-section of the reservoir increases, the productivity of the machine will
decrease. Intensifying the process by increasing the amplitude is unacceptable, since this causes the
appearance of deep defects on the treated surfaces. To increase processing efficiency, it is necessary to
increase the volume of the reservoir by lengthening it, rather than increasing its cross-section.
Keywords: vibration treatment; granular medium; physical and technological parameters; contact
angle; reservoir; productivity of vibration processing.
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1. Introduction

The process of vibration processing is accompanied by microcutting and
elastoplastic deformation and is carried out due to the relative movement and mutual
pressure of the granules of the working medium and the parts during their circulation
movement in an oscillating reservoir [1].

Despite the effectiveness of vibration processing, its use until recently was
limited to performing such simple operations as cleaning parts, removing burrs, and
rounding sharp edges. The underestimation of the capabilities of this technological
process is explained by the lack of knowledge about it [2].

The research carried out so far has involved solving particular problems of
identifying the influence of one or a small number of factors on the efficiency of
vibration processing. At the same time, ongoing comprehensive studies have shown
that the effectiveness of vibration processing depends on many factors, the main ones
of which include the size of the granules of the abrasive medium and the size of the
reservoirs of machines for vibration finishing and grinding.

2. Features of the kinematics of the finishing and grinding process

To determine the above factors, it is necessary to consider the features of the
kinematics of the process of vibration finishing and grinding, represented by the joint
movement of a granule of the abrasive medium and the part. When considering the
kinematics of the process, it is necessary to take into account the removal of
microchips along the entire length of the machined surface during one period of
oscillation and the damping properties of the material of the abrasive medium used
[3, 4].

Granules of an abrasive medium with a mass of m; (Fig. 1, a), moving at a

speed of V,,

can be either in a state of relative rest, or have counter or parallel movement at the
speed of Vp part. At certain moments, the velocity vectors Vgr and Vp can make a

encounter a part with a mass of M on their way. In this case, the part

certain angle.

The vector difference Vgr —V pp represents the relative speed Vgr With which
the interaction of granules and parts occurs. Depending on the shape of the part, its
position in space and the direction of movement, the angle of contact with abrasive

granules can vary from zero to 90°. Let's consider the most typical cases of abrasive
granules meeting parts (Fig. 1).
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Fig. 1.7. Diagram of the meeting of the part and the granules of the abrasive medium: (a)
—at aright angle; (b) — at an acute angle

The most unfavorable case of granules meeting the surface being treated occurs
at a right angle to their collision (Fig. 1, a). The wall of the machine's reservoir
imparts movement to the granules at a speed of Vgr .The granules, when compacted,

strike the surface of the part at a right angle. The average value of the force Fimp
acting on the part during the collision with the granule can be expressed by the
following formula:

MV g (1+ k)

Finp =, @

where M —is the mass of the part; V,, — relative speed of granules and parts at the

moment of impact; k — recovery coefficient, depending on the elastic properties of
the part and the granule; t — impact time.

The use of this formula is permissible, since the masses of the reservoir and
granules after compaction, located between the wall and the surface, are large
compared to the mass of the part.

3. Efficiency of vibration processing at different angles of impact of
granules with the processed surface

The effectiveness of vibration processing when granules collide at right angles
with the surfaces being processed is relatively low, since the abrasive granules are
not so much removed as they are crushed by this surface, leaving micro-nicks on it.
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This removal of metal from surface B occurs under unsatisfactory conditions.
Abrasive granules slide along it with a small interaction force, which is determined
only by the static pressure of the overlying layers of granules and parts. It is many
times less than the forces arising at the surface 4.

Other processing conditions occur at an impact angle other than 90° (Fig. 1, b).
In this case, the impact on surface A has less elasticity. Surface B, which had not
previously experienced impacts, also receives an oblique impact. During such a
collision, the granules slide over both surfaces, removing chips.

The greatest destruction of the surfaces of the parts will occur in weakened
areas of their perimeter, namely at the corners and edges (Fig. 1). In this position,
corresponding to maximum destruction, there is rib C of the part.

