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ANALYTICAL DETERMINATION OF THE TIME OF
HANDLING PROCESS OF POLYMERIC PARTS IN A
MACHINE WITH A COMPLEX MOVEMENT OF WORKING
CONTAINER

Purpose. An analytical determination of the main technological parameters of polishing
small polymer parts with a free abrasive in the form of granules in containers that perform a
complex spatial movement, determination of the time of handling process of polymeric details in a
machine with a complex movement of working container

Methodology. An analytical research was conducted of the processing of small polymeric
parts by abrasive in the form of free granules in a machine whose working capacities performs a
complex spatial movement to determine rational polishing conditions.

Results. On the basis of the conducted analytical research of the processing of small
polymer parts in a machine with a complex spatial motion of a working container, mathematical
dependencies were obtained that enable to predict the technological result at the design stage. It
has been analytically established that in a container with proportional greater geometric
parameters processing will take less time.

Scientific novelty. The regularities of the influence of the geometric parameters of the
working container, which performs the complex spatial motion and the modes of motion of a friable
working medium, are determined on the intensity of the process of polishing small polymer parts by
abrasive in the form of free granules.

Practical significance. The mathematical dependences are obtained for the calculation of
the processing time and instructions for realization of the corresponding mode of movement of a
friable working medium, which provide intensive polishing of small polymer parts with a free
abrasive in the form of granules, are obtained in a machine whose working capacities performs a
complex spatial movement.

Keywords: polishing, working container, free abrasive in the form of granules, polymeric
units.

Introduction. Formation of a large number of small polymer parts of various industries,
including fittings of light industry, is caused by mechanical processing or casting. After that, the
surface of the products has significant microniness and lack of gloss. Such parts are subjected to
finishing, the essence of which is grinding and polishing their surface with a free abrasive in the
form of granules, usually in the middle of the rotational container [1, 2] or in the capacities of
vibrating machines [3]. These operations take up to 80% of the technological time [4]. Such
processing in machines whose working capacities perform low-performance rotary motion [5]
require a lot of time.

Setting problem. Reducing the processing time can be due to the intensification of
polishing processes of polymeric products with a free abrasive in the form of granules using
equipment in which the working container performs a complex spatial movement, due to the fact
that the working environment in the processing process moves very rapidly.
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However, to date, there are practically no guidelines for the processing of fine polymeric
parts (grinding, polishing) with a free abrasive in the form of granules in a machine which working
container is complicated by spatial motion [6], there is no scientifically substantiated information
about the time required to perform the relevant technological operations.

Thus, the definition of the time required to perform the relevant technological operations, as
well as the prediction of technological result at the design stage in the execution of the relevant
technological operations, is an urgent task to date.

Results of the study. Intensification of polishing processes of polymeric products by
free abrasive in the form of granules can occur in the course of increasing the friction path S, which
passes a part in the middle of the working container for a complete cycle of processing. In turn, the
path of friction passed will depend on the geometric parameters of the working container. It is
known [7] that the main displacement, which performs a particle in the middle of the working
container, is its displacement along the x-axis of the cylindrical container. In one full rotation
ofcontainer there are two such movements along its axis X, with each change in the direction of
displacement the particle stops near one of the ends of the container. The actual total displacement
of the particle along the capacitive axis will be somewhat reduced due to the fact that a portion of
the free volume of the container will fill the friable working environmentAccording to the work
presented in [7], the trajectories of moving the particle in the working container, found that the
actual friction path that passes the particle (product) in one revolution of the driving shaft of the
machine is approximately equal to three distances l;; between opposite ends of the container:

S =3l,. (1)
The friction path that the product passes over the entire processing process:
S =3l,q, (2)

where g — number of revolutions carried out by the driving shaft for the entire period of
processing.
In turn, the number of revolutions that executed the leading shaft for the entire period
of processing can be determined as follows:
q =nt60, (3)
where n — number of revolutions carried out by the driving shaft, rpm; t — time of treatment
period, hours. Switch from the angular velocity w[rad/s] to the rotational speed n[rpm] by the
known formula [8]:

T
Substituting expression (3) in the formula (2) and obtain:
S =180l nt. (5)

Thus, according to expression (5), a friction path passing through the part in the middle of
the working tank, which performs a complex spatial movement for the corresponding period of
processing, can be established.

