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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EXPERIMENTAL STUDY OF OPTIMAL PARAMETERS
OF PNEUMATIC MOTOR OF VIBRATION TABLE
FOR INERTIAL VIBROABRASIVE MACHINING THE PARTS
ON THE BASIS OF BERYLLIUM OXIDE

Abstract. In this paper, attention is paid to solve a number of issues related to the experimental study of the
vibration table of inertial vibroabrasive processing improved by equipping it with pneumatic actuator providing
rotary oscillating movement of the tool thanks to the compressed air and ejection of processed products and filtering.
For each type of structural arrangement of the holes outside a series of tests were conducted with different values of
the cross sectional area outside the holes and different values of supply pressure, while the other parameters were
fixed. Studies were carried out to determine the optimal values of the radius of the inlet nozzle, the radius of the
atmospheric hole mass of roller. For maximum performance, handling and collection of waste products and their
filtering control of the geometric parameters of the air supply was performed.

Keywords: vibrating table, vibroabrasive processing, amplitude, vibration processes, oscillation frequency,
optimization.

Introduction. In engineering technology, there are still processes that cannot be fully automated for
some objective reasons. Such processes include, for example, surface cleaning parts before coating,
polishing surfaces of molds, surface refinement of details covered by non-metallic materials. Finishing in
abrasive environments is the most productive method, as it allows to mechanize and automate manual
finishing operations descaling, rust, burrs from cast billets, deburring parts after stamping dimensionless
grinding, buffing and polishing, and surface preparation for electroplating and coatings. And you can
make processing of the details from a few fractions of a gram to large forgings and castings. Vibratory
equipment is used for the treatment of a wide range of parts in mass and serial production [1].

Improving the efficiency and intensification of production processes is largely due to their auto-
mation and mechanization. Achieving these goals is accompanied by extensive use of vibration
technology. For the implementation of vibration exposure there are widely used vibration machines -
vibrators used in industry technologies: transportation, vibration compaction, dosing of loose materials,
etc. Excitation of vibrations at various frequencies and given laws force effects in various technologies is
concerned with certain technical features associated with the applicable principles for the formation of the
vibrator [2, 3]. Thus, the experimental research towards optimizing the parameters of the vibration
actuator of the pneumatic vibration table designed for high-performance and safe handling of parts based
on beryllium oxide is relevant.
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Methods and results. Vibrotable for vibroabrasive surface treatment of parts with a pneumatic
vibration actuator was developed after a study of the interaction of the flow of compressed air with a
roller, placed freely in the swirl chamber [4-6]. Rounding the roller along the inner wall of the swirl
chamber occur due to uneven distribution of pressure on its surface. Process possibility of using this type
of device for surface treatment - applying pasty coating, their smoothing or cutting them after polyme-
rization, and the abrasion. Complex planetary motion tool provides high-quality treatment, and because
there is no need for mechanical fixing it excludes time on the sticker and plywood products [7]. Studied
process led to the idea of creating a simple and efficient pneumatic actuator of the vibrating table shown in
figure 1.

Al

Figure 1 — Scheme of pneumatic vibration table

Vibrating table for vibroabrasive treatment (figure 1) is a structure consisting of a base 1, a movable
frame 2 fixed on elastic supports 3, housing of vibration unit 4, inlet 5 and outlet holes 6, external 7 and
internal 8 tubes of the tubular element, cylindrical chamber 9, unbalanced mass 10. Vibrotable operates as
follows: the unbalanced mass 10, driven by a flow of compressed gas supplied through the tangential inlet
5 rolling off the inner cylindrical surface of the body of a vibroblock 4 forms vibration that, accordingly,
makes movable frame 2, 3 fluctuate on elastic supports, mounted on a base 1 Exhaust gas is discharged
through outlet openings disposed tangentially in the outer tube 6 of the tubular element 7. Further twisting
gas slips through the annular gap formed by the end face of the inner tube 8 and the inner annular tapered
bore of the outer tube 7, forming thereby an ejection nozzle that creates a low pressure area in front of the
end face of the inner tube 8 which is connected on the other side with the outer surface of the movable
frame on which vibro - treatment of workpieces takes place and processing waste is pulled. The swirling
gas mixed with processing waste flows into a cylindrical chamber 9 with the inner contoured surface
defining a centrifugal filter, on the walls of which the elongated process waste is deposited, and the puri-
fied exhaust gas is discharged through an opening in the upper part of the cylindrical chamber 9.

Figure 2 shows a diagram of the assembly of a vibration motor. To reduce the contact area with the
cylinder body during rolling off and to improve the starting and kinematic characteristics of the vibration
motor an annular groove depth of 0.5 mm is made on the inner surface of housing.

