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Abstract. The main provisions of the classification of the vibration processing process depending on the
characteristics and composition of the processing medium are given. It is established that vibration
processing is a mechanochemical removal of metal particles and its oxides, and plastic deformation of
the microroughness of the surface of the part. It was found that vibration processing is related to
mechanical dynamic processes, when using chemically active solutions it is related to mechanochemical
processes, according to technological purpose to dimensionless processes, according to the type of tool
— to processing with free abrasives. It was determined that vibration processing is characterized by the
dynamic mechanochemical effect of abrasive medium granules on the treated surface and the acoustic
effect of shock waves. It has been established that the features of mechanical and physicochemical
phenomena of vibration processing differ in the physical properties of the granules of the medium, the
characteristics of the material of the processed parts, the dynamic nature of the process, the composition
and properties of the chemically active solution. A classification of defects in the formation of parts,
controlled parameters and vibration processing operations is given. The technological capabilities of the
processing are presented, these are micro-cutting and surface plastic deformation, the effect of variable
accelerations and continuous application of micro-impacts to the surface being processed, which ensures
the dynamic nature of the process and creates conditions for strengthening and stabilizing processing.
The design of the vibration machines allows the use of various compositions of solid, liquid and mixed
compositions of working media. To increase the efficiency of the process, a variable scheme for combining
technical solutions of new varieties of the vibration processing process is proposed. It has been
established that by combining various combinations of technological and design parameters it is possible
to expand the scope of application of the vibration finishing and cleaning process based on the creation
and implementation of its varieties.

Keywords: vibration finishing and cleaning; process classification; workpieces; classification of
shaping defects; combination of technical solutions; area of application of the process; process varieties..

1. General provisions for the classification of vibration machining
processes
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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 as a result
of mutual collisions of the granules of the medium with the processed surface of the
parts caused by vibration of the tank in which the processing medium and the
processed parts are placed.

In accordance with the accepted classification, vibration processing is related
to mechanical processing processes, and when chemically active solutions are
introduced into the working environment, it should be classified as a combined
process, in particular, as a group of mechanochemical processing processes.

Vibration machining is a dynamic and, by its technological purpose, a
dimensionless machining process. By the type of tool used, it is a free abrasive
machining process [1].

2. Basic phenomena and features of the vibration processing process

In general, vibration processing is characterized by the following phenomena:

— dynamic impact of the processing environment in the form of multiple
collisions of its granules with the surface of the workpiece;

— mechanochemical interaction of the abrasive medium and the material of the
part;

— acoustic impact of shock waves.

The features of mechanical and physical-chemical phenomena during vibration
processing are as follows:

— physical properties of abrasive granules of the medium;

— characteristics of the material of the parts being processed;

— dynamic process parameters;

— compoasition, properties and quantity of chemically active solution.

The efficiency of the vibration processing process, assessed by the weight
removal of metal from a unit of surface area of the processed part per unit of time,
depends on the intensity of mechanical and chemical effects and the ability of the
part material to resist the action of these phenomena [2].

3. Classification of defects in the formation of parts,

controlledparameters and operations of the vibration processing
process
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The results achieved when performing various processes of processing a part
are determined by the nature of the interaction of these parts with the working
environment, as well as the processing modes. The interaction characteristics are
considered as a general concept that includes the nature of the movements performed
by the workpieces and the working environment and the forces that arise in this
process.

Vibration processing and its varieties are considered as a combination of the
effects of several types of energy and schemes during technological operations such
as casting, pressing, forging, hot and cold stamping, processing on metal-cutting
machines, which are accompanied by the formation of defects on the surface of the
processed parts, causing deviations in their shape, accuracy and roughness from the
specified values. These defects in the production of parts must be removed before
assembly operations of the products and their further operation.

For the final processing of parts, defects acquired at various stages of their
manufacture are classified from the standpoint of the structure and features of the
technological processes for obtaining blanks of these parts (Fig. 1).
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Fig. 1 Classification of surface shaping defects of parts subject to removal by
finishing and cleaning treatment
All defects in the formation of the surface of a part in metalworking production

are removed by carrying out various finishing and cleaning operations, the
classification of which is given below (Fig. 2).

Vibration finishing and cleaning operations in
metalworking industries
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Fig. 2 Classification of vibration finishing and cleaning operations used in
metalworking industries
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When considering cleaning operations, the controlled parameter of the
processing process is the degree of cleanliness of the parts from metallic and non-
metallic defects physically and chemically connected to the material of the part. In
addition, the effect of the duration of processing on the surface cleanliness is
controlled, which is illustrated graphically (Fig. 3) [3].

4. Technological capabilities of the vibration processing process

An examination of the technological capabilities of the vibration processing
process shows that they consist of a complex effect of a number of factors on the
processed surfaces of parts [4]:

— multiple micro-impacts of the working medium granules, ensuring uniform
impact on the surfaces of the parts being processed,;

— variable accelerations causing shock wave processes and bending stress in
the workpieces;

— chemically active solutions that cause physical and chemical processes;

— intensive movement of the working environment and workpieces.
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Fig. 3 Effect of processing time on the surface finish of castings
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By analyzing the values of each of the listed process factors, we can imagine
its technological capabilities, which are as follows:

— Micro cutting and surface plastic deformation are the main elements of
the vibration machining process. The absence of a rigid connection between the part
and the tool eliminates the possibility of effective and controlled influence on the
geometric dimensions and shape of the part. Therefore, the vibration processing
process is dimensionless, i.e. does not determine the shape and dimensions of the
parts being processed.

— The effect of variable accelerations at different orientations of the
workpieces and continuous application of micro-impacts to the workpiece surface
ensures the dynamic nature of the process, shock-wave phenomena and the
performance of such operations as removal, alignment and creation of optimal
residual stresses ensure its stabilization at a certain level. Conditions are created for
the implementation of strengthening and stabilizing treatment.

The design of the vibration machines and the long-term vibration processing
process allow for the placement and use of various compositions of solid, liquid and
mixed compositions of working media, as well as changing their temperature. This
creates conditions for both mechanical processing processes and physical-
mechanical processes of their combination by introducing powder materials,
solutions, suspensions, and electrolytes into the working environment, which
intensifies the processing process.

5. Improving the efficiency of the vibration machining process

Consideration of the issue of increasing the efficiency of the vibration
processing process made it possible to propose a variable scheme for combining
technical solutions for new types of vibration processing processes (Fig. 4) [5].

When implementing process variations, according to the hardware design
options of the technological system "tank with working medium - device with
workpieces" in the tank of the vibratory machine, an energy effect is formed that
creates a general circulation character of the cyclonic movement of granules of the
working medium, freely penetrating to all hard-to-reach areas of the surface of the
workpiece, which leads to high intensity of processing, the control of which is
carried out by choosing rational combinations of the values of the amplitude-
frequency parameters of the oscillatory movement of the tank and the device with
workpieces, as well as the rotational movement of the spindle and impeller of the
vibratory machine.

The workpieces are given additional types of oscillatory and rotary motion by
installing them in machine tools, spindles and other devices. By combining various
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Fig. 4 Variable scheme of combining energy impacts and design elements of technical
solutions of new types of vibration processing methods
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combinations of technological and design parameters, it is possible to significantly
expand the scope of application of the vibration finishing and cleaning process based
on the creation and implementation of its new varieties [6].

Of all the problematic, from the point of view of finishing and cleaning
processing, nomenclature of parts of drive and distribution mechanisms, as well as
parts of the type of body of revolution, such as disks, bushings, coils, pulleys, gear
wheels and others, having a symmetrical surface shape and central through holes,
which can be used for basing and fixing in devices of working bodies of vibratory
machines.

6. Conclusions

1. It has been revealed that the process of vibration processing is a complex of
interrelated phenomena involving: microcutting; elastic-plastic deformation;
activation of the surface layer of the metal; formation and destruction of secondary
structures, repeating with the frequency of the action of the disturbing force.

2. It has been established that chemically active solutions perform the
following functions during vibration processing: intensification of the process by
chemical action on the processed surfaces of the part; cooling of the part during
processing; removal of wear products from the reservoir; prevention of sticking of
flat parts.