4. Study of changes in the granule size of an abrasive medium and the
effectiveness of its impact on the treated surface

With an increase in the mass of m abrasive granule, its Kkinetic energy
increases, and consequently, the force that causes destruction and removal of surface
layers of metal increases. However, an increase in the size of the granule, beyond
certain limits, reduces the effectiveness of its impact on the part surface, as can be
seen from the following.

Let us denote the size of the granule by d , the length of the surface of the part
in contact with the granules by |, and the length of the granule sliding along the
surface being processed by one oscillation by a.

To simplify the discussion, we represent the shape of the part in the form of a
rectangular parallelepiped. Then the total length of the surface from which
microchips will be removed during one oscillation of the reservoir can be expressed
as

lL=a ! 2)
1794

For one of the part surfaces, with its linear dimension L perpendicular to the

drawing plane, the surface from which chips will be removed is equal to:

1
l,=a—-=+. 3
2780 (©)
From the resulting expression it follows that the dimensions of the processed
surface for one relative movement of the granules, that is, for one period of

oscillation of the machine reservoir, are inversely proportional to d 2,
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You can choose the size of the granule so that it is equal to the value «a, that
is, d; =a. Then

al
L =—=I, 4
174 (4)
that is, microchips are removed along the entire length of the surface. For the plane,
we correspondingly find

LI
I a, ®)

Thus, the removal of microchips from the surface of the part is theoretically
inversely proportional to the size of the granules of the working medium.

As the granule size decreases, the damping properties of the entire medium
change. Therefore, with small sizes of abrasive granules, the length of the surface
from which microchips can be removed during one period of oscillation of the
reservoir will be significantly less than the calculated one.

An increase in the damping of the medium caused by a decrease in the size of
abrasive granules can be compensated by increasing the amplitude of vibrations of
the reservoir and using granules with the highest possible specific gravity [5].

From the practice of vibration processing it follows that the most suitable for
processing complex-profile parts with internal planes, pockets, holes are granules of
the working medium made of mineral ceramics TsM-332, the specific gravity of
which is 3.93...3.95 g/cm?®. The choice of the size of such granules will be limited by
the conditions of their access to the treated surfaces. In this case, the size of the
granules should be selected to exclude the possibility of their jamming in the listed
surface elements of the part.

Abrasive granules made from the TsM-332 material have a dense structure,
high hardness and have shown great wear resistance, so they are most suitable for
finishing operations. At the same time, they have a small grain size (1...3 um),
which, when used in grinding operations, leads to an increase in processing time, to
speed up which it is advisable to add grinding powders of various grain sizes to the
reservoir with an appropriate amount of a chemically active solution [6, 7].

When choosing materials for abrasive granules, abrasive granules from broken
abrasive wheels, crushed granite and porcelain chips, as well as from mineral
ceramics TsM-332 were studied. During the experiments, cylindrical samples made
of steel 45 weighing up to 100 grams were processed. They had original purity
classes of Ra=2.5 uymto Ra=0.16 um.

202



ISSN 2078-7405 Cutting & Tools in Technological System, 2024, Edition 100

The processing was carried out under constant vibration modes, amplitude
A=2.0 mm, frequency «=2200 oscil/min, ellipse coefficient K, =1.5+0.15.

The ratio of the volume of processed parts to the volume of abrasive granules was
taken to be 1:3.

Experiments have established that grinding media made from broken abrasive
wheels, crushed granite and porcelain chips are unacceptable for obtaining surfaces
of high cleanliness classes. Therefore, for finishing processing, the use of TsM-332
mineral ceramics was proposed as an abrasive medium. It showed high durability:
plates measuring 18x15x8 mm worked effectively for 700...800 hours. Their low
wear made it possible to maintain the cleanliness of the environment in the reservoir
and reduce the number of washes. A small amount of waste ensured higher grades
of surface cleanliness. This was also facilitated by the small size of the grains from
which the plates are made, — 1...4 pm.

When studying the influence of the weight and shape of abrasive granules and
the amplitude of vibrations on the cleanliness of the surface, mineral-ceramic
granules from the material TsM-332 were used, cylindrical in shape weighing
20...30 grams, rectangular in shape weighing 10, 7, 5 grams, respectively, and
spherical in shape weighing 2...3 grams.