In addition to the friction path that the part is passed, the force influence of the abrasive
components on these parts should also be taken into account, which will occure in the force of slip
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friction between the surface of the machined parts and abrasive material with a volume limited by a
large surface of this part and its height of the bulk mass to this area.

In the process of operation of the machine, the modulus and the vector of the friction-slip
force between the product and the abrasive will respectively change. However, the force of friction-
slip will occur only when there is a movement of the abrasive material on the surface of the part. To
simplify the theoretical hypothesis, we will arbitrarily assume that the immobilized part is located
under the moving layer of the abrasive, which slides on the surface of the workpiece, which, in turn,
is at a certain angle to the horizontal plane.

If you observe the movement of a loose working mass in relation to the product through the
transparent walls of the working container of the experimental stand with the dimensional
parameters corresponding to the mass ratio of n=1,0 when filling by 40%, then it becomes clear that
the greatest movement of the abrasive on the surface of the workpiece is at that moment , when she,
moving from one end of the container to the opposite, stops, and then, on its surface, an array of
abrasive, which slides on it, pours out. It is visually established that for a working container of an
experimental stand, the bulk height of the abrasive is approximately equal to the radius of the end of
the container. The calculation scheme for determining the force influence of the abrasive array on
the machined surface of the part is shown in Fig.1.

Fig. 1. Design scheme for determining the force influence of the abrasive array on the treated
surface of the part in the middle of the working container of the test stand

However, the assertion that, for example, in a working tank with a volume of 0,3 m* (300
liters) relative to the conditionally stationary surface of the workpiece will move a bulk array of
approximately 0,3 m height, since this is the radius of the end face will have a container of 0.3 m®
(300 liters). The situation described above, may be valid only for working capacities with a
relatively small volume. It is known [9] that the height of the moving layer of a bulk solid that
moves along the surface of the immovable part of the friable medium does not exceed 0.1 m. We
will use these guidelines for our own analytical research.

Thus, in determining the friction-slip force we will assume that when moving the abrasive
material on the surface of the part, the bulk height of such an abrasive coating is approximately
equal to the radius of the end of the working container, but not more than 0.1 m, since, in excess of
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this height, the displacement of the abrasive on the treated surface will be practically absent or
minimized.

We will then write down the law of Amonton-Coulon to determine the dynamic force of
friction-slip that will occur between the processed surface of the part and the abrasive array:

F,» =N, (6)
where: f — slip friction coefficient, which should be taken for the interaction between the
materials of the parts and the abrasive between them; N — the strength of the support’s normal

reaction.

The strength of the support’s normal reaction N is defind as:

N = mg cos «, 7)

where: m — mass of abrasive material of a corresponding volume, which creates pressure on

the surface of the part, g — free fall acceleration, « — angle of inclination to the horizon of the
treated.

In the process of polishing the parts occupy a variety of positions relative to the walls of the
container and the horizontal plane, therefore the angle of inclination « is constantly changing and,
as a rule, different from zero degrees. However, taking into account that the maximum angle of
inclination of the axis of the working container of the basic design of the machine to the horizontal
plane is 54 °, and also, that it is precisely at such a position of the working container that the
greatest relative displacement of the abrasive on the surface of the workpiece is realized, we will
accept the value of the angle a equal to 54.

