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MAIN TECHNOLOGICAL FACTORS DETERMINING
THE EFFICIENCY AND QUALITY OF THE VIBRATION PROCESS

Abstract. The factors that determine the efficiency and quality of vibration treatment are indicated.
Characteristic cases of interaction of abrasive granules with the processed surface are noted. The
influence of the hardness of the processed part material and the shape of its surface, as well as the
influence of chemically active solutions on the efficiency and quality of vibration processing, is
substantiated. The characteristics of abrasive granules and their volume ratio with the processed parts
are given. It is indicated that the underestimation of the possibilities of vibration processing
technologies is explained by their insufficient studies. It has been established that vibration processing,
depending on the characteristics and composition of the processing medium, is a mechanical or
mechanochemical removal of the smallest particles of metal or its oxides and plastic deformation of
microroughness due to mutual collisions of the medium granules with the processed surface, caused by
vibrations of the reservoir in which the processing medium and, the processed parts are placed. It is
noted that, according to the classification, vibration treatment refers to mechanical processing methods
and, in particular, to the group of mechanical-chemical processing methods or to combined methods
when chemically active solutions are introduced into the working medium, It is also noted that vibration
treatment refers to dynamic, and for technological purposes — to dimensionless processing methods,
according to the type of tool used - to the group of processing methods with a free abrasive. It has been
established that the efficiency of vibration processing depends on the oscillation modes of the vibrating
machine, the mass of the processed parts and abrasive granules, the hardness of the parts material and
the shape of their treated surfaces, the characteristics of the abrasive medium, the volume ratio of the
parts and abrasive granules, as well as on the composition of the chemically active solution. The
characteristic cases of interaction of abrasive granules with the processed surface are given. The
situations of the highest processing productivity for performing the operations of vibration grinding,
vibration polishing, washing and descaling have been established. It is noted how the hardness of the
processed part and the shape of their surface affects the performance and quality of vibration
processing operations. The characteristics of the working medium, which affects the efficiency and
quality of vibration treatment, are given, including the influence of grain size and hardness of the
material of abrasive granules. The volume ratios of abrasive and processed parts are considered. The
types of actions on the vibration treatment processes are given.

Keywords: vibration treatment; processed parts; vibration machine reservoir; abrasive granules; the
hardness of the granule material; abrasive grain size, chemically active solution.

Introduction.

Vibration treatment, depending on the characteristics and composition of the
processing medium, is a mechanical or mechanochemical removal of the smallest
particles of metal or its oxides and plastic deformation of microroughness due to
mutual collisions of the granules of the medium with the processed surface, caused
by oscillations of the reservoir in which the working medium and the processed
parts are placed.
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In accordance with the existing classification, vibration treatment refers to
mechanical processing methods, and when chemically active solutions are
introduced into the working medium, to combined methods, in particular, to the
group of mechanical processing methods. Vibration treatment refers to dynamic
processing methods, and according to the type of tool used, vibration processing
belongs to the group of processing methods with a free abrasive [1].

Despite the widespread application of vibration treatment, its implementation
until recently was limited to such simple operations as cleaning parts, removing
burrs, and rounding sharp edges. The underestimation of the possibilities of this
technological process is explained by its insufficient knowledge.

Factors affecting the efficiency and quality of vibration treatment.

The last studies carried out have included solving particular problems to
identify the influence of one or a small number of factors on the processing
efficiency. Comprehensive studies have shown that the effectiveness of vibration
treatment depends on many factors, the main of which are:

1. Processing mode and mass of processed parts and abrasive granules.

2. The hardness of the material and the shape of the processed surfaces.

3. Characteristics of the abrasive material.

4. Volumetric ratio of processed parts and abrasive granules in the vibrating
machine reservoir.

5. The composition of the chemically active solution that intensifies the
processing.

Microchips are removed from the part processed surface in oscillating
reservoirs, during the relative movement of parts and granules. Therefore, it is
natural that the mode indicators of processing (frequency and amplitude of
oscillations of the reservoir, the trajectory of its movement) have a great influence
on the nature of the interaction of the mass elements loaded into the reservoir [2].

Typical cases of interaction of abrasive granules with the part processed
surface.

Let us consider three most characteristic cases of the interaction of abrasive
granules with the processed surface.