Before the experiments, all abrasive granules, with the exception of the
spherical one, had their sharp corners and edges rounded. When processing steel
samples 45 (eq. C45 DIN 10277) with mineral-ceramic granules, an alkaline
chemically active solution was used.

Five samples from each batch of parts were measured and the average value
Ra was calculated.

After the first tests, abrasive granules weighing 20...30 grams were excluded
from further research, since they caused the appearance of a large number of micro-
holes, the depth of which did not meet the requirements for cleanliness of processing.

Based on the research results, graphical dependencies were constructed
(Fig. 2). It is clear from the dependencies that processing at all amplitudes gives a
sharp decrease in roughness in the first hours of operation. Each amplitude
corresponds to a certain achievable surface frequency. During further processing,
the achieved value for a given amplitude remains constant.

A decrease in the vertical amplitude to Ay, =05 mm causes a sharp drop in

the speed of rotational motion of the medium, which worsens the mixing of parts in
the oscillating reservoir. Increasing the rotational effect in the reservoir is possible
by increasing the oscillation frequency, for example, up to 2550 oscil/min. As a
result, value Ra can be reduced to 0.5 pm.

203



ISSN 2078-7405 Cutting & Tools in Technological System, 2024, Edition 100

To determine the possibilities of further reducing processing time, grinding and
polishing experiments were carried out with the addition of various grinding
powders. The material for them was normal electrocorundum with a grain size of 25,
8, 5, 3 and white electrocorundum with a grain size of M20. The amount of grinding
powder in all experiments was 3 % of the reservoir volume.
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Fig. 2 Dependence of roughness Ra on amplitude A and processing time

In this series of experiments, plates made of mineral ceramics TsM-332
weighing 5...10 grams also served as abrasive granules. The volume ratio of parts
and abrasive granules was taken to be close to that used to obtain high cleanliness
classes, namely 1:4. The oscillation frequency for all experiments remained constant
— 2140 oscil/min. The ellipse coefficient was taken to be 1.5, except when fine-
grained M20 powders were used. The amplitude during the experiments varied
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within 1..4 mm. The amount of alkaline solution was 3...3.5 % of the reservoir
volume.

The solution and grinding powder were replaced every hour of operation of the
vibrating machine. During the studies, the roughness of the processed surface was
measured on a batch of samples every hour of processing. The dependence of the
height of the roughness of the processed surface on the granularity of the powder,
amplitude and processing time was obtained (Fig. 3).
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Fig. 3 Dependence of surface roughness Ra on the grain size of the grinding
powder, amplitude and processing time

5. Research on Reservoir Sizing

The optimal dimensions of the reservoir have been experimentally determined.
The “U” — shaped reservoir turned out to be the best in view of the absence of
stagnant zones in it, as well as the possibility of installation in the internal space,
intensifying the process of moving abrasive granules and machined parts, deflectors
of the working medium of various shapes and sizes [8, 9].

The same conditions indicate that as the distance of granules and parts from the
bottom and walls of the reservoir increases, their relative speeds decrease; layers of
granules and parts, as they approach the center of the reservoir, are partially or
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completely excluded from the zone of vibration influence of its walls. Processing of
parts located in these layers stops.

To determine the optimal cross-sectional dimensions of the reservoir, a series
of experiments were carried out.

The studies were carried out for three weight groups of abrasive granules:
2.5...3; 10; 30 grams. The velocity determination for each of them was carried out at
amplitudes of 4 — 1, 2, 4 mm. The oscillation frequency for all experiments
remained constant — 2140 oscil/min with an ellipse coefficient of K, =1.5.

Together with measuring the speed of the sensor-part, the speed of the reservoir
was measured. Based on the ratio of these speeds, the damping of the medium was
determined, that is, the degree of vibration damping. Graphic dependencies were
constructed (Fig. 4), showing the change in the speeds of the sensors — parts at
different distances from the reservoir wall.
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Fig. 4 Change in the speed of the sensor-part depending on its distance from the
walls of the reservoir, the weight of the part, the amplitude and weight of the abrasive
granule

The speed of heavy parts decreases more intensely than that of light ones.
Under the same processing conditions, a heavy part has a lower speed than a lighter
one. As the speed of the abrasive granules remains constant, the relative speed
between them and heavier parts increases. The decrease in speed of a weighted part
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occurs more slowly than the increase in its weight. This causes an increase in the
mutual specific pressure of the granules and parts. This explains the faster processing
of heavy parts compared to lighter ones.