We substitute expression (7) into equation (6):

F,, = fmgcos54”. )
Thus, we can conclude that the proportional change in geometric parameters of the working
container at the same time will change the following parameters: The distance traveled through the

product in the middle of the container (friction path) S and the friction force F;p. Therefore,
consider these parameters in the complex, as a work of frictional force A,

A, = FpS. 9)
We substitute the equation (9) for expressions (5) and (8):
Ac  =180fmgcos54°l nt. (10)

y expression (10) one can determine the work of frictional force Az, between the part and
the abrasive material. In order to determine the time required for the processing of parts in the
working container of another size with the corresponding angular velocity of the drive shaft, we
shall express from the formula (10) the value t:

AF
t — TP
180 fmg cos54l,n’ [hour] (1)

In order to determine the work of the frictional force Ar,,, between the part and the abrasive
material that needs to be performed in order to allow the surface of the part to be processed, an
additional experimental study of the polishing of the surface of the parts in the middle of the
working container of the experimental installation, the essence of which is to achieve the required
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value of the roughness parameter of the part'ssurface corresponding to the processed sample. After
that, taking into account the most important parameters, according to expression (11), it is possible
to determine the time spent on performing the polishing operations.

Then, based on the results and conditions of the experiment [10], we will check the
correctness of the stated theoretical dependencies. We will record in general terms the equation
obtained by using the Microsoft Excel-2016 equation obtained as a result of the approximation of
experimental data describing the dependence of the roughness change on the R, or Ryax parameter
from the time of processing under the exponential law:

R, =Re™, (12)
where: R, — the value of the roughness of the surface of the part with the corresponding
parameter, um; Ro — the value of the roughness of the surface of the rough part with the
corresponding parameter, um; e — exponent; t — processing time, hour; x — dimensionless
coefficient characterizing the intensity of the curve decay. We will express from the equation (12)
the processing time and get a logarithmic dependence:
. In(R,/R,)
X

By expression (13), it is possible to set the time required to achieve the corresponding value
of the roughness parameter of the surface of the buttons, when processed in a working container
with the corresponding geometric parameters. However, such an equation with the corresponding
value of x can be obtained only after an experimental study of processing in a container with
specific geometric parameters. To verify the validity of the theoretical dependencies, determine the
work of frictional force between the surface of the button with a diameter of 28 mm and the
abrasive material necessary for the surface of the part to be processed in the middle of the container
at n=1,54, substituting all the necessary data in expression (10).

Taking into account the lack of information in the reference books, the coefficient of friction
slipping f on the ceramic surface of the abrasive was determined experimentally on the moist
surface of the polyester button, which was 0.2.

The mass of the abrasive material m of the corresponding volume, which creates the
pressure on the surface of the product, will be determined as the multiplication number of the
conventional volume, which is limited to the processed surface of the button and the height of the
bulk mass that acts on this surface, multiplied by the bulk density of the abrasive material:

m = zr*h - 1500, (14)
where: r — radius of the processed surface of the button, m; h - height of the bulk mass,
acting on the area of the treated surface, m; 1500 - bulk density of abrasive material kg / m®.

Since it has been previously established that the height of the bulk mass is equal to the
radius of the butt end of the vessel, but does not exceed 0.1 m, and the working container at n =
1.54, used in this experiment has a diameter equal to 0.2 m, then h=h,.. We substitute into the
equation (14):

. (13)

m = zr°r,. -1500. (15)
Now we substitute equation (15) for expression (10):
A. =27-10" far’r,.gcos54’l, nt, (16)
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where: f=0.2; r=0,014m; rpc = 0.1m; l; = 0.26 m; n = 28 rpm; time t = 32 h is taken
according to the processing time in which the curve of the roughness change curve by the parameter
R, for buttons with a diameter of 28 mm, formed by approximation, reaches the value of the
roughness of the surface of the processed button. We substitute all values in equation (16). As a
result, the calculated value of the force of friction will be 4467J.

