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REGULARITIES OF VIBRATION FINISHING AND GRINDING
PROCESSING AND DIRECTIONS OF IMPROVEMENT
OF ITS INTENSITY AND QUALITY

Abstract. The data on the labor intensity of manufacturing engineering products and the share of
finishing and grinding operations in the total labor costs of their manufacture are presented. The list
and the degree of mastering the technological operations of finishing and grinding processing,
performed in the conditions of machine-building industries during the last years are given. The grounds
are given for highlighting the method of vibration processing as the most promising for ensuring
complete mechanization of the process of finishing and cleaning, as well as achieving high
technological characteristics of the surface roughness of parts. An assessment was made of the
influence of modes, the trajectory of the movement of the reservoir and the grain size of the granules of
the abrasive medium on metal removal. It is indicated that the intensity and quality of vibration
treatment is estimated quantitatively by the weight removal of metal and qualitatively by the roughness
of the processed surface. It is indicated that the determining factor in this case is the speed of the
oscillating movement of granules and parts, the difference of which represents the speed of vibration
processing, depending on the speed of the oscillating movement of the medium. It is noted that in order
to increase the productivity of the process, it is necessary to increase the speed of the medium by
increasing the frequency and amplitude of the reservoir oscillations. The layer-by-layer transmission of
a force impulse from the bottom of the reservoir to the bulk medium is considered. The physical
meaning of increasing productivity by increasing the amplitude of the reservoir oscillations is indicated.
The conditions for obtaining metal removal are indicated, which provide increased efforts for the
interaction of granules with parts at high micro-cutting speeds. Experimental studies are described to
determine the influence of the amplitude and frequency of oscillations on the results of vibration
finishing and grinding. Graphic dependences of metal removal were obtained for various ratios of the
sample weight to the weight of the medium granule. The dependence of metal removal on the ellipticity
coefficient and the amplitude of the reservoir oscillations was obtained in a similar way. It is noted that
the vertical component of the amplitude during in-plane oscillations of the reservoir is the determining
factor of the complex influence of the parameters of the ellipse coefficient of the trajectory of the
reservoir and its amplitude of oscillations. It has been established that when using a coarse-grained
abrasive, the penetration of grains into the metal of the part occurs to a greater depth and larger metal
chips are removed with a large metal removal. With a small grain size of the abrasive, small chips are
removed with a small metal removal and a decrease in the height of micro-roughness.

Keywords: vibration treatment; technological capabilities; intensity and quality; amplitude and
frequency of oscillations; trajectory of the reservoir; metal removal; ellipse coefficient; granularity of
the medium material.

With the growth of production volumes and the requirements for the quality
of products of mechanical engineering and instrumentation, there is a constant
increase in the volume of finishing and grinding processing.

It is known from domestic and foreign experience that at the present stage, the
share of finishing and grinding processing reaches 10 ... 20 % of the total labor
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intensity of manufacturing parts. In some cases, for example, in the manufacture of
parts from materials that are difficult to machine by cutting and pressure processes,
the labor intensity of finishing and grinding operations can reach 40 — 70 % of the
labor costs for manufacturing the part [1].

The technological operations of finishing and grinding processing include:
deburring; removal of flash and grata; edge rounding; surface cleaning from scale,
corrosion; molding sand residues; grinding and polishing to give shade and shine,
etc. [2].

Studies of various types of finishing and grinding processing have made it
possible to establish the degree of their development in the metalworking industry
in the recent period. These data are as follows: vibration treatment — 23 %; jet-
abrasive — 18 %; belt grinding — 11 %; tumbling — 6 %; polishing wheels and metal
brushes — 5 %; treatment with a stream of compacted abrasive — 2 ... 3 %.

An analysis of technological capabilities and experience in practical
application made it possible to single out the vibratory processing method from the
variety of industrial methods of finishing and cleaning, as the most effective from
the position of mechanization of manual labor while achieving high technological
characteristics of surface roughness and ensuring complete mechanization of the
process of vibration finishing and grinding.

Further, in order to improve the intensity and quality of vibration finishing
and cleaning processing, we will evaluate the influence of the modes and trajectory
of the reservoir movement, as well as of the material grain size of the abrasive
medium granules on the resulting metal removal.

It is accepted that the intensity and quality of vibration treatment is estimated
quantitatively by the weight metal removal from a unit surface area per unit time
and qualitatively by the roughness of the processed surface [3,4].