1. Abrasive granules and parts move in the same direction with the oscillating
movement of the reservoir parallel to the surface to be processed.

In this case, the relative slip speed of the abrasive granule and the processed

part, that is, the speed of processing Voroc. will be equal to v =V, £V,

where Vi is the speed of the processed part, Vgr is the speed of the abrasive

proc.

granule.
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2. Abrasive granules and parts move, as in the first case, but their relative
movement is perpendicular to the processed surface. In this case, the abrasive

granule collides with the processed surface at a speed of Voroc. that is,

Vproc. =Vp +Vgr '

3. The abrasive granule and the part move along a curved path, in particular,
along a circle. In this case, the abrasive granule meets the processed surface at an
angle or tangentially.

As can be seen from the above formulas, the relative sliding speed, which is
one of the main factors for increasing the efficiency of processing, depends on the
absolute values of the speeds of movement of abrasive granules and processed
parts [3].

In its turn, these speeds depend on the frequency and amplitude of
oscillations, the trajectory of the reservoir, as well as on the ratio of the masses of
the processed parts and abrasive granules. The greater the difference in these
masses, the greater the speed of mutual slippage will be. With a small difference in
the masses of parts and abrasive granules, and, accordingly, a slight difference
from inertia, the slip speed between them will be low, which, all other conditions
being equal, will lead to a decrease in efficiency of treatment. Therefore, the
efficiency of vibration treatment of parts with low mass and dimensions can be
ensured by increasing the speed of the reservoir motion [4, 5].

From the analysis of the considered schemes of interaction of granules with
the processed surface, the following conclusions can be drawn:

1. In the first case, the minimum amount of metal is removed, since the
pressure of the granule to the part is very small and is created only by the static
pressure of the medium. Obviously, such an interaction, associated with the use of
the energy of the vibrational and centrifugal actions of the working medium, will
be the best for performing vibration grinding and vibration polishing
operations [6].

2. In the second case, the granule collides with the processed surface, as a
result of which imprints of abrasive grains, chips or tearing of metal appear on it.
This nature of the interaction of abrasive granules with the processed surface will
be the most productive for cleaning parts with using the shock wave effect, as a
result, removing scale and a defective metal layer in rough cleaning operations
with a large metal removal [7].

3. In the third case, when the abrasive granule and the processed part move
along a curved path, an intermediate nature of the interaction takes place.

The hardness of the processed part material.

The hardness of the processed part material affects the productivity and
quality of machined surfaces. The higher it is, the shallower the abrasive grains
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will be introduced into the part. This reduces the removal of metal from the
processed surface while reducing its microroughness [8, 9].

The shape of the processed part surface.

The shape of the surface to be processed also affects the efficiency of the
process. Collisions of abrasive granules with complex elements that form grooves
and recesses in parts of various types do not always occur at optimal angles. This
causes a sharp decrease in productivity. Moreover, there are cases when the shape
of the processed surface is such that it is impossible for abrasive granules to collide
with it [10].

Characteristics of abrasive granules that affect the efficiency and quality
of vibration treatment.

The most important characteristics of abrasive granules that affect the
efficiency of vibration treatment include the mass, size, shape and hardness of the
granules [11].

During the interaction of the medium elements in the reservoir, when a direct
blow is applied by a granule to the processed surface, its force is proportional to
the mass of this granule. Therefore, an increase in the latter leads to an increase in
the amount of metal removed. A significant increase in the mass of the abrasive
granule can cause a deterioration of the quality of processing, as well as a decrease
in the slip speed. A detailed study of this issue made it possible to draw a general
conclusion: abrasive granules with an extremely large mass should be used for
rough cleaning operation, and for finishing operations, with a relatively small
mass.

The dimensions of the granules are related to their weight. Therefore, in the
general case, the recommendations for their choice are similar to the previous ones.
However, often the sizes of abrasive granules are chosen so as to ensure their
access to closed or semi-closed surfaces to be processed. In addition, there are
cases when the processing of individual surfaces is undesirable. Then the sizes of
the granules are chosen so that they do not collide with such surfaces.