Increasing the weight of abrasive granules also increases the efficiency of the
processing process. This is explained by an increase in specific pressure due to an
increase in the mass of the granule and a decrease in damping.

At the same time, it is noted that an increase in specific pressure can create
conditions for the appearance of various defects on the surfaces being processed. At
the same time, obtaining high frequency classes is difficult.

As the oscillation amplitude increases, the degree of damping of the medium
decreases and the damping coefficients increase. For an amplitude of Ay =1 mm,

its smallest value is 0.11, and for an amplitude of Ay =4 mm - 0.32. For the above

processing conditions, the damping coefficient values ranged from 0.89 to 0.11.
When the frequency increased from 2040 oscil/min to 2500 oscil/min, the
speed of movement of the sensors changed in the medium as follows (Table 1).

Table 1. Changing the speed of the sensor in an abrasive environment

Distance of the Sensor speed, m/s at oscillation ‘
sensor from the frequency, min Speed increase,
wall, mm 2140 2500 ms
50 0.14 0.16 0.02
150 0.04 0.05 0.01

With large sections of the reservoir, the productivity of the machines will
decrease despite the number of simultaneously processed parts. Intensifying the
process by increasing the amplitude for finishing operations is not acceptable due to
a significant increase in specific pressures in the layers of the medium close to the
wall, as this causes the appearance of deep defects of great depth on the treated
surfaces.

Measurements of the speed of the sensor placed in a reservoir with an
increasing cross-section showed that its speed at a distance of 200 mm from the
bottom is practically zero.

Thus, to increase processing productivity, it is necessary to increase the volume
of the reservoir by lengthening it, rather than increasing its cross-section. This
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explains the appearance of vibrating machines with two or more small-section
reservoirs mounted on one vibrating platform.

Based on the conducted research, the following main conclusions can be
drawn:

— a decrease in the degree of damping of the medium can be achieved by
increasing the amplitude of oscillations of the reservoir;

— for vibrating machines intended for finishing operations, and therefore
operating at small amplitudes, the most acceptable, as experiments have shown,
should be considered reservoirs with a bottom radius of no more than 200 mm.

6. Conclusions

All the described experimental studies and their results form the basis for
calculating the design parameters of vibration machines and designing technological
processes for grinding and polishing operations for vibration finishing and grinding
of parts of various types of metalworking industries.

Also, over the decades, the described developments have been successfully
implemented at enterprises in various branches of mechanical engineering and
instrument making, which indicates their high scientific level and practical
relevance, which ensured the expansion of the fleet of modern metalworking
machines and finishing and grinding technologies aimed at the process of effective
mechanization of manual labor.
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Awnnpiit Minuk, Bonoanmup ®enoposuu, Haranis Kozakosa, Xapkis,
VYkpaina

BU3HAYEHHS PO3MIPIB T'PAHYJI CEPEJOBUIIA ¥ TEXHOJOTITI
OBPOBKH BUIbBHUMH ABPASUBAMMU TA PO3MIPIB PE3EPBYAPA
BEPCTATA JJII BIFPAIIIMHOT OBPOBKM JIETAJIEA

