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NEW OPPORTUNITIES FOR PROCESSING MATERIALS
IN STRONG MAGNETIC FIELD

The article shows the most important results of new studies concerning the possibility of influencing the physical and me-
chanical indicators of the hardness of steel and carbide materials, presented in the form of dimensional samples and non-sharp-
ened cutting tool inserts. The main differences in the process of volumetric hardening of articles made of magnetically permeable
materials are presented - resonant vibrations with amplitudes commensurate with the subatomic dimensions of the hardened ma-
terials. Some results of metallographic studies confirming the structural changes in the material of steel samples are presented.
The efficiency of resonant processing of materials in a uniform magnetic field of neodymium magnets has been confirmed.

Keywords: volumetric hardening; uniform magnetic field; resonance; vibrations, piezoelectric elements, metallography.

Table: 1. Fig.: 6. References: 12.

Urgency of the research. The problem of increasing the efficiency of technological processes
of forming the working surfaces of machine parts remains relevant for mechanical engineering,
since a targeted change in the physical and mechanical characteristics of critical surfaces is tradi-
tionally accompanied by significant expenditures of resources such as time, materials, energy and
labor [1; 2]. This is especially important since virtually all of these resources are non-renewable.
Therefore, a multiple reduction in the consumption of these resources makes it possible to make
tact technological processes innovative, and products with their use competitive.

Target setting. The most effective effects of technological impact on materials are observed
under subatomic and subcrystalline impact with strong interactions for such scales. Well-known
thermal and power processes are widely used: heat treatment, plastic deformation [2; 5; 6; 7]. But
the cost of resources for such well-known processes with a constant increase in tariffs for their use
make the products uncompetitive. It is necessary to find new reserves for creating innovative pro-
cesses, which are distinguished by high efficiency in the use of the above-mentioned resources.

Actual scientific researches and issues analysis. As already mentioned, the concentration
of thermal and power energy aimed at shaping or changing the structure of a material and its
physical and mechanical properties in the manufacture of machine parts requires the use of
special machines and installations that activate such high-cost energy sources as thermal fur-
naces, multi-ton presses, etc. [2]. A volumetric change in the properties of the material can be
achieved, in particular, by heat treatment, due to which the structure is rearranged throughout
the entire volume of the product. At the same time, this type of processing has a number of
disadvantages, including large internal stresses and deformations due to uneven cooling over
the section of the part. The use of external energy fields (electric, electromagnetic, ultrasonic
and microwave) can qualitatively affect the structure and mechanical properties of materials.
Many publications are devoted to the study at the atomic-molecular level of the mechanisms of
action of electric and magnetic fields on plastic deformation processes. It was found that under
the action of pulses of electric current and magnetic flux, electroplastic and magnetoplastic
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effects appear in the material [2; 4]. Special installations, in which the magnetic pulse treatment
of metals is carried out, is a source of energy. The installations are equipped with a special tool
with which all processes are carried out.

For many years, the special attention of scientists has been attracted by the behavior of
structural materials in strong magnetic fields in a wide temperature range. The peculiarity of
such a combined method of influencing the structure consists in using the energy of an external
magnetic field (constant, alternating or pulsed) to influence the thermodynamics, mechanism
and kinetics of phase transitions in order to obtain stable changes in structure and properties
useful for operation [2; 5; 6].

It is known that in the process of magnetic treatment, a metal exposed to an alternating
magnetic field changes the operational properties of the surface layer. The improvement in the
properties of ferromagnetic parts during pulsed magnetic processing is explained by the direc-
tional orientation of free electrons of a substance in an external magnetic field [7].

Uninvestigated parts of general matters defining. A key aspect of the process under
consideration is to achieve a three-dimensional effect: this is important because the presence of
a gradient of mechanical properties leads to internal stresses in the material, which negatively
affects the reliability of the product. Therefore, treatment in a strong magnetic field by weak
amplitude vibrations is required: large amplitudes bring the process closer to magnetic pulse
processing, ie the volumetric effect is lost. The increase in the hardness of steel samples as a
result of the influence of microamplitude oscillations in a constant (homogeneous) strong mag-
netic field has been experimentally proven. The effect spread throughout. In addition, it was
found that the formation of reinforcing mesh of lamellar perlite was observed in the volume of
the material during the processing of eutectoid steel samples. The dependences of the value of
hardness and the time of reaching its constant value on the amplitude of oscillations of the
piezoresonator and, accordingly, the samples were extreme.

Magnetic fields allow to realize direct non-contact influence on dynamics of structural de-
fects of various level, on their behavior and, as a result, to change macroproperties of material
and operational characteristics of details. They can significantly change the kinetics of the crys-
tallization process, initiate phase transitions, affect the final structure and other properties in the
processing of materials. Under certain processing modes, pulsed magnetic fields can be used
like intense plastic deformation to create the desired microstructure, but retain the original size
and shape of the product [2; §].

The research objective is new opportunities for processing materials in a strong magnetic field.

The statement of basic materials. The study of the effect of a constant magnetic field on
samples of quick-change cutting tool inserts vibrating in the microamplitude range was carried
out for the schemes shown in Fig.1a and 1b.

Fig. 1. Arrangement of samples above (a) and below 1b) a source of vibration “white noise”
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Resonant microvibrations of the samples make it possible to increase the hardness of the
samples at a rate of 5 ... 6 HB per minute. However, it was found that in the range of microvi-
bration amplitudes received from a vibrating exciter based on a piezoelectric element with a
diameter of 30 mm. The exciting signal was generated by a "white noise" generator.

Table shows options for the mutual arrangement of samples, as well as vibration exciters based
on piezoelectric elements and neodymium magnets, which form a constant uniform magnetic field,
which were subjected to experimental verification in order to confirm the proposed idea of the pro-
spects of magnetic resonance processing of materials in a strong constant magnetic field.

Table

Options of technological adjustments of piezoelements for experimental samples

Ne Piezoelectric Elements - Emitters and Sensors Loading scheme

1 2 3

1. |PD-1; PV-2

2. | PD-1; PV-1 NM-PD-S-PV-NM

3. | PD-2; PV-2

4. |PD-1; PV-1 PD-S-PV-NM

Table 1 shows setup options for investigating the best positioning of specimens in the form
of non-regrind cutting tool inserts. The designation “1” refers to a piezoelectric element with a
diameter of 30 mm and a weight of 10 mm. The designation "2" refers to deposited on a sub-
strate with a diameter of 30 mm, a layer with a diameter of 20 mm and a thickness of 0.5 mm.
The designation PD refers to the sensory role of piezoelectric elements “1” and “2”. Accord-
ingly, PV refers to the role of piezoelectric elements as causative agents of “white noise”. The
designation NM-PD-S-PV-NM reflects the layout of the experimental setup: neodymium mag-
net-sensor-sample-vibration source-neodymium magnet. The designation PD-S-PV-NM re-
flects the layout of the experimental setup: sensor-sample-vibration source-neodymium mag-
net. Figure 2 shows the results of the magnetic resonance treatment of the sample.