Thus, in order to achieve a complete surface treatment of a button 28 mm in diameter, which
occurs in the middle of the working tank at n = 1.54, it is necessary that the frictional force between
the button and the abrasive material is approximately equivalent to 4467J. Assume that the same
value of the friction force is necessary for processing a button with a diameter of 28 mm in working
container with any proportionally altered geometric parameters. Consequently, we define the time
required to handle a button with a diameter of 28 mm with less geometric parameters n = 1,0. To do
this, from equation (9) we will express the friction path S, which product goes through the entire
processing process:

A (17)
FTP

Determine the frictional force Fzp between the button and the abrasive material that occurs
when processing in a working container with a scale factor n = 1.0, substituting all the necessary
data in expression (8), while: slip friction coefficient f=0.2; the mass of the abrasive material m of
the corresponding volume, which creates pressure on the surface of the button with a diameter of 28
mm when processed in a working tank with n = 1.0, according to the calculation of expression (16),
will be: m = 0.057kg. The friction path S, calculated by the expression (17) will be: S=68724m.

Next, according to expression (11), we define the time required for processing buttons with
a diameter of 28 mm in the working container at n = 1.0. According to the calculation for (11), the
processing time will be at least t = 64.2 h. Compare the analytically defined time with the
experimental one [10]. After substituting the data into equation (13), it was experimentally
established the time taken to handle the buttons with a diameter of 28 mm in a working container
with smaller geometric parameters (n = 1.0), which would be 69.2 hours, which is 7.8% more from
the theoretically established time. Such a discrepancy can be explained by the fact that, firstly, when
deducing theoretical dependencies, a large number of simplifications were adopted concerning the
very, extremely complex in its essence, the process of processing parts by abrasive in the form of
free granules. Second, because a significant number of factors that influence the change in the
processing time can not be simultaneously taken into account in the deduced theoretical
dependence.

In addition, when using a machine with a flexible working container to perform grinding or
polishing operations on the surface of the parts and simultaneously reducing power consumption, it
IS not necessary to simultaneously process two or more types of parts, including buttons, with
distinct geometric parameters. It is recommended that only one type of detail be processed in one
machine.

Conclusions:

1. The influence of geometric parameters of the working container on the intensity and
quality of processing of small polymer parts is investigated. The mathematical dependencies of the
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time spent on polishing small polymer parts from the angular velocity of the drive shaft of the
machine and the dimensional parameters of the working container are obtained.

2. It is established that in order to perform technological operations of polishing small
polymer parts, the equipment in which the working container performs a complex spatial movement
is much more efficient than the equipment with a rotating drum. The processing time of the buttons
in a machine with a complex movement of the working container may be less than one and a half

times during processing in a rotary drum machine.
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3AJIIOBOBCHKHUM M. I}, TAHACIOK I. B.2, CMIPHOB I0. 1.°, KY3HELIOBA O. 0.,
MAJIMILIEB B. B.,
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Bioxkpumuil misicnapoonuii ynigepcumem po3eumky mooutu « Yxpainay
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Kuiscorkuii HAYIOHAIbHUU YHI8Eepcument mexnojiociu ma 014361147{_)/
3 . RV
HCZLﬂOHaJleMM asiayiunuu yHieepcumeni

Mema. Ananimuyne 6U3BHAYEHHS OCHOBHUX MEXHOJO2IYHUX NApPAMempié NOAIPYBAHH OpPIOHUX
nonimepuux Oemanell GLIGHUM AOPA3UBOM V GU2AA0l SPAHYL V EMKOCHIAX, WO GUKOHYIOMb CKAAOHULL
nPOCMOPOBULL PYX, BUSHAUEHHs 4acy O00pobKu OpiOHUX NoAiMepHux Oemaneil 6 MAWUHI 3I CKAAOHUM
NPOCMOPOBUM PYXOM POOOHOL EMKOCTHI

Memoouxka. Ilposedeno ananimuyne 00CaiodicenHs npoyecy 0opooKu OpiOHUX NOAIMEPHUX Oemanell
abpasueom y euenadi GLIbHUX ePAHYIL 8 MAWUHI, pODOYA EMKOCMI AKOI GUKOHYE CKIAOHUL NPOCMOPOBULL DX,
07151 GUBHAYEHHSL PAYIOHATILHUX YMO8 NOAIPYBAHHSL.

Pesynomamu. Ha ocnosi nposedenozco ananimuyHo2o O0O0CTHIONCeHHSs npoyecy 00pobKu OpiOoHuUX
NOMIMEPHUX Oemaneil 8 MAwiuHi 3i CKIAOHUM NPOCHOPOGUM DPYXOM pOOOYOI E€MKOCMI OMPUMAHO
MAMEMAMUYHE 3ATIeHCHOCIE, WO OAIONb MONCIUGICIb NPOSHO3YEAMU MEXHONOIYHUL Pe3yIbmam Ha cmaoii
NPOEKMYBAHHS, OMPUMAHO MAMEMAMUYHI  GUPA3U, WO 00360JAIOMb PO3PAXY8amu HeoOXiOHull uac
BUKOHAHHS MEXHON02TYHOT onepayii noXipyeanHs noximepHux Ooemanell. AHANIMUYHO BCMAHOBIEHO, WO 8
POOOUIl eMKOCHI, SIKA MAE NPONOPYIUHO Oinbwi ceomempuuHi napamempu, npoyec oOpobKu Oemaell
3aumamume MeHule 4acy.

Haykoea nosusna. Bcmanoieni 3aKOHOMIPHOCHI GNIUGY 2OMEMPUUHUX RAPAMempie pobouoi
EMKOCHI, WO BUKOHYE CKAAOHUL NPOCMOPOSULL PYX MA PEHCUMIB PYXY CUNKO020 pob0oH020 cepedosuuia Ha
iHMeHCUBHICMb NpoYecy NOAIPY8aHHs OPIOHUX NOTIMEPHUX Oemdaneli abpa3ugom y 6uiidi GiIbHUX SPAHYI,
B8CMAHOBNCHULL 83AEMO38 SI30K MIJC WLISIXOM Mepms, KU Npoxooums Oemanb 8 cepeduHi emMKocmi ma
HeobXIOHuM i1 uacom o6pooKu.
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Ilpakmuuna 3nauumicmev. Ompumani MameMamuyti 3a1eHCHOCME 015 PO3PAXYHKY 4acy 00poOKu
ma HACMawosu wooo peanizayii 8IONOBIOHO20 PeddCUMY PYXYy CUNKO20 poboH020 cepedosunyd, uo
3abe3neyyroms iHMeHCUBHe NOAIPYBAHHS OPIOHUX NOAIMEPHUX Oemanell GLIbHUM ADPA3UBOM Y BUNIAOL SPAHYL
6 MawiuHi po6oua EMKOCHI SAKOI BUKOHYE CKIIAOHUL NPOCMOPOBULL PYX.

Knrouoei cnosa: nonipysanms, poboua emkicmo, 6ilbHUll abpasug y euensoi epanyn, OpioOHi
noximepui oemaii.

AHAJIMTUYECKOE ONPEJEJEHUE BPEMEHM OBPABOTKH MEJIKHX
MOJMUMEPHBIX JETAJIEN B MAIIUHE CO CJIO’KHOM MPOCTPAHCTBEHHOM
MOJABUKHBIM PABOYUM EMKOCTHU
3AJIIOBOBCKUI M. I'.}, IAHACIOK H. B.2, CMUPHOB 10. U.>, KY3HELIOBA E. A 2,
MAJIBILLEB B. B.,

1 . .
OmKpuImulil MeHCOYHAPOOHBLIL YHUBEPCUTNEN PA3GUMUSL HeN08eKa « YKpauHay,
2 o . . o
Kuesckuti nayuonansHulii ynugepcumem mexnoao2uti u Ou3aind,
3 . .
Hayuonanvheitl aguayuontulil ynugepcumem

Lens. Ananumuueckoe onpedeneHue OCHOBHbIX MEXHOIOSUUECKUX NAPAMEMPO8 HNOAUPOBAHUSL
MENKUX NOJUMEPHBIX Oemaeli c60000HbIM abpA3UBOM 8 8Ude SPAHYIL 8 eMKOCHAX, 8bINOIHAIOWUX CIIOHCHOE
NpOCMpancmeentoe 08udicenie, onpeoeieHue 8pemen 0opadbomKu MeaKux noJuUMepHulx oemaieli 8 Mawiune
CO CIIOACHBIM NPOCMPAHCMBEHHBIM OBUdICEHUEM paboyell eMKOCHIU.

Memoouka. Ilposedeno ananumuueckoe ucciedo8anue npoyecca 00pabomxu MeaKkux noaIUMEpHbIX
demaneil abpasugom 6 8ude CBOOOOHBIX 2paHyl 6 Mauume, pabouas emMKoCmb KOMOPOU GblNOJHAEm
COIHCHOE NPOCMPAHCMBEHHOE 08UdICEHUe, O] ONPEedeleHUs] PAYUOHATLHBIX YCA0BUL NOTUPOBAHU.

Pesynomamol. Ha ocrnoge npogedeHH020 aHAIumMuyecko2o ucciedosauus npoyecca o6pabomku
MENKUX NOTUMEPHBIX Oemanell 8 MAUWUHEe CO CLOICHBIM NPOCHMPAHCIMBEHHBIM O8UNCEHUEM pabouell eMKOCmu
NOTYYEHbl MAMEeMAMUYecKue 3a8UCUMOCU, NO380ISIOUUE NPOSHOZUPOBAMb MEXHOL0SUYECKULL Pe3yIbmam
HA Ccmaouu npoeKmuposanus, NOAYYEHbl MAMEMAMU4ecKue GblPAadlCeHuUs], NO380ISIOWUEe PACCUUMAMb
HeobxX00uMoe 6peMsi  BbINOJIHEHUS. MEXHONOSUYECKOU Oonepayuu  NOIUPOSKU NOTUMEPHBIX  Oemaneil.
Ananumuyecku  YCMAHOBIEHO, 4YMO 8 eMKOCMU, KOmopas umeem NPONOPYUOHANLHO — Oobuiue
2eomempuiecKiue napamempsl, npoyecc 00pabomxku 6yoem 3aHUMAMb MEeHbULE BPEMEHU.

Hayunaa Hoeusna. YcmaHOGeHbl 3AKOHOMEPHOCIU GAUAHUSL 2e0MEemPUYECKUX Napamempos
paboueli eMKOCMU, GbINOJHAIOWE CLOJHCHOe RPOCMPAHCMEEHHOe OBUNCEHUE U DeNCUMO8 OBUIICEHUs
coinyyell paboueil cpedvl HA UHMEHCUBHOCHL NPOYecca NOAUPOBAHUS MEIKUX NOTUMEPHLIX Oemanet
abpaszusom 6 gude c860000HBIX ePAHYIL.

Ilpakmuueckas 3nauumocme. [lonyyennvie mamemamuieckue 3a8UCUMOCU OIS pACUema epemeHU
00pabomKu U YCMAHOBKU NO Pearusayuil COOMEEMCMEYIOue20 PedCUMa OBUNCEHUsl Cbinyye2o pabouell
cpeovl, obecneyusarouue UHMEHCUBHOE NOJUPOBAHUE METKUX NOIUMEPHBIX Oemanell c80000HbBIM AOpPA3UBOM
8 6UOe 2PaHYNl 8 MAWUHe, PAbOHasi eMKOCHb KOMOPOU 6bINOTHSEH CIONCHOE NPOCMPAHCTNEEHHOE 0BUIICEHUE.

Knrouesvle cnosa: nonuposanue, pabouas emxocmv, Cc60000HBIL abpasue 6 euoe 2pamyl,
noauMepHvle Oemalu.
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