The determining factor in this case is the speed of the oscillating movement
of abrasive granules and parts, the difference of which represents the speed of
vibration processing. The latter depends on the damping coefficient of the bulk
medium, which in its urn is determined by its elastic properties, the thickness of the
medium layer, the size and shape of the granules, the relative content of the
chemically active solution in the reservoir, the internal friction in the medium, its
air permeability and a number of other factors, the influence of which should be
taken into account almost impossible analytically.

Obviously, to increase the productivity of the process, it is necessary to
increase the speed of the oscillating movement of the medium by increasing the
frequency and amplitude of the reservoir oscillations. Usually, the oscillation
frequency is in the range of 1500 ... 3000 vpm and its increase is limited by the
design capabilities of the vibrating machine units. Running at lower frequencies
causes significant performance degradation. The amplitude of oscillations during
vibration processing is selected within the range of 0.5 ... 6.0 mm. Increasing it
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more than 6.0 mm causes a sharp decrease in the service life of bearing assemblies
of inertial vibration exciters.

The transfer of a force impulse from the bottom of the reservoir to the bulk
medium is carried out in layers — from one layer to another. During vibration
processing, a phase lag is observed in the movement of various layers. There may
be a mode of operation in which the inner or upper layers are in suspension state,
and the lower layer, falling on the surface of the reservoir bottom, again receives
and transmits an impulse to the upper layer, when it has not yet completed its
upward movement. Such a transfer of motion reduces productivity, since layers of
abrasive granules, which are far from the walls of the reservoir, practically stop
removing metal from parts [5, 6].

In this case, the most effective measure to improve productivity is to increase
the amplitude of the reservoir oscillations. The physical meaning of this lies in the
fact that when the reservoir moves upwards, first there is a compaction and elastic
compression of the medium layers with a thickness of & located near the wall.
When the reservoir wall is moved by an amount equal to the amplitude of 4, the
layer is compacted and decreases by an amount A.

Thus, it is shifted by an amount of 4—A . The next layer will not receive an
impulse if the compaction and compression of the first layer by A is greater than
A. The same will happen with the n -th layer, when A > A.

The force F,, of the mutual pressure of the parts and the abrasive granule is
determined by the expression:

F, =& MAo®; 1)

where €= kz/kl, k and k; — coefficients are not constant in value; k — takes
into account the damping properties of the medium and the inertia of the part; k; —

takes into account the decrease in amplitude due to the damping of the medium.
Each point of the cross section of the reservoir has its own values k and k;, which

vary depending on the distance of parts from the reservoir walls and some other
reasons.

By increasing the oscillation amplitude, it is possible to transfer the force
impulse to a layer of much greater thickness. According to dependence (1) at
A=2.5 mmwe have F, =¢2.5-43600=109000 grams.

Increasing the amplitude from 4=1.5 mm to 4=2.5 mm makes it possible
to obtain a greater force than it is achieved by increasing the frequency by
1000 rpm.  With an increase in  amplitude to A=4.0 mm,
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F, =€4-436000] 175000 grams, that is, the force increases by 1.7 times

compared to the first case.

Thus, for the vibration grinding process, when it is necessary to remove a
defective metal layer from the surface to be treated, as well as for cleaning
operations, large amplitudes should be used, providing increased interaction forces
between granules and parts, as well as high micro-cutting speeds along with high
values of the parameters of the elastic-plastic deforming.

For finishing operations, on the contrary, large vibration amplitudes are
unacceptable, since in this case it is not required to remove a significant layer of
metal from the surface to be treated, but to increase its purity with a decrease in the
height of micro-roughness., Therefore, the designs of vibrating machines that allow
changing the amplitude and frequency of processing in a wide range receive all
greater distribution [7].

It is extremely difficult to analytically determine the influence of the
amplitude and frequency of vibrations on the results of grinding and polishing due
to the large number of factors that affect the results of processing. This can be done
more simply and accurately experimentally. The corresponding experiments were
carried out on cylindrical samples of steel 45 DSTU 7809:2015 (steel 45C
DIN EN 10083-2) weighing 25, 50, 100 and 300 grams. Mineral-ceramic plates
weighing 10 grams were used as an abrasive medium for all experiments.

Obtained as a result of the experiment, the dependence of metal removal from
1 cm?of the surface of the samples on the oscillation frequency at a different ratio
of the weight of Q sample to the weight of q granules of the medium is presented

graphically (Fig. 1).
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Figure 1 — Dependence of metal removal on the oscillation frequency and relationships
Q/q=25;5;10; 30
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The difference in the removal of metal from the samples when the ratio Q/q

changes from 2.5 to 30 is explained by a large decrease in the speed of movement
of heavy parts when they are removed from the reservoir walls compared to light
ones. This leads to an increase in the relative speed between the part and the
granules and, therefore, to an increase in the efficiency of the operation.