HB 190
180 |
Hardness after processing,
170 “HB
160
150 el
140 — T—g——— Hardness before
~jprocessing, HB
130
120

1 2 3 4 Sample number

Fig. 2. The results of the magnetic resonance treatment of the sample

Microvibrations of the samples in a magnetic field created by strong neodymium magnets, in
the resonant mode, first lead to an increase in hardness, followed by stabilization of their hardness.

Of particular interest is the possibility of local strengthening of a part of the samples (parts)
by using the interaction of the magnetic field created by the poly-frequency packet of electric
current and the local field of a constant strong magnetic field, using the Biot-Savart-Laplace
law [2; 9; 10]. In this scheme, there is no microvibration exciter, but the hardening effect will
be present (Fig. 3a and 3b).



Ne 4(26), 2021 TEXHIYHI HAYKU TA TEXHOJIOT I
TECHNICAL SCIENCES AND TECHNOLOGIES

HB

: Pl il?lieodyluiluu
—L i | !magnet

tm

= HE_up

—HBE_down

o 2 4 & & 10 12 14

b

Fig. 3. Diagram of the layout of the experimental setup for studying the volumetric hardening
of an unregulated cutting tool insert under the action of a current modulated
by an alternating broadband current of small amplitude (a) and the results
of changing the hardness of the sample along its upper and lower surfaces (b)

The increase in hardness of the sample material also increased by 30-40 % over a period
of 10-12 minutes. The consumed power did not exceed 2-3 watts.

Surface plastic deformation or heat treatment of shaft journals requires significant energy
consumption to increase the hardness of the working surfaces of machine parts within 1-3 kW
[2; 11; 12]. The results of experimental studies of non-contact surface treatment of machine
parts according to the scheme in Fig. 4a are shown in Fig. 4b.

2 needyminmy---._.. HB

’ B 260
'~ X . 350 /'\ Aﬁ% — _=1000
: R i 240 +— 4 - — oot
- ¥ 230 | /& - _r=1500
----- e e 220 - / : _n=1750
& :-":‘--.- i e \= 210 \‘ _n=2000

200

0 5 10 1, min
a b

Fig. 4. The layout of the experimental setup to study the non-contact effect of a strong uniform
magnetic field on the surface hardening of a rotating shaft installed in the centers
of the lathe at a distance of 0.1 mm from the surface of a neodymium magnet (a)
and the change in the hardness of this shaft for 10 minutes (b)
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Device for magnetic reinforcement of the work surface of the axes: a) schematic diagram;
b) the dynamics of the work surface armature HB from time t to the influence of the magnetic
field for different values of the machine spindle speed; A= 0.1 mm.

Experimental verification of the performance of the proposed scheme for processing a shaft
with a diameter of 79 mm revealed the effect of increasing the hardness of the contactless sur-
face treatment of a sample made of Ck45 steel. An increase in the hardness of the treated surface
with a decrease in the gap between the neodymium magnet and the surface to be hardened was
quite predictable. Also, an increase in the hardness of the treated surface with an increase in the
rotation frequency of the workpiece is explained by an increase in the rate of intersection of a
uniform magnetic flux by the rotating part of the sample.

However, the nature of the influence of microvibrations of a neodymium magnet on the
nature of the hardening effect on the surface and volume of the sample completely coincided
with the results of microvibrations of the samples with a frequency of 20...20000 Hz in a uni-
form magnetic field of permanent magnets.

260
255
250
245
240
235
230
225 -
220 -
215 -
210 -

0 5 10 15t min.
Fig. 5. The results of a broadband resonance effect for 15 minutes of a strong magnetic field
of a neodymium magnet on a shaft mounted on a lathe and rotating at 2000 rpm

The results of studying the microstructure of samples before and after magnetic resonance
treatment are presented in Fig. 6.

Fig. 6. Structure of steel samples (eutectoid steels: C = 0.8 %, Si = 0.15 %,; Mn = 0.15 %,
P=0.012%; S=0.017 %, Cr=20.10 %; Al = 0.009 %, Cu = 0.10 %):
a — before magnetic resonance treatment, HB = 145;
b — after magnetic resonance imaging treatment, HB = 197
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Photos of microsections were obtained using standard processing of microsections - etch-
ing with an alcoholic solution of nitric acid. The developed grain boundaries made it possible
to establish the features of the pearlite structure of the reinforcing nature. The influence of mi-
crovibrations of the sample in a uniform magnetic field created by one or two neodymium mag-
nets has been established. Moreover, in the course of research, an extreme influence of the
magnitude of the amplitude of microvibrations in a constant magnetic field was found. In addi-
tion, microvibrations generated in the resonant frequency range of the sample not only contrib-
ute to the volumetric hardening of the material, but also increase the ability of the samples to
deform. This explains the difference between the bulk hardness of the sample and the density
of the material, which also changes, representing four options for reducing or increasing the
density of the material of the samples with an increase or decrease in their hardness (in some
cases, a decrease in the hardness of the samples was observed with an increase in the density of
their material). However, these features of the processes of magnetic resonance processing have
yet to be further investigated.

Conclusions. Expanding the list of technological effects on various materials possessing
the properties of magnetic conductivity of a uniform magnetic field makes it possible to signif-
icantly increase the variety of technological operations of volume hardening of machine parts
and technological tools. Achieved results of magnetic resonance processing convincingly con-
firm this conclusion. Rational modes of magnetic resonance treatment of materials with extreme
effects of microamplitude vibrations with a broadband spectrum of oscillations of the hardened
sample were found. Prospects of piezoresonators application for formation of pearlite mesh in
the volume of steel products processed in the magnetic field are shown. This is confirmed by
metallographic studies.

References

1. Sidorchuk, O.M., Hohaiev, K.O., Radchenko, O.K., Mironyuk, L.A., & Mironyuk, D.V. (2020).
Termichna obrobka shtampovoyi stali pidvishenoyi stijkosti [Thermal processing of die steel with in-
creased resistance]. MOM, (2), 29-37. doi:10.15407/mom2020.02.029.

2. Kovalevskyy, S.V., Kovalevska, O.S. (2021). Nanoamplitude resonance vibrations of samples in a
strong uniform magnetic field. http://www.savremenimaterijali.info/sajt/doc/file/SM2021/Poster/2.pdf.