Adjustment of vibration parameters can be made either by changing the supply pressure, either by
changing the weight of the cylinder. For weight reduction - cylinder has axial bore for all other constant
parameters (height and radius). Designed pneumatic vibration table is easy to manufacture, operate and
maintain, reliable, easy to disassemble (all junctions are separable) and compact. It is known that the
frequency of vibrations acting on a pneumatic roller, it is possible to obtain on the basis of the equation of
balance of forces [8, 9].
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Figure 2 — Diagram of the assembly of a vibration motor pneumatic vibration table

This vibration motor is unpretentious in work, not picky about the quality of compressed air and does
not require lubricant. For experimental research vibration table has been made on the basis of pneumatic
motor prototype. Experimental vibration table consists of a pneumatic vibration drive with the exhaust
nozzle in the central tubular member, a support flange, spring- writing element with a spring in the face,
and writing element is free to move along the axis of the drive, air preparation unit, consisting of a
compressor, receiver, pressure regulator, gauge and sheet of heavy paper.

Applying compressed air to the tangential supply nozzle, the latter begins to vibrate in a horizontal
plane at a frequency f and amplitude A. When moving with approximately constant speed vibrating
spring- writing element on the sheet of paper it imprints spiral - waveform trace on the piece of paper.
Vibration frequency is calculated by dividing the number of turns of the waveform to the corresponding
time during which measurements are made, at the same time, the origin of coordinates is selected provided
when the system reaches a steady mode. Experimental determination of the structure of the exhaust nozzle
of the motor of the vibration table [10-12]. Vibration motor for the highest frequency characteristics must
possess optimum design parameters, in particular, must have optimal location of the outlet nozzle and its
orifice [13]. For this it was decided to conduct experiments in order to find the optimal location of
atmospheric holes. For the experiments we used a prototype pneumatic vibration motor with a roller
weighing 0.1 kg. For the study three of the exhaust nozzle design shakers with different locations outside
the hole were set up: Type A - three holes in the lid body of the vibration motor, figure 3a. Type B -
tangential hole in the cylindrical shell of the vibration motor, figure 3b. Type C - the radial holes in the
central tubular member of the vibration motor, figure 3c.

For research experimental vibration table was used. For each entry nozzle type, series of experiments
with different values of radius and the outlet at different pressures of supplied compressed air were
conducted. The experimental results shown on graphs are plotted in figures 4-7, describing the dependence
of the frequency-amplitude characteristics of pneumatic motor on the ratio of migratory areas of inlet and
outlet nozzles at different supply pressures.

a b c

Figure 3 — Design of the output nozzle of the vibration drive with a different location of the atmospheric hole:
a - output nozzle according to type A, three holes in the housing cover of the vibration motor;
b - output nozzle according to the type B, the tangential opening in the cylindrical shell of the vibration motor;
¢ - output nozzle according to type C, the radial holes in the central tubular member of the vibration motor
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Figure 4 — Dependence of the vibration frequency on the ratio of the radius of the inlet nozzle to the outlet,
the supply pressure is 100 kPa, the radius of the supply nozzle is 2 mm
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Figure 5 — Dependence of the vibration amplitude on the ratio of the radius of the inlet nozzle to the outlet,
the supply pressure is 100 kPa, the radius of the supply nozzle is 2 mm
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Figure 6 — Dependence of the vibration frequency on the ratio of the radius of the nozzle inlet to the outlet,
the supply pressure is 200 kPa, the radius of the supply nozzle is 2 mm

— 187 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

4
3900 N\ %
3,8 N\
3,7- ( Type A

| W TypeB
2”2 O Type C

3,41
3,3
3,2
3,1

Amplitude, mm

0 1 1,5 2 3 3,5

rir,,

Figure 7 — Dependence of the vibration amplitude on the flow radius of the exhaust nozzle,
the supply pressure is 200 kPa, the radius of the supply nozzle is 2 mm

Relative error of the experiments is as follows [14, 15]:

£ Fon -
¢ o fy 19727183

) -100% =38 %, 1)
2f 2-19,08

which is quite acceptable in the present case.

Analyzing the charts it has been seen that the highest frequency characteristics at the same parameter
is given by the nozzle according to type C, so this type of outlet is accepted as a basis for the design of the
vibration motor.

Determination of the ratio of depression in the inner tube of the tubular element on the pressure for
different values of the gap ejector [16, 17]. It is experimentally and analytically determined that the
amount of dilution is affected by the gap ejector. The optimal value of this gap has critical effect on the
dust extraction, so to maximize efficiency of removal of processing waste it was decided to adjust the gap
on the vibrating table and to experimentally determine the dependence of vacuum in the inner tube of the
tubular element of pressure for different values of the gap ejector. For the experiments to study the ejector

z=0,8mm
z=0,4mm

z=0,7mm

EOO®DO

z=0,6mm

Depression in ejector, kPa

100 200 300
Supply pressure, kPa

Figure 8 — Dependence of the vacuum in the inner tube of the tubular element
on pressure for different values of the gap of the ejector
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the experimental vibration table with attached compressor, pressure gauge and vacuum gauge was used.
When turning on the experimental vibration table in the central channel there was created vacuum, that
was recorded by the vacuum gauge. Initialy, the minimum gap was set equal to 0.4 mm, then by adjusting
the value increased by 0.1 mm to 0.8 mm. The results of the experiment are plotted in figure 8.

The results of the experiment are presented in table.

Negative pressure in the inner tube of the tubular member for various values of the gap of the ejector

P =100 Pa P =200 kPa P =300 kPa
P., kPa (z=0,4 mm) 5 17 23
P, kPa (z=0,5 mm) 10 23 32
P,, kPa (z=0,6 mm) 10 22 31
P., kPa (z=0,7 mm) 7,5 20 30
P, kPa (z=0,8 mm) 5 13 19

Performance of the material removal. Many of the smaller component parts, such as the base
substrate holders for discrete devices such as diodes, transistors, integrated circuits, solid-state circuits,
microchips, etc. made of beryllium oxide. During the manufacturing process, all these parts are subjected
to the flat grinding treatment, which is characterized by low processing capacity compared to vibro-
abrasive treatment [18, 19].

Tests were conducted on ceramic insulators. During processing there is dust of about 120 cm® per
side. Beryllium oxide is toxic in powdered state (the first class of hazard), for this reason the machine is
hermetically sealed in a tanker. The maximum permissible concentration (MPC) for beryllium oxide is
0.0006 mg/m’. Beryllium oxide dust content in the existing production in the atmosphere inside the
hopper is 0.0024 mg/m’ outside is 0.0014 mg/m’, which is 2.3 times higher than the MPC.

The concentration was determined by the reference exhaust to the local filter and its combustion and
subsequent chemical analysis and determination of the amount of matter captured [20].

Proposed pneumatic vibration table can be used without sealing tanker. Drafting air with processing
products comes directly from the work area and then partially being filtered using a centrifugal filter
misses the exhaust filter-ventilating system, reducing the concentration of beryllium oxide in the working
area of the rooms to 0.0004 mg/m’, which is 1.5 times lower than the MPC and 3.5 times lower than in the
existing production.

Conclusions. On the basis of these results we can draw the following conclusions:

1. Experimentally proved that the best frequency response (with the same parameters) has a vibration
motor design, in which the output radial holes are formed in the central tubular member shakers.

2. Experimentally established that the highest productivity of processing waste dust removal of parts
of selected class of the developed pneumatic vibration table gives the ratio of the gap of ejector to the
inner radius of the tubular member within 3...3.5. With optimal parameters of pneumatic vibration table
maximum capacity of dust collection is 97 %, which can be considered satisfactorily and with increasing
vertical load on vibro-tanker pneumatic vibration table from 10 N to 100 N vibration amplitude decreases
and the vibration frequency remains unchanged.

3. It is analytically identified and experimentally proved that to increase the rate of compressed air
through the inlet air pressure in the cylinder chamber of the pneumatic vibration motor should be reduced ,
and to increase the ejection of dust processing waste - increase .

4. It was established experimentally that the proposed pneumatic vibration table eliminates the need
for sealing tanker and the drafting air with products processed comes directly from the treatment area and
then partially being filtered using a centrifugal filter falls into the exhaust system of filtering, reducing the
concentration of beryllium oxide in the working area of the rooms to 0.0004 mg / m® which is 1.5 times
lower than the MPC and 3.5 times lower than in the existing production.

5. New multifunctional technological equipment for inertial vibroabrasive machining based on
beryllium oxide was developed, which eliminates the time for the sticking and plywood of parts, increases
productivity, industrial and environmental safety, due to the simultaneous vibrational rotational movement
of the tool, the ejection of products processed and filtering.
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BEPWJLJINI OKCHII HETT3IHJE TETIKTEPII MHEPIMSLIBIK JIPLIII
ABPA3UBTIK OHJIEY YIUIH JIPLIJI YCTEJIH ITHEBMATHKAJIBIK )KETETTHIH
TUIMJII TAPAMETPJIEPIH AJTY BOMBIHIIIA DKCOEPUMEHTTIK 3EPTTEYJIEP