AHoTauis. BiosHaueno, wo npoyec 6ibpayiiinoi 006pobKu Odemaneil 30IUCHIOEMbCS  BIOHOCHUM
nepemiueHHAM i 63AEMHUM MUCKOM YUPKYTIOIOUUX 6 De3epeyapi, U0 KOIUBAEMbCA, 2PAHYIl cepedosuLa
ma 06pobmosanux demaineil. 3a3HaYAEMbCSL, WO GUOANEHHS OeeKmi6 3 NOGePXHI 0emali 30iliCHIOEMb s
npoyecamu Mikpopi3anHs ma npyACHONIACMUYHO20 0ehopmyeanHs. Brasaro, wjo nonpu egpekmusnicmo
8iOpayiinoi  06pobKu  ii  MOdNCIUBOCMI  OOMEdICeHI BUKOHAHHAM —HAUNPOCMIWUX —onepayit  ma
Heoocmammbo eugueni. E¢pexmusnicmy 6i6payitinoi 06podKu 3anedcuns i0 HU3KU akmopis, cepeod
AKUX 3HAYHY DOTb 2PArOmMb pO3MIpU 2paHyn cepedosuwya ma po3mipu pesepeyapa eepcmama. /s
BUSHAYEHHS 3A3HAYEHUX (PAKMOPIE PO3NAHYMO KIHeMAMUKy npoyecy 03000.1106a1bHO-3a4UULYEBATbHOT
00po6KU, 6panocs 00 yeazu ChilbHe nepemiujerHs Spanyiu cepedosuwa ma obpoodaosanoi demani. Tax
Ccamo 8paxogysascs oM MIKPOCHPYHCKU NO 6Cill Q08X4CUHI 0OPOONII0BAHOI NOBEPXHI 3a 0OUH Nepioo
KOMUGAHHA pesepeyapa eepcmama i Oemnghyroui enacmugocmi mamepiaiy pobouo2o cepedosuuya.
Bcmanosneno, wo 3anedxcno 6i0 gopmu 06pobnosanoi demani, i NOJONCEHHs MA HANPSAMKU DYXY 8
pesepsyapi Kym 3ycmpiyi 3 epanyiamu modxce 3minosamucsy 6io 0 0o 90°. 'V 38 3Ky 3 yum posensiHymi
BUNAOKU 3yCMPIYI 2panyl 3 00pOOI0GAHUMU Oemansimu. Bcmanosnieno, wo Hecnpusmiusuil. 6UNa0oK
3ycmpiui  8i00ygaembcsa ni0 npamum Kymom iXHb0o2o 3imKHeHHA. 3poOieHO BUCHOBOK, Wjo 3UoM
MIKPOCMPYHCKU 3 NOGEPXHI  Oemaneli MeopemuiyHo 360POMHO  NPONOPYIUHULL  POSMIPY 2PAHYI
cepedoguwa. Busnaueno, wo niosuwennsn demnysanis cepedosuiya, BUKIUKAHE 3MEHUEHHAM PO3MIPI6
2PAHYI, MOHCHA KOMNEHCY8amu 30ibUWeHHAM AMILIMYOuU KOIUBAHb pe3epayapa i 3acmocy8aHHIM SPaAHyIl
3 8ENUKOI0 NUMOMOIO 8a2010. Bubip posmipy epanyn makoxc obmexncyemvcs ymosamu ix oocmyny 00
N0GEPXOHb, WO 0OPOONAIOMbCA, NPU  YbOMY OOMPUMYIOMbCS  YMOBU  GUKTIOUEHHS  MONCTUGOCTE
3aKAUHIOBAHHSA 2pany. Excnepumenmansho niomeepoceno, ujo Haukpawum euseuscs pesepsyap « U» —
nooibHOI hopmu nonepeuno2o nepepizy uepes 6I0CYmHiCHb ¥ HbOMY 3ACMILIHUX 30H. []aHO MemoOuKy
00CTiddcenb  BUBHAYEHHA ONMUMATLHUX PO3MIPI6 nepepizy pesepgyapa. Bcmanoeneno, wo 31
30LIbWEHHAM nepepizie pesepayapa NPoOyKMUSHICIb 8epCMama SHUMCysamumemscs. lnmencugixayis
npoyecy 36iIbUEHHAM AMIIIMYOU HEeNPUUHAMHA, OCKIIbKU Ye SUKIUKAE NOABY HA 00POOIO8AHUX
nogepxuaAx enubokux Oepexmis. Jlna niosuwjenns egpexkmugnocmi obpobKu HeobXiono 36inburysamu
00 €M pezepsyapa WisAxom 1020 NOO0BXHCeHH s, a He 30LNbUeHHs nepepis)y.

KuaiouoBi ciioBa: 6iopoopodka; epanyivosane cepedoguuje, Gizuxko - MexHono2iuti napamempu; Kym
3IMKHENHS; pe3epayap; npoOyKMueHicms 6i6pooopooKi.
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