3. A variable scheme of hardware design of the technological system “tank
with working medium — device with workpieces” is proposed, the use of which
creates favorable conditions for processing parts with complex-profile surfaces with
a free abrasive medium.
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Amnppiit Minuk, Bonogmvmup ®enoposmd, Haranis Ko3akosa, Xapki, Ykpaina

CYTHICTb IIPOLIECY BIBPALIMHOI O3/JOBJIIOBAJIBHO-
3AYMIIYBAJIBHOI OBPOBKH, ii TEXHOJIOI'TYHI MOKJIMBOCTI
TA HIJISIXHU NIJIBUIEHHS EOEKTUBHOCTI

AHoTauis. Haeedeno ocrosmi nonodicenns kuacugikayii npoyecy 6ibpayitinoi 0OpooKu 3a1eicHo 6i0
Xapakmepucmuk ma cKkiady o6pobnoco cepedosuwja. Bemanoeneno, wjo si6payiina obpobra €
MEXAHOXIMIYHUM 3HIMAHHAM YACMUHOK MEmany ma o020 okcudis, ma niacmudHum 0e@opmy8aHHAM
MIKpoHepieHocmell nogepxHi oemali. Buseneno, wo sibpayitina 06po6Ka 6iOHOCUMbCS 00 MEXAHIYHUX
OUHAMIYHUX NPOYECi8, NPU UKOPUCIAHHI XIMIYHO-AKMUBHUX PO3UUHIE T BIOHOCAMb 00 MEXAHOXIMIYHUX
npoyecie, 3a MeXHONOIUHUM NPUSHAYEHHAM 00 Oe3pO3MIpHUX Npoyecis, 3a 6UOOM IHCHPYMEHMY 00
00po6Ku 8ibHUMU abpazusamu. Busnauero, wo 6iopayiiina 06podKa Xapakxmepuzyempcsi OUHAMIYHOK
MEXAHOXIMIYHOIO OIEI SPaMYIl ABPAUBHO20 Cepedosuwa Ha 0OPOOII8AHY NOBEPXHIO MA AKYCIMUYHUM
BNAUBOM YOAPHUX X6UTb. BCmanoeieno, wo ocoOaueocmi MexauiuHux ma @isuko-XiMivHux sAeuuy
8IOpayiiiHoi  00pOOKU  GIOPISHAIOMbCA  (PI3UUHUMU  BIACMUBOCMAMY — 2PAHYIL  Cepedosuuyd,
Xapakmepucmukor mamepiany o6pobnosanux oemainetl, OUHAMIYHUM XAPAKMEPOM Npoyecy, CKIAO0OM
ma e1acmueoCmAMU XIMIYHO-AKMUGHO20 po3yuHy. Jana knacugpikayis Oeghekmis hopmoymeopenHs
demaii, KOHMPOILOBAHUX NAPAMEMPI6 Ma onepayiil 8iopayitinoi 06pobxu. [Ilpedcmaesieni mexHoN0IUHI
Moxcnusocmi npoyecy o6podKu, ye MIKpOpI3aHHs ma nogepxnese niacmuiHe 0eopMySaHHs, GHIUE
3MIHHUX NPUCKOpeHb ma 0Oe3nepepeHe HAHeCeHHs. MIKpoyoapié no 06poOnoeawili NOGepXHI, ujo
3a6e3neuye OUHAMIYHULL Xapakmep npoyecy ma CMmMeOpPIE YMOBU 3MIYHIOBALHOL ma cmabinizayitiHoi
00pobKu. Koucmpykmuene 6UKOHAHHA GiOposepcmamie 003801A€ 3ACMOCO8Y8aAMU  Di3Hi  CKIAOU
meepoux, pioKux ma smiwanux ckaaoie pobouux cepedosuwy. /s niosuwjents egpekmueHocmi npoyecy
3aNpPONOHOBAHO BAPIAMUGHY CXeMy KOMOIHY6aHHS MEXHIYHUX pPiuleHb HOGUX PI3HOGUOI8 npoyecy
sibpayiiinoi  06pobKku. Bcmanosneno, wo KOMOIHYIOUU PI3HI NOEOHAHHA MEXHONO2IYHUX ma
KOHCIMPYKMOPCOKUX NAPAMEMPI6, MONCIUBO POIWUPUMU 0OIACHTb GUKOPUCMANHS NPOYecy 6I0payiunoi
03000671108aTbHO-3A4ULYBATLHOT 0OPOOKU HA OCHOGI CINGOPEHHS A 6NPOBAIICEHHS i1 PIZHOBUDIE.
KaiouoBi cioBa: eibpayiiina 030001108a1bHO-3auUWY8AIbHA  00pOOKA,  Kiacugikayis npoyecy;
06pobmosani demani; kracugixayias oegexmie Gopmoymseopens; KOMOIHYGaHHA MEXHIYHUX DieHb;
0011aCb GUKOPUCTAHHA NPOYECY.
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