As the frequency increases, metal removal increases rapidly at first, then
slows down. This can be explained as follows. With an increase in the oscillation
frequency, the impulse from the walls and bottom of the reservoir is transmitted
only to the layers located near these surfaces, with a frequency corresponding to
the oscillation frequency of the reservoir. The layers, however, remote from the
walls and the bottom, receive an impulse of the opposite sign even before the end
of the movement in the original direction. So their movement is damped [8].

The dependence of metal removal on the ellipse coefficient K, and the

amplitude 4 of the reservoir oscillations has been obtained in a similar way
(Fig. 2). It can be considered linear within 4=0.5...6.0 mm.
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Figure 2 — Dependence of metal removal on the ellipse coefficient and the amplitude
of the reservoir oscillations: 1 — Ay =1 mm;2- Ay =2 mm;3-— Ay =3 mm;

4— Ay=4 mm; 5 — Ay:5 mm
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The results of experiments to determine the removal of metal, depending on
the grain size of the material of the granules of the abrasive medium, are presented
graphically (Fig. 3).

The greatest removal of metal at all investigated amplitudes is observed at
KA =10..15, and within these limits of fluctuations K, the removal of metal
changes insignificantly. This allows you to adjust the trajectory of the reservoir

motion with less accuracy, which speeds up and simplifies the adjustment of
vibrating machines.
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Figure 3 — Dependence of metal removal on the grain size of the material
of the granules of the abrasive medium

At a value of K, =20..25, an increased number of micro-nicks are

observed on the processed surfaces of parts, the depth of which reaches 0.1 mm.
For grinding, the most productive modes will be those that have K, close to unity.

The removal of metal is decreased with a decrease in the material grain size
of the abrasive medium granules. This is especially noticeable in the grain size
range of 2.5 ... 5.0 um. An increase in the grain size of grinding powders in the
range from 5.0 to 7.0 pm also leads to a decrease in metal removal. However, the
use of fine-grained abrasive media allows to obtain a higher surface quality.

Conclusions
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1. An analysis of the theoretical and experimental studies carried out showed
that an increase in the frequency of oscillations, depending on the accepted ranges
of its change, has a different effect on the intensity and quality of the process.
However, in all cases, there is a clear tendency to increase the productivity of
vibration processing with an increase in the frequency of vibrations of the vibrating
machine reservoir.

2. The amplitude of the reservoir oscillations, as well as its frequency, has a
significant impact on the intensity of the vibration treatment process, where the
fundamental effect on the medium is the vertical component of the amplitude
during in-plane oscillations of the reservoir. The conducted studies have a general
tendency to increase the intensity of vibration treatment with an increase in the
amplitude of vibrations of the vibrating machine reservoir.

3. Experimental studies have established that when using a coarse-grained
abrasive, the number of grains in contact with the processed surface decreases. In
this case, the penetration of grains into the metal occurs to a greater depth and
larger metal chips are removed with a significant metal removal. With a small
grain size of the abrasive, the number of contacts with the processed surface
increases. This contributes to the removal of small chips and a decrease in the
height of the micro-roughness of the processed surface with a small metal removal.
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Amnnpiit Minuk, Bonogumup ®enoposuy, Xapkis, Ykpaina

3AKOHOMIPHOCTI TPOLIECY BIBPALIIMHOI
03/10BJIIOBAJIbHO-3AUYHILNYBAJILHOI OBPOBKU I HATIPSIMKU
BJIOCKOHAJEHHSI if IHTEHCUBHOCTI TA SIKOCTI

AHoTauiss. Hagedeno Oaui mpyoomicmkocmi 8U20mMosieHHs Upodi6 MAuUHOOYOY8AHH MA Y4ACMKU
03000.1108A1bHO-3A4UWYBATLHUX ONEPAYill Y 3a2albHUX MpyO0osumpamax ix eueomosnenus. Jlano
nepenix ma cmyninb 0C60ECHHsI MEXHONOIUHUX ONepayii 030001108aNIbHO-3A4UULY8ATLHOT 0OPOOKU, WO
BUKOHYIOMBCS 8 YMOBAX MAWUHOOYOIBHUX BUPOOHUYME 3a ocmaHHill nepiod. Hasedeno niocmasu ons
BUOIIEHHs MemoOdy GIOpayiinoi 0bpobKu 5K HAUGLILUL NEPCREeKMUBHO20 O 3a0e3neuents. NOGHOI
MexaHizayii npoyecy 030001108a1bHO-3a4UWYBATLHOI 0OPOOKU, d MAKONMC OOCACHEHHS BUCOKUX
MEXHON0IUHUX XAPAKMEPUCTIUK WOPCMKOCTI NOGepXHi demaell. 30iliCHeHO OYIHKY GRIUGY DeCUMIS,
mMpackmopii pyxy pesepeyapa ma 3epHUcCmocmi Zpanyn abpasusHo2o0 cepeoosuya Ha 3tUoM Memaiy.
Brasano, wo inmencugnicms ma sKicmo 6i0payitinoi 06poOKU OYIHIOEMbCA KiNbKICHO 3a 8a208UM
3H0MOM Memany I AKICHO 3a wiopcmxicmio 06po6noeanoi nosepxwi. Brasano, wo eusnHauanbHum
akmopom npu yboMy € WEUOKICHL OCYUNAYILIHO20 PYXY SPanyil i Oemaneil, pisHUYs AKUX NPeOCmasnsie
wieuoKicms 8i6payitinoi 0bpoOKU, AKA 3anedcums 6i0 WEUOKOCII OCYUNAYIUHO20 PYXY cepedosuiyd.
Biosnauerno, wo nioguwjeHHss NPOOYKMUBHOCH Npoyecy CAi0 ULIAXOM 30IIbUeHH Yacmomu ma
amniimyou Konueamv pesepsyapa 36inbuwumu weuokicme pyxy cepedosuwjd. Posensmymo nowapogy
nepeoauy cuno8o2o iMnyIbLCy 6i0 OHUWA pe3epeyapa 00 HACUNHO20 cepedosuwd. Braszano ¢hisuune
3HAYeHHA NIOBUWEHHA NPOOYKIMUBHOCI WINAXOM 30ilbUleHHs aMniimyou KoIueaws pes3epeyapd.
Brasano ymosu ompumanna 3iomy memarny, wo 3abe3neuyionb nioguujeHi 3ycunia 63aemooii pamyi 3
Ooemanamu HA BUCOKUX WBUOKOCMAX MIKpopisanHsa. ORucamo npoeeoeHHs eKCnepumMeHmaibHux
00CIOHCEHb W00 BUSHAYEHHSA 6NIUBY AMANIMYOU MA YACMOMU KOAUSAHb HA pe3ybmamu 6ibpayiiHoi
03000671108a1bHO-3a4UWY8ATLHOTI  00pOoOKU. Ompumano epadiuni 3anredcHOCmi 3UOMYy Memdany npu
PISHOMY CNi68IOHOWEHHI 6a2u 3pasKka 00 6a2u Zpanyiu cepedosuujd. AHANOSIYHUM YUHOM OMPUMAHA
3anexcuicmy  3tomMy memany 6i0 koeiyichma enincnocmi ma amnaimyou Koaueanb pe3epeyapd.
3asznaueno, wo eepmuxanrbHa CKA006a AMAAIMYOU NPU NIOWUHHUX KOJIUBAHHAX pe3epsyapa €
BUSHAYATLHUM (PAKMOPOM KOMNIEKCHO20 8NIUEY NApamempis KoeiyieHma enincHocmi mpaekmopii
PYXy pesepeyapa ma 11020 amnaimyou Konueawv. Bcmanoeneno, wo npu  eukopucmanmi
KPYNHO3epHUCTO20 aOpa3uey NPpOHUKHEHHS 3eper y Meman oemani 6i06yeaemvcsa Ha 6eUKY 2IUOUHY
ma 8uOanAEMbCs OinbUla Memanesa CMpyscKa 3 8enukum suomom memany. Ipu maniti seprucmocmi
abpazugy 6i00yeacmvcs uoanents OpiOHOI CMPYIICKU 3 MATUM 3UOMOM MemAany ma 3MeHUWeHHAM
8UCOMU MIKDOHEPIGHOCMEI.

KurouoBi ciioBa: sibpayitina 06podKa; mMexHON02IUHI MOMCIUBOCI, THMEHCUBHICMb ma AKICMb,
amniimyoa ma Yacmoma KOMUBAHb, MPAEKMOpPIs pyXy pesepeyapa,; 3UoM Memany; Koegiyicnm
eNinCHOCI, 3ePHUCTICTNG Mamepiany cepedosuwyd.
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