The forms of abrasive granules do not have a noticeable effect on the
efficiency of vibration treatment. But with difficult access of abrasive granules to
the processed surfaces, it becomes necessary to select a rational form of granules in
order to ensure processing [12].

Grain size of the abrasive material.

The grain size of the abrasive material is largely reflected in both the quality
and productivity of processing. When using a coarse-grained abrasive, the number
of grains in contact with the processed surface is significantly reduced. In this case,
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other things being equal (in particular, at the same pressure), the penetration of
grains into the metal occurs to a greater depth and larger metal chips are removed.
With a small grain size, the number of contacts with the surface increases
sharply, but the penetration of grains occurs at a shallow depth. This contributes to
the removal of small chips and a decrease in the height of micro-roughness [13].

The hardness of the abrasive granules material.

The hardness of abrasive granules is one of the main characteristics that have
a significant impact on the efficiency of the vibration process. During vibration
processing, the volume of the abrasive filler loaded into the reservoir, as a rule,
exceeds the volume of the processed parts. In this regard, the granules in the
process of treatment come into contact with each other more often than with parts.
This causes increased wear of the abrasive due to its abrasion and chipping of the
grains.

The appearance of wear products in the abrasive mass clogs the pores
between the grains of the granules and leads to the “loading” of the abrasive, and
as a result, to a decrease in its cutting properties. The flaking large abrasive grains,
falling between the granule and the processed surface, leave deep imprints on the
latter [14].

Volume ratio of abrasive and processed parts.

The volume ratio of abrasive and processed parts in the reservoir is largely
reflected in the productivity of vibration treatment. If the number of parts in the
vibrating machine reservoir is large, then the abrasive granules will be in contact
with the processed surfaces of only individual parts. In this case the treatment
process is implemented slowly. If the number of processed parts is small compared
to the loaded mass of the abrasive, then the possibilities of the vibrating machine
will not be fully used [2].

Chemically active solutions.

Chemically active solutions have different effects on the vibration treatment
process. In some cases, chemical solutions, reacting with the surface layer of the
metal, change its properties and thereby change the intensity of processing. Under
other conditions, the components of the solution, entering into chemical reactions
with the metal, form films on the processed surfaces, which are easily removed by
abrasive granules. Sometimes the solutions may include additives that help restore
the cutting properties of the abrasive, remove processing waste, etc. [15].

Chemically active solutions should not be complex in composition, safe for
maintenance personnel and medium ally friendly when descending into industrial
effluents without sludge and neutralization. The dosage of the applied solution has
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a great influence on the quality of processing and the productivity of the treatment.
Both its insufficient and excessive amount has a negative effect on the treatment
process. The use of chemically active solutions in the cutting process produces a
cooling, lubricating, dispersing and washing effect.

Chemically active solutions with an acidic medium are designed for cleaning
steel parts, destroying and removing scale, and intensifying grinding. Chemically
active solutions with an alkaline medium are designed for rounding sharp edges
and polishing. Entering into a chemical reaction with the surface of the part, they
facilitate micro-cutting and plastic deformation. Solutions with a neutral medium,
having a cleaning and washing ability, are intended for washing and removing
wear products.

In all cases, the use of chemically active solutions of the required
compositions leads to an increase in productivity and an increase in the quality of
vibration processing.

Conclusions.

The development and perfection of existing technological processes of
vibration treatment requires comprehensive research, taking into account the
variety of factors affecting its efficiency and quality. The lack of such data is the
main reason for the insufficient implementation of the vibration treatment process
in the metalworking branches of mechanical engineering and instrument making.
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OCHOBHI TEXHOJIOI'TYHI ®AKTOPHU, 11O BUSHAYAIOTH
E®EKTUBHICTbD I SIKICTh IPOLIECY BIBPAILIIMHOI OBPOBKU