AnHoTanusi. Makanajga ChIFBUIFAH aya eceOiHeH KypaiJblH POTalMsJIBIK TepOeaMeni KO3FaJIbIChIH, OHJCY
OHIMJIEPiHIH KEKLUSICHl MEH OJIapJblH CY3TiUIeHylH KaMTaMachl3 €TETiH IHEBMATHKAaJbIK KETEKIEH jKaOJbIKTay
apKbUIBl JKETUINIPUIreH WHEPUMSUIBIK Jipiinal aOpa3suBTIK OHIEY YIUIH apHalFaH JIipUIal yCTeNIl SKCHEePHUMEHTTIK
3epTTeyMEeH OaliylaHbICThI OipHelIe CypakTapra KoHi1 OemiHreH. ATMocdepaiblK TECIKTIH KYPhUIBIM/IBIK OPHAIACYbI-
HBIH opOip Typi YIIiH aTMocdepasblK TECIKTIH KeJIeHEeH KUMAChIHBIH OpTYPJi IIeMi )KoHe KBICBIMHBIH SpTYpIIi
MoHJepi Oap Oipkarap 3KCIIEpUMEHTTEp OPBIHAAJIBI, COHBIMEH Oipre KayFaH mapamerpiep Oekitunai. Exrizy cansl-
JAYBIHBIH PaliyChIH, aTMOC(EepaHbIH TECIKTIH PaIiyChlH, POIUKTIH MacCaCHIHBIH OHTAWIBI MOH/IEPiH aHBIKTAY YIIiH
3epTTeyniep Kyprizunmi. Kanmeikrapabl jkoHe Cy3TiHI MaKCHMAaIAbl OHICYAl KOHE KUHAYABl KaMTaMachl3 €Ty YIIiH
ayaHBI Oepy KYHeCiHiH TeOMeTPHSIIBIK TapaMeTpIiepi peTTeN .

Tyiiin cesmep: nipinai ycren, aipinai abpa3uBTiK eHIey, TepOelic aMIUTUTYyIackl, Oipiiai mporecc, Tepoestic
KUAJIT1, OHTaHIaHIBIPY.
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3KCNEPUMEHTAJBHOE UCCJIEJIOBAHME I10 ITOJYYEHHUIO
OIITUMAJIBHBIX TIAPAMETPOB IHEBMATHUYECKOI'O IIPUBOJIA BUBPOCTOJIA
JJIS1 UTHEPIITMOHHOM BUBPOABPA3ZUBHOMN OBPABOTKHU JETAJIEN
HA OCHOBE OKCHJIA BEPUJLIIUS

AnHoTanusi. B pabore y/erneHo BHMMaHHUE PEIISHHUIO Psiia BOIPOCOB, CBS3aHHBIX C AKCIIEPUMEHTAIbHBIM
HCCIIeIOBAaHHEM BHOPOCTONA IS WHEPIIMOHHONW BHOpoabpa3smBHONW 0OPaOOTKH YCOBEPIICHCTBOBAHHOTO 3a CUET
OCHAILIEHUS] €r0 ITHEeBMATHYECKUM IIPHBOJIOM, OOECIIEUMBAIONIMM 32 CUET I10JIa4M C)XKaTOro BO3JyXa POTAllMOHHOE
KoJsieOaTeIbHOE JABMKEHHE MHCTPYMEHTA, 3KEKLHUIO NMPOAYKTOB 00pabOTKU M uX ¢GuibTpanuto. s Kakaoro Tuma
KOHCTPYKTUBHOTO PACIOJIOKEHUSI aTMOC(EPHOro OTBEpCTUSI ObLIa MPOBEIEHA CEPHsl ONBITOB C PA3IMYHON BEJH-
YMHOM IUIOMIA/IN HOIEPEYHOro CeYEeHUsI aTMOC(HEPHOTr0 OTBEPCTHS U PA3IMYHBIMH BEJIMYMHAMH JaBJICHUS TUTAHMS,
IIPU 3TOM OCTaJbHBIE MapameTphl ObLIM 3adUKCHUpOBaHBI. BBUIM ITPOM3BENEHBI HCCIIEAOBAHUS IO ONPEEIICHUIO
ONTHUMAJBHBIX BEJIMYHMH PaJMyca BXOJHOIO COIUIA, pajnyca aTMoc(hepHOro OTBepCTHsi, Macchl poiuka. st obecre-
YeHUS MAaKCHMaJIbHON MPOM3BOTUTEIHHOCTH OOpPabOTKHM W cOopa 00pa3yIomUXcs OTXOAOB W WX (DMIbTpamud
MPOBOIMIIOCH PETyTHPOBAHUE TEOMETPHICCKUX TAPAMETPOB CHCTEMBI T0/1a4U BO3/IyXa.
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