3. Minko, D.V. (2020). Analiz perspektiv primeneniya elektroplasticheskogo effekta v processah
obrabotki metallov davleniem [Analysis of the prospects for the use of the electroplastic effect in metal
forming processes]. Literatura i metallurhiia — Literature and metallurgy, (4), 125-13.

4. Hohaiev, K.O., Radchenko, O.K., Sidorchuk, O.M., Mironyuk, D.V. Shtampova stal [Stamped
steel]. Pat. 141447 Ukraine: MPKS22S38 / 00 201u2019 09670.

5. Su Eun Chung, Wook Park, Sunghwan Shin, Seung Ah Lee, Sunghoon Kwon (2008). Guided and
fluidic self-assembly of microstructures using railed microfluidic channels. Nature Materials, 7, 581.

6. Eliseev, A.A., Lukashin, A.V., Tretyakov, Yu.D. (Ed.). (2010). Funktsionalnye nanomaterialy
[Functional nanomaterials]. Fizmatlit.

7. Miyazawa, S., Mukaida, M. (1996). Formation of stacking-faults in atomic graphoepitaxial alpha-
axis YBa2Cu30x, thin films on (100) SrLaGaO4 substrates. Jap. J. Appl. Phys., (35(9B)), L1177-L1180.

8. Kovalevskii, S.V., Kovalevska, O.S. (20320). Sposib zmini fiziko-mehanichnih vlastivostei
zrazkiv z magnitnih ta nemagnitnih materialiv [Method of changing the physical and mechanical prop-
erties of samples of magnetic and non-magnetic materials]. Patent 143057 Ukraina MPK B23H 7/38
(2006.01).

9. Onufriyenko, V.M. (1999). Physical and Geometric Interpretation of Electromagnetic Field’s
Characteristics. Telecommunication and Radio Engineering, 53(4-5), 136-139.

10. Onufriienko, V.M. (2004). Potentsialy fraktalnykh shariv zariadiv i strumiv u shtuchnomu
seredovyshchi [Potentials of fractal layers of charges and current to the artificial environment]. Radioel-
ektronika. Informatika. Upravlinnya — Radioelektronika. Computer Science. Management, (1(1)), 18-21.

12



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 4(26), 2021
TECHNICAL SCIENCES AND TECHNOLOGIES

11. Kovalevskyi, S., Kovalevska, O., Dasych, P. (2020). Vibratsiino-impulsna obrobka [Vibration-
pulse processing]. Neiromerezhni tehnolohii ta yikh zastosuvannia NMTiZ-2020: zbirnik naukovih prats
XIX Mizhnarodnoyi naukovoyi konferentsii «Neiromerezhni tehnolohii ta yikh zastosuvannia NMTiZ-
2020» — Neural limit technologies and their application NMTizZ-2020: coll. Science. works of the XIX
International. Science and Technology Conf. (pp. 82-84). DDMA.

12. Kovalevskii, S.V., Borovoi, I1.B. (2020). Obiemna obrobka materialiv v rivnomirnomu mag-
nitnomu poli [Volume processing of materials in a uniform magnetic field]. Novi i netradytsiini
tehnolohii v resurso- i enerhosberezhenii: materialy mezhdunarodnoi naukovo-tehnichnoi konfer-
entsii, (pp. 80-85). ONPU.

CnucoK BUKOPUCTAHUX JIZKepeJT

1. Tepmiuna oOpoOka mTaMITOBOI cTaum migBimeHoi criikocti / O. M. Cumopuyk, K. O. I'oraes,
O. K. Paguenxo, JI. A. Muponiok, JI. B. Muposiok // MOM. — 2020. — Ne 2. — C. 29-37.

2. Kovalevskyy S.V. Nanoamplitude resonance vibrations of samples in a strong uniform
magnetic field [Electronic resource] / S. V Kovalevskyy, O. S. Kovalevska. — Accessed mode:
http://www.savremenimaterijali.info/sajt/doc/file/SM2021/Poster/2.pdf.

3. Munbko /. B. AHanu3 nepcrneKkTuBbl MPUMEHEHUS 3JIeKTpoIiacTudeckoro 3ddexra B mpo-
neccax o0paboTku meramioB gaBieHuem / JI. B. Munbko // Jluteparypa u merammyprus. — 2020. —
Ne 4. — C. 125-130.

4. IrammoBa ctamb: mar. 141447 Vkpaina: MIIKC22C38/00 Neu2019 09670 / K. O. I'oraes,
O. K. Paguenko, O. M. Cunopuyk, . B. Muponrok; 3aas1. 05.09.2019; ony6:m1. 10.04.2020. bron. Ne 7.
2020. -2 c.

5. Guided and fluidic self-assembly of microstructures using railed microfluidic channels / Su Eun
Chung, Wook Park, Sunghwan Shin, Seung Ah Lee, Sunghoon Kwon // Nature Materials. — 2008. —
Vol. 7. - R. 581.

6. EmmceeB A. A. dyHnkiuoHanbpHbie HaHOMartepuaiibl / A. A. Enucees, A. B. Jlykamus ; nop pen.
10. JI. TpetnsikoBa. — Mockga : @u3mamiut, 2010. — 456 c.

7. Miyazawa S. Formation of stacking-faults in atomic graphoepitaxial alpha-axis YBa2Cu30x,
thin films on (100) SrLaGaO4 substrates [Electronic resource] / S. Miyazawa, M. Mukaida // Japanese
Journal of Applied — 1996. — Physics 35(9B): September. — L1177-L1180.

8 TIlarent 143057 Ykpaina MITK B23H 7/38 (2006.01). Crioci6 3minu i3uko-MexaHIYHUX Biac-
TUBOCTEH 3pa3KiB 3 MarHiTHUX Ta HeMarHiTHUX MarepianiB / C. B. KoBanescbkwii, O. C. KoBaneBchka ;
BinacHUK J{onOacy. nepx. mammHoOya. akaa. — Ne u202000120; 3assn. 08.01.2020; onmy6a. 10.07.2020,
brom. Ne 13.

9 Onufriyenko, V.M. Physical and Geometric Interpretation of Electromagnetic Field’s
Characteristics / V. M. Onufriyenko // Telecommunication and Radio Engineering. — 1999. — Vol. 53;
Ne 4-5. — Pp. 136-139.

10 Onydpienko, B. M. [Torenuianu ¢paxraabHUX MIAPiB 3apsIiB i CTPyMY LITYYHOMY CEpPEOBHILI
/ B. M. Onydpienko // Pamioenexkrponika. [npopmaruka. Ynpasminas. — 2004, — Ne 1(1). — C. 18-21.

11 KosaneBcokuii, C. BibpamiitHo-immynscHa o6pobka / C. KoBameschkmii, O. KoBameBchbka,
I1. Jacwu // HeiipomexHi TexHomorii Ta ix 3actocyBanns HMTi3-2020 : 30. Hayk. mpamps XIX Mixaap.
HayK-TeX KoH]. — Kpamaropcrk : JJIMA, 2020. — C. 82-84.

12 Kogsanescwkuii, C. B. O0’eMHa 00po0Oka MarepiaiiB y piBHOMipHOMY MarHitTHomy mojii / C. B. Ko-
BasieBcbkuii, O. C. KoBaneBchka, I. b. bopoBoii // HoBi 1 HeTpamuIiiiHi TeXHOJIOTIT B peCypco- i €Hepro-
30epeskeHHI : MaTepiany MibKHap. HayK.-TeX. 25 Hayk. koH]. — Oneca : OHITY, 2020. — C. 80-85.

Otpumano 08.12.2021

13


https://www.researchgate.net/journal/Japanese-Journal-of-Applied-Physics-1347-4065
https://www.researchgate.net/journal/Japanese-Journal-of-Applied-Physics-1347-4065

Ne 4(26), 2021 TEXHIYHI HAYKU TA TEXHOJIOT I
TECHNICAL SCIENCES AND TECHNOLOGIES

VIIK 621.7:544.56

Cepziii Kosanescokuii*, Onena Koganescoka®

110KTOp TEXHIYHMX HayK, TPOQECOP, 3aBinyBay KaQeapu iHHOBALIMHUAX TEXHOJIOTIH 1 yIpaBIiHHs
Jonbaceka nepxaBHa MamnHoOyniBHa akanemis (Kpamaroperk, Yipaina)
E-mail: kovalevskii@i.ua. ORCID: https://orcid.org/0000-0002-4708-4091
ResearcherID: S-7619-2019. SCOPUS Author ID: 57201214151

2kaHAUJAT TEXHIYHUX HAYK, JOLEHT, JOLEHT Kadeapyu o6poOKH MeTaliB THCKOM
Jonbaceka nepxaBHa MamnHoOyniBHa akanemis (Kpamaropcerk, Yipaina)
E-mail: olenakovalevskaya@gmail.com. ORCID: https://orcid.org/0000-0001-5884-0430
ResearcherID: S-8871-2019. SCOPUS Author ID: 57201211726

HOBI MOXJIMBOCTI 1JIs1 OBPOBKH MATEPIAJIIB
Y CWIBHOMY MAT'HITHOMY I1OJII

Buxopucmanus machimno20 nois Sk OCHOBHOI CUIU 6NAUSY NPU3BOOUNL 00 3HAYHOI eKOHOMIL eHepeopecypcis. 3naunuil
iHmepec GUKIUKAE MOJCIUBICIb POWUPEHHSL NEPEIKY MEXHONOIYHUX 6NIUGI6 HA poDOUI NOBEPXHI demanell MAwuH, nopsio i3
NOBEPXHEGUM NIACTNUYHUM OeOPMYSAHHIM MA MEPMOOOPOOKOI0.

OOHi€ro 3 OCHOBHUX NPOOIEM € NIOBUUEHHA 3HOCOCIMITIKOCT NAACTIUH DINCYU020 THCMPYMEHMY, Ni08UWeHH: 00820814~
HOCMi efleMenmie MexaniuHux oemaineil i KOHCIPYKYIl.

Maenimrno-imnyivcua 06podKka Memanis € egheKmugHUM Memooom, momy 6iH Oyiice NONYIAPHULL ceped CYUACHUX 8UPOO-
HUKIB, ye nidguwye maki NOKA3HUKY, K CIIUKICIb, MiyHICIb ma Kopo3sitina cmitikicmy [2; 6].

Ha ocrhogi nposedernoco ananizy 6yno eusgnero, wo mpeba 00Crioumu 6Naue HAHOAMNIIMYOHUX KOTUBAHb CIALEGUX
3PA3Ki8 Yy NOCMIUHOMY Ma 0OHOPIOHOMY CUTbHOMY MAZHIMHOMY RO HA 0€sKI IXHI (i3uKO-MeXaniuHi XapaKmepucmuKu.

3aeoanns - euasumu HOGI MONCIUBOCMI OJis OOPOOKU MAMEPIANI6 Y CUTbHOMY MASHIMHOMY NOJI.

Po3zensinymo piszHi mexHonociuni cxemu, 8 sKuX 3ACMOCO8YEMbCS WUPOKOCMY208€ 30Y0JICeHHs 3paA3KI8 34 0ONOMO20I0
n’e30enekmpudHux 30YOHUKI8, W0 Nepemeoprooms eleKmMpPUYHULl cuzHal noCmiuHoi amnaimyou 6 dianasoni 6i0 20 I'y 0o
20 kl'y y euenadi “6inoeo wiymy” pe3oHaHCHUL CNEKMP 8IACHUX MEXAHIYHUX KOTUBAHb. 3pa3Kie. Pesynomamu maxux niugie
Ha 3pasKu 8 1a60pamopHUx ymMoeax niomeepotCcyromovCsi CMAHOAPMHUMU BUNPOOYBAHHAMU HA MEepOiCb 3PA3KIE, IXHIl Ximi-
YHUL CKA0 Ma Memanozpagiro.

s 3paskis 3 esmexkmoionoi cmani 3 emicmom gyeneyto 0,8 % MacHimHO-pe30HaHCHA 00POOKA 3PA3KIE 0XCEPENoM eleK-
MpUUHO20 cucHany nomysichicmio 6cboeo 3 Bm npomsicom 50 xeunun 0ozeonuna domoemucs sminu meepoocmi bpinennio 0o
35 %. 36inbwennss amnaimyou KoOIueansb n’'€30pe3oHamopa npugoounts 00 30iibuleHHs meepoocmi mamepiay.

Knrouosi cnosa: 06'emne 3azapmogysannsi; 00HopioHe maznimmue noie; pe3oHanc; eibpayii; n’e3o0enexmpuyni enemenmu;
Memanozpagis.

Tabn.: 1. Puc.: 6. Bion.: 12.

Kovalevskyy, S., & Kovalevska, O. (2021). New opportunities for processing materials in strong magnetic field. Technical sciences and
technologies, 4(26), 7-14.
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AHAJII3 METOJIB OBPOBKHU INATYHHUX INUMAOK KOJITHYACTHUX BAJIIB
OPIEHTOBAHUM IHCTPYMEHTOM

Koninuacmi eanu sueomognsromucsi Ha agmomoo6inedyoieHux, cyoHoOyOI8HUX, MAUWUHOOYOIGHUX MA IH. NIONPUEMCMEAX.
o oanux demaneil 8uCy8aiomvpCs UCOKI UMO2U MOYHOCME Ma AKOCMI 00podIeHUX Nosepxoub. Posenanymo sioomi memoou
witighysanns ma ¢pesepysanns Koninuacmux eanie. @pezepysanns modice 6ymu sk iHCmMPYMEHmMoM, Y K020 Pi3aibHi NAACmu-
HKU 3HAXOOAMbCA HA 308HIWHITE CMOPOHI OucKka, max i na enympiwnii. baeamo gipm sucomosnsiroms sepcmamu 0 00po6Ku
Koninyacmux éanie. O6po6Ka WamyHHUX WULOK KOTIHYACIMUX 846 MOHCE NPOXOOUMU I3 3ACMOCYBAHHAM CREYIaNbHUX NpU-
cmpoig abo no npoepami na eepcmamax 3 YIIK. Cmamms € 02120086010.

Knrouoei cnosa: obpodxa Koninuacmoeo 6and; WamyHHi WKy, Wiigyyeants,; gpezepysanHs.

Puc.: 23. Bion.: 22.

AKTyaJIbHiCTh TeMH JocailzkeHHsl. KoniH4acTi Baju € TeOMETPUYHO CKIAJHUMU JieTa-
JSIMU, BOHM BUTOTOBJISIIOTh Ha MAIIMHOOYMIBHUX, CYAHOOYIIBHUX Ta 1HIIMUX HiANPUEMCTBAX.
HlaryHHI IMHKKA KOJTIHYACTOTO Bajla pO3TaIlIOBaHi HE Ha OCi caMoro Bajia, TOMY Ipolec ix 00-
poOKH € OLIbII CKiIaHUM. 3a0€31e4eHHs] BUCOKOT TOYHOCTI Ta MPOAYKTUBHOCTI OOpOOKH I11a-
TYHHUX IIUHAOK € aKTyaJIbHUM 3aBJIaHHSIM.

IMocTanoBka npobemu. [l 3a0e3ne4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI BUPOOHUIITB He-
00x17HO 3a0e31eueHHsI BUCOKOT MPOIYKTUBHOCTI 0OpOOKH, HE BTpayaroyy MpH IIbOMY TOYHOCTI
00poOIIOBaHNX POOOUYNX MMOBEPXOHB JAeTaNe. AHaJI3 METOIIB OOPOOKH MIATYHHUX IIHHOK KO-
JIHYACTHUX BaJliB JIOTIOMOXKE BU3HAUUTH, K1 € TPYIHOII IpK 00poOIi, 110 B MOJAIBIIOMY J10-
3BOJIMTH BJOCKOHAIHUTHU IMIpoLec 00pOOKH.

AHaJni3 ocTaHHixX pociakenb i myoaikaniii. Y crarri [1] onmucano crioci6 numidyBaHHs
KOJIIHYaCTOTO Bajla OPIEHTOBAHUM 1HCTPYMEHTOM, a TaKOXX TPUBUMIpPHE MOJEIIOBaHHS MpO-
1ecy oOpoOKH.

VY marenTax [2; 3] onucano crocodu nuTipyBaHHS KOTIHYACTUX BB 32 OJUH YCTaHOB, a
TaKOXX BEpPCTaTd IS 3AIACHEHHS IuX crmocoOiB. OOpoOKy MOKHA 3M1MCHIOBATU SIK ONHIET
IIAHKY, TaK 1 JEKIJIBKOX OJHOYACHO.

Bepcrar nns 06poOkM KOJMHYACTUX BajdiB onmucaHuil y [4], nmpu nutidyBaHHI MIaTyHHUX
HIMHOK [IEHTP 3MINIYIOTh, 00 JeTaib 00epTaiach BITHOCHO ITUX IMIMHOK, 00po0OKa MPOXOIUTH
SK 3BUYANHOT IIMTIHIPUYHOI TOBEPXHI.

V marenTi [5] HaBeneHO crioci6 nuTihyBaHHS KOMIHYACTOTO Bajla YOTHPUIIIIHAPOBOTO JIBU-
TYHa, TIPH SKOMY CIIOYATKy OJTHOYACHO MUTI(DYFOTHCS BCl KOPIHHI ITHUIKH, TIOTIM — TI0 JIBi IIIaTYHHI.

Croci6 mumiyBaHHS KOJIIHYACTOTO Bajia 3a OJUH YCTAHOB i3 BHUMIipIOBaHHSIM PO3MipiB
JeTai mij yac o0poOku HaBeaeHo B [5]. CoyaTKy 311MCHIOIOTH 00POOKY KOPIHHHMX IIUHOK,
MOTIM — MIaTyHHHX.

VY [7] oucano nporiec ¢iHinHOT 00poOKH KOJIHYACTOTO Baja (Gpe3oro, sIKy BCTAHOBJIECHO
NEePIEHINKYIISIPHO 10 TBIPHOT TIOBEPXHi, 10 00POOITIOETHCS. 3MILHEHHS TIOBEPXHEBOTO IIAPY
IIMIKA BaJia BiI0YBA€ETHCS 3a PAXYHOK HAKJICIY, III0 YTBOPIOETHCS i 9ac 0OpOOKH.

VY marenTi [8] onmcano cnioci® ¢pe3epyBaHHS KOJMIHYACTUX BaliB. 3a paxyHOK BHKOPHC-
TaHHS CHeialbHOT Ppe3H, a TAKOK 3a0e3MeUeHHs He00XiTHOTO CITiBB1IHOIIEHHS 4acTOT 00ep-
TaHHs IHCTPYMEHTA Ta JeTajli 3a0e3MedyeThesl MiIBUIICHHSI TOYHOCTI 0OPOOKH.

Ha ITAT «XapkiBchkuii BepcTaToOyaiBHUHN 3aBoa» [9] Ta Ha BiJOKpEeMIICHOMY MiAPO3ALII
«Jlybencokuit BepcratoOyniBauii 3aBom» [TAT «MOTOP CIY» [10] BUTOTOBISIFOTH CIieIiaabH1
BepCTaTu A IUTi(hyBaHHS KOJMIHYACTUX BaJiB.

© Cxisip B. M., 2021
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®ipma Junker [11] BurotoBnse Bucokorousi nutidysaneHi Bepctatn JUCRANK 3 UIIK
JUTSE OOPOOKH KOJIIHYACTHX BaJiB.

Kommanii Sandvik [12] Ta Walter Tools [13] BurotoBnstoTs ¢ppe3u 31 3MIHHUMU TLIACTH-
HaMHU /17151 0OpOOKHU KOJIIHYACTUX BaJIiB.

®ipma HELLER [14] Burotosisie BepctaTtu 1Jis ppe3epyBaHHs KOJIHYACTHX BaJliB.

Kommnaniss Hegenscheidt MFD [15] BuroTtoBinisie Bepctat Ta iHCTPYMEHTH JUisl 0OpOOKH
KOJIIHYACTHX BaJliB.

VY ny6mikarii [ 16] po3nistHyTO BUPOOHHUIITBO aBTOMATHYHOI JITHIT 711 00pOOKH KOJIIHYACTUX
BaJIiB. AHAJII3y€ThCs Ta OOUPAETHCS 00JIaHAHHS IS [T1ABUILIEHHS ITPOyKTUBHOCTI 0OPOOKH.

V crarrti [17] HaBeieHO OCHMITIOIOYMI BepcTaT ISl HUTI(yBaHHS KOJTIHYACTUX BaJiB.

VY [18] po3misinyTo (hpesepyBanHs nepudepiero, TopueM (ppesu, a Takoxk 00poOKy pizLeM.

VY po6ori [19] po3risiHyTo BHYTpIlIHE (Ppe3epyBaHHs MIUHOK KOJIHYACTUX BaJIiB.

VY my6nikanii [20] onucana o0po0Oka maTyHHOT IIMHKKM KOJTIHYacTOro Bajia, HaBeJeHa 3aje-
JKHICTB 3MIHU IIBUJKOCTI IIPU 00poO1Il ATYyHHOI IIMMKYU B IOBOPOTY KOJIIHYACTOIrO Baja.

VY crari [21] po3misgaeThCs 3MILIHEHHSI MOBEPXHI KOJIIHYACTOTO BaJia MiCIs MEeXaHIqYHOI
00poOKH.

Y po6oTi [22] onucyeThes mpolec HMutigyBaHHs KONTiHYACTHX BalliB. Ix 06poOKy 3aiticHro-
I0Th Ha CIEHIAIIbHO PO3POOJICHUX JJI IbOTO BepCcTaTax.

Bujinennsi HeoCTilXKeHUX YACTHH 3arajibHoI nmpoodsaemu. BiacyTHiil aHani3 BiZOMUX
METOA1B OOPOOKH IIAaTYHHUX IMUHOK KOJIIHYACTHX BaJliB.

Merta crarTi. MeToro cTarTi € aHai3 MEeToAiB 0OpOOKH KOJIHYACTUX BajiB, 10 JO3BOJIHTH
BUJIJTUTH HAHO1IBIIT ONTUMAJIBHI, @ TAKOXK 3HAUTH TXHI MepeBaru Ta HeIOMIKH.

Bukiax ocHoBHoro marepiajy. Y crarti [1] 3ampornoHoBaHe MOIYyJbHE TPUBHMIPHE
MOJIETTIOBaHHSI Mpoliecy nutiyBaHHs KoJdiHUacTHX BaiB. Ha puc. 1 300pakeHo cxemy 0OpoOKu
KOJIIHYACTOro Bajia / OPIEHTOBAaHMM Ha HEBEJHMKHHA KyT \y By3bKUM LUTI(YBaTbHUM KpyroMm 2.
Kopinai Ta maryHHi MUk 3 0OpoONstOThCS 3a ONMH ycTaHOB. YOpHOBE Ta UUCTOBE
nuTigyBaHHS BiIOYBAETHCS 3a OIMH MPOXIiJI 32 PaXyHOK TOTO, 1110 YOPHOBUM MPUITYCK 3HIMAETHCS
TOPIIEBOIO TIOBEPXHEIO KPyTa, a YNCTOBA 00poOKa BiIOYBAETHCS Mepudepicro IHCTPyMEHTA.
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Puc. 1. Cxema 06pobku xoninuacmoeo eana [1]
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Ha puc. 2 300pakeHo cxeMy LutiyBaHHs IIATYHHO! IMMHKK 4 y MOYAaTKOBOMY IOJIOKEHHI
(puc. 2, a), KoM MIXOChOBA BIJICTaHb Y C KOJIHYACTOTO Basia / Ta nuTi)yBaIbHOTO Kpyra 2 Haii-
OiTTbIIIa Ta MOJIOXKEHHS, KOJIM IIaTyHHA [IMiiKa TOBEpHYTa Ha KyT 3 (puc. 2, 6), Ipu [IbOMY TOUKa
KOHTakTy 3’ He 30iraeTbes 3 Toukoro 3. Ctabumi3amis 3HATTSA NPUITYCKY Ta MoJadl Mo KOHTYpY
Bi10yBa€ThCs 32 paXyHOK CHHXPOHHHMX BEPTUKAJILHOTO Ta IONIEPEYHOr0 PyXiB IHCTPYMEHTA.

X, 2 3%y 1 X 23 3 41

<1 <!

Puc. 2. Cxema wnighysanusn wamynnux wuiiox [1]

VY marenTi [2] onrcano cnociO nutidyBaHHS KOJTIHYACTOTO Bajia 32 OJUH YCTAHOB Ta BEPCTAT
JUTSL 3IACHEHHS 1IbOTO crioco0y. CriouaTKky 31HCHIOITh YOPHOBE IUTI(PYyBaHHS KOPIHHHMX IIIUHOK
(ab0 1 KOPIHHUX, 1 HIATYHHUX IIUHOK), a MOTIM — YUCTOBE ILTI(yBaHHS MIAaTyHHUX MHUHOK. OcKi-
JbKH JIeTallb He MOTPIOHO 3HIMATH 3 OAHOTO BepcTara i 3aKpilUIATH Ha 1HIIOMY, 3MEHILY€ThCS
yac 00pOKH, a TAaKO)K HE BUHUKA€E MOXUOKH BiJ MIEPEYCTAaHOBKU. 3 1HIIOIO OOKY, 32 PaXyHOK Ha-
BE/ICHO1 OCIiAOBHOCTI 00pOOKH MpH LTiyBaHHI JOCATAETHCS T€, 0 HANIPYKEHHS B Marepiai
3MEHIIYEThCS 1 He BUHUKAE 3MIHU (POPMHU Micist 00poOKH KOTIHYACTOrO Basa.

Kpare 3aiicHioBatu nutigysanus kpyramu CBN 3i mBuakicTio pizanns 80-120 m/c. [Tpu
00poOIIi TOBrUX KOJIHYACTHX BajliB BAKOPHUCTOBYIOThH JIFOHET.

€ BapiaHT 00pOOKHM OHUM ILTi(QyBaIBHUM KpyroM abo 1BoMa. /[Ba Kpyru MOXXyTh po3Ta-
HIOBYBATHUCh 13 PI3HUX CTOPIH, 1110 10/IaTKOBO 3MEHIIIYE Yac 00pOoOKHU

Ha puc. 3, a 300paskeHO BCTaHOBJIEHUH KolMiHYacTUil Bai /. BiH BcTaHOBJIEHUH y 3aTHUCK-
HOMY TaTpOHI 2, 1110 BCTAHOBJIEHUH y MIMHUHJEN 3. Y LEHTpl 3aTUCKHOTO MaTpoHa 2 3HaXo-
JUTHCS TIEpIINN LIEHTP 4, Ha SIKOMY BCTAaHOBJIEHUH KOJiHUACTHA Ba /.

PanianbHmii 3aTHCK KOJTIHYACTOTO Bajia / 3M1ACHIOETHCS 3aTUCKHUMHE KyJTadKaMH 5 3aTHCK-
HOTO NaTpoHa 2, sIKi 3aTUCKAIOTh 10 30BHIIIHIN nepudepii Gpranus 6 koxiHuacTtoro Bana /. JIpy-
TUil KiHElb KOJIIHYAacTOro Bajla / OMMUPAEThCs HAa NPYTHil LeHTp 7 3aaHboi 0abku 9. [pyruit
LEeHTp 7 3a1Hb01 0A0KHM BCTAHOBJIEHUH Ha MIHOMI 8, 10 PyXa€ThC B 0COBOMY HAaNPSMKY. 3a/1Hs
6abka 9 Moxe OyTH 3aMICTh 3aJHOTO LIEHTPY / OCHAIIIEHA APYTUM 3aTUCKHUM MaTPOHOM, SIK 1
6a0ka 3aroToBKHU. Y TaKOMY BHIIQJIKy 3aTUCKHI KyJayKy 1IbOTO 3aTHCKHOTO MaTpoOHa 3aTHCKa-
I0Th IWTIHAPUYHUHN KiHeb 2/ KoiiHdacToro Baia /. [IpuBia KomiHYIAacTOrO Basia / BUKOHYETHCS
3TiHO 3 MOKa3aHUM Ha puC. 3, @ BapiaHTOM BUKOHAHHS TaK, 1110 KOJIIHYATHH BaJl / TPUBOTUTHCS
B 00epTaHHs HABKOJIO KOPIHHOT MMHKKW // mmuHAeNIeM 3 3arOTOBKH 13 3aTUCKHUM TTaTPOHOM 2.
[Tpusin Bukonanmii y Bursiai YITK-oci (ctpinka C1). B iHmomy BapiaHTi BUKOHAHHS 3aHA
0abka 9 Moxe OyTH BUKOHAHA HE 3 JIPYTUM LIEHTPOM 7, a 3 MPUBOTHOIO MIHOJUTIO 33THHOT 0a0KU
(UITK-Bick C2). ITokazano mumidyBanbHui mmuuaens 30 31 nuridyBanbHuM kpyrom 3 7. Hlmi-
¢dyBanbpHUI mMUH/ENb 3() BCTAHOBIICHUN Y KOpITycCi nuTihyBajbHOT 0a0KH, IKUH MOXKE TTepeMi-
matHcs B HanpsMKy oci X 3a gonomororo YIIK-oci. babka 3aroToBkH i3 3aTUCKHUM HaTPOHOM
2 i3aaHg 6a0ka 9 3MOHTOBaHI Ha CTOJI HUTI(hYBaTHLHOTO BEpCTaTa, IKUH MOYKE ITEPEMIIIIATUCS B
HarnpasieHHs Z. KoniHdacTuil Baj ycTaHOBICHHH Tak, 11100 Horo cepeans Bich /3 3Haxonunacs
TOYHO Ha ONHIH JIiHIT 13 CepeqHIMHU OCAMU MMUHACA 3 1 mHOoM & 3aaap01 6abku. Jlronet /0
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3aKpimieHui Ha CTOJl HUTiyBaIbHOTO BEpCTara, HOro BCTAHOBIIOIOTh Ha 3a/laHiid KOpiHHIN
i /7. HmidyBaHHS KOJMIHYACTOTO Bajda / MOKHA BUKOHYBATH MPHU PI3HUX BapiaHTaX Po3-
TallyBaHHA NUTi(yBaNIbHOTO MIMUHAENS (MOXKIMBI Pi3HI BapiaHTH BUKOHAHHS BEpCTaTa).

Puc. 3. UInighysanns xoninuacmoeo eana [2]

[nmidyBaneauii Kpyr 3/ Bpi3a€Tbes B KOMIHYACTHH Bajd /. 3MIHCHIOETHCS YOPHOBE Ta YHC-
ToBe nuTidgyBanHs. Ha puc. 3, 6 moka3aHo maryHHy MIMHKY 3 OOKOBHMH pajiycaMu i nutidoa-
HUMHU O0KOBUMH MoBepXHsaMH. [1laTyHHa mmiika /2 Mae OOKOBI pajilycH, sIKi TAKOXK TOIEPETHBO
HUTIQYIOTHCS, IPH KiHLIEBiH 00po01Ii pajiyc nutiyeThes BKE HE TOBHICTIO, OCKLIBKH BiH HE TIPH-
JIsira€e JI0 BKJIAIMIIA ITiITUITHAKA B KOPITYCi IBUTYHA TIPY BCTAHOBJIICHOMY KOJIIHYaCTOMY BalTy.

Ha puc. 4, a cxemaTn4HO TOKa3aHuil BepcTar 43 A nutidyBaHHs KOJiHYAacTHX BamiB. Ha
CTaHUHI 4/ BCTaHOBJICHUH CTiJI, HA IKOMY 3MOHTOBaHa 0a0ka 40 BupoOy i 3aans 6adka 9. [Imi-
¢yBanbpHa 6abKka 42 CIy>KUTh 7Sl pO3MINIEHHS IUTi(hyBaIbHOTO MMHUHEN 3(), BOHA BUKOHAHA
3 MOXKJTMBICTIO TEPEMIIIIEHHS 10 OCi X.

Ha puc. 4, 6 mokazano apyruii Bepcrar 44 ais nutipyBaHHS KOJIIHYACTHX BB, SIKHH Ma€e
nBi 6abku. Koxxna nutipyBansna 6a0ka mae HezanexHi YIIK-oci. Ile o3Hadae, 110 KO)KHUMA KPYyT
MOKHAa BUKOPHCTOBYBATH HE3aJIeKHO Bif iHIIOTO 3rifiHO 3 mporpamoto UIIK. Take po3zramry-
BaHHSI TIPY OJTHOYACHOMY IILTIQyBaHHI Ma€ MepeBard, Mo Ji0Th HA KOJIHYATHN Baj MPOTUIIC-
YKHO HaTpaBJIeH] CHIIM B3aEMHO YPIBHOBXXHUTHU OfHA ONHY. [IpocTopoBe po3rainryBaHHS 00p00-
JIFOBAHOTO IICHTPa MOYKe Oy TH TaKOXK TaKUM, 110 O€3M0CepeIHhO HATIPOTH OHIET IITi(yBaIbHOT
0a0Ku 3 ONIHIET CTOPOHM KOJIIHYACTOTO BaJla 3HAXOAUTHCS HUTi(yBagbHa 0abKa 3 MPOTHIICKHOT
CTOPOHHM KOJIIHYACTOTO BaJja.

31 . 31

a o
Puc. 4. Cxema winighysanns xoninuacmozo eéana [2]
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VY [3] onucano npucTpiif Ta cnoci6 nutiyBaHHS KOJIIHYACTOTO Baja. Y LBOMY CIOCO01
CTOYaTKy 3A1MCHIOIOTh 00POOKY KOPIHHMX IHIMHOK, IMICJIS YOTO BaJl MOBEPTAETHCA JO IOJIO-
YKECHHS1, KOJIU BiCh KOPIHHUX IIMHOK 1 BiCh O/IHI€T 13 TPHOX MIATYHHHUX IUHOK yTBOPIOIOTH TOPH-
30HTAJILHY IUIOMIMHY. [HCTpyMeHTalIbHA TOJIOBKA MEPEMILIY€ThCSI B TOPU3OHTAIbHIN IIOMIMHI
HEePHIEHIUKYISIPHO OC1 KOJIHYACTOIO Bajla Ha BEJIMYMHY €KCLIEHTPUCUTETY ocl maryHa. Obep-
TaHHsI KOJIIHYAaCTOr0 BaJla HABKOJIO OCI IPYIU IIATYHHUX IIUHOK 3/1HCHIOETHCS 32 JOIOMOTOIO
(ikcaTopHOT0 nepeMHKaya. 3A1HCHIOETbCS 00pOOKa rpyNnH MIATYHHUX HMIMHOK, MICJsl YOro Bep-
CTaT 3HOBY HAJArO/XKYIOTh Ha 00POOOK 1HIIOT IPyNH MIATYHHUX IIUHOK.

VY [4] onucano Beperar (puc. 5) st nutigyBaHHs MMHOK KoiiHYacToro Bayia. Ha Biqminy
BiJl 3BUYAITHUX KPYIVIOLULTI(YyBaIbHUX BEPCTATIB, BIH BKIIIOYA€ NATPOHU-LIEHTPO3MIIyBayl, SIKi
YPIBHOBAXYIOTh MPUCTPiH 31 3MIIIEHUMH BITHOCHO OC1 0OEpTaHHS BAHTXKaMH, SIK1 TPU3HAYCH1
JUIs 1UTiyBaHHS MIATyHHUX MIMHOK KOJIIHYACTOTrO BaJa.
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Puc. 5. Bepcmam ons winigpysanusn koninuacmux eanie [4]

VY crioco6i [ 5] omucano mporiec 00poOKH KOJIIHIACTOTO Bajla YOTUPHUIHIIIHIPOBOTO ABUTYHA,
IpU SIKOMY OJIHOYAaCHO 0OpOOIIIOI0TH BC1 KOPIHHI IIMMKHM KOJITHYACTOro Baia. Takoxk oOpobito-
10ThCs (braHIl Ta MI0cKi cToponu mIik. [IlaTyHHI mHiKH 0OpOOITIOIOTECS TI0 JIBI OTHOYACHO O/I-
HUM 13 IBOX METOIiB 200 3IHCHIOETHCS 00epTaHHS BITHOCHO IIATYHHUX ITHMHOK 1 31HCHIOETHCS
00poOKa sIK MpH HUTiIPYBaHHI IMIIHIPUIHOI MOBEPXHI 200 BUKOPUCTOBYETHCS MOIEpeYHa I10-
Jaya JUis MOYIJIMBOCTI OOpOOKH IIATYHHOI IIMIKHM, TAaKOXK BiAOYBAETHCS TO3IOBXKHS Mojaya i
KOHTPOJIb (KOpETryBaHHS ) 3HATTS MaTepiay i pafialbHOro OUTTS 0OpOOTIOBAaHUX IIHHOK.

VY marenti [6] onucaHo crocio, 3rigHO 3 AKUM NUTi(hyBaHHS KOJIIHYACTOTO Baja 3/IIHCHIO-
€ThCs 32 oauH ycTaHoB. IlInidpyBaHHS BCIX KOPIHHUX MIUHOK BiI0YBA€THCSA OJHOYACHO (pHC.
6), mpu 00OpOOIIl MIATYHHUX IIUHOK OJTHOYACHO HUTI(PYIOTHCS JBI MATYHHI MKKAKU. [Ipn nbomy
Ha BIAMIHY BiJl 0OpOOKM KOPIHHHX IIUHOK € MOXJIUBICTh 0OpOOKH TBOMa METOAaMH a0o 3/1iii-
CHIOETBCSL 00epTaHHs BiTHOCHO IMIATYHHUX IIMHOK 1 3NIHCHIOETBCS 00poOKa sK mpu nutidy-
BaHHI IWJIIHAPUYHOI TIOBEPXH1 a00 BUKOPUCTOBY€ETHCSA MONEPEYHA [To1a4a AJIsi MOXKJIUBOCTI 00-
poOku maryHHoi muiiku. [1ig yac oOpoOKM MOCTIMHO 31HCHIOIOTH BUMIPIOBAHHS PO3MIPIB
JIeTal, Mo J03BOJIAE Maiyke MUTTEBO BU3HAYMTH 1 BBECTH KOPEKIIIIO Tpoliecy NutidyBaHHS.
OnHOuacHO 37iICHIOETHCST 00pOOKa IBOX BaiB.
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im

1]

Puc. 6. lLInighysanns xoninuacmux éanis [6]

VY [7] onucano mpouiec (GiHiTHOT 00pOOKH KOJIIHYACTOTO Bajia, IPH SKOMY 3arOTOBKY KOJIi-
HYaCTOTO Bajia BCTAHOBIIOIOTH HA TOKAPHOMY BepCTarTi, ppe3y BCTAHOBIIOIOTH NEPIICHANKYJIS-
PHO JI0 TBIpHOI MOBEPXHI, IO 00pPOOITIOETHCSA. 3MIITHEHHS TIOBEPXHEBOTO Iapy IIMHKUA BaTy
BiZIOyBa€eThCS 32 PaxXyHOK HAKJICIy IPH pi3aHHI PH BUKOPUCTAHHI TopLeBoi madepHoi ¢hpesu.

Kominuactuii Ban / (puc. 7, a) 3aKpiIuIOOTh B