AHoTauis. Brasani axmopu, wo usHauaromv epekmusHicmb ma AKiCmb 6i0payiiuHoi 06pobKu.
Biosnaueno xapaxmephi 6unaoku 63a€Mooii abpazueHux 2epaHyn 3 00poON06AHOI0 NOBEPXHEIo.
O6rpynmosano énuue meepoocmi mamepiany 06poonioeanoi demaini ma Gopmu it nogepxui, a MaKosc
6NIUG XIMIUHO-AKMUBHUX PO3UUHIE HA epexmueHicmb ma sxicmv  sibpayitinoi 06pooxu. [ana
xapakmepucmuka abpasugHux 2pamyn ma ix 06 ’€MHe ChiB8IOHOUIEHHS 3 0OPOONIOBAHUMU OeMANAMU.
Brasano, wo HedooyiHka ModXCIUBOCMEN MEXHON02IU  8I6POOOPOOKU  NOACHIOEMbCA — IXHbOIO
Hedocmamuboio gusdenicmro. Bemanosneno, wo 6ibpoobpobka 6 3anedcHocmi 6i0 Xapakmepucmuxi
ma cKknady o6pobneanrbHo20 cepedosuwa AsNAE Cco00K MexaHiuHuil abo MexaHOXIMiuHull 3tom
OpIOHUX YACMUHOK Memany abo 1020 OKUCHE [ NIACMUYHO20 OeOpMYSaHHs MIKpOHepigHocmell
6HACTIOOK B3AEMHUX 3IMKHEHb ZPAHYN cepedosuwa 3 O06pOONIOBAHOI NOBEPXHEID, BUKIUKAHUX
KONUBAHHAMU pe3epayapa, 6 sKOMY PposMiuyeHi 00pobnosanvhi Oemani. 3asHayeHo, wjo 32i0HO 3
Kaacughixayieto 8i6poobpobKa Hanexcamu 00 Memooie MexaHiuHoi 06pobKuU, a npu 6edeHHi 00 CKIady
PobOU020 cepedosuwya XiMiuHo- AKMUGHUX PO3YUHIE 00 KOMOIHOBAHUX Memoois, 30Kpema 00 epynu
MEXAHOXIMIYHUX MemoOie 0bpoOKu. Takodc 3a3HayeHo, wo 8ibpooopobKa iOHOCUMBC 00 OUHAMIYHUX,
a 3a MEeXHONOSTUHUM NPUSHAYEHHAM — 00 0e3DO3MIPHUX MemOo0i6 00POOKU, 3a BUOOM THCIPYMEHMY, WO
3aCmMocogyEmvcsi — 00 epynu mMemooie 00pobKu ginbhum abpasugom. Becmanoesneno, wo egpexmugnicmo
8IOPO0OPOOKU 3anedHCUmMb 8I0 PeXHCUMi6é KOIUBAHb 8IOposepcmama, macu oopodaoeaHux demaneii ma
epamyn abpasuey, meepoocmi mamepiany Oemaneil ma @opmu ix 06pPOOIOBAHUX NOBEPXOHD,
Xapaxkmepucmuku abpasusHozo cepedosuyd, 00 €MHO20 ChiBGIOHOWeHHs Oemanell ma 2pamyn
abpasugy, a makosc ckiady XimiuHo-akmueHozo posuuty. Haeedeno xapakmepmi unaoku 63aemooii
abpasusHux — epaHyn 3 06pobnweanorr  nosepxueiro.  Bcmawnoeneno  cumyayii  Haubirvuiol
npooyKmueHocmi 06pooKu 0l 6UKOHAHHA onepayill gibpowighysans, GiOPONOIPYBAHHS, MUMMS Md
ouuwenHsa 6i0 oxkanuHu. Biosnaueno, ax meepdicme 06pobnoeanoi demani ma gopma ii nosepxui
BNIUBAE HA NPOOYKMUBHICMb MA AKICMb onepayiil 8i0poobpodku. J{ano xapakxmepucmuky po6o4o2o
cepedosuiya, wo 6NIUBAE HA eheKmusHiCmb ma aKicms 6i6poo6po6Ku, y Momy Yucti OyiHeHO 6NIUG
3epHUcmocmi ma meepoocmi mamepiany adpasueHux epanyi. Posensnymo 06 ’emmui chié8iOHOWEHHS
abpasusy ma 06poobniosanux demaiet. Hageoeri suou ennugy na npoyecu 8iopooopooKu.

KuarouoBi cioBa: 6i6poobpobra; obpobmosani Oemani; pesepsyap; abpazueHi spanyiu, meepoicmy
Mamepiany epanyu; 3epHUCmicns abpasugy, XiMiuHO-akMUSHUL PO3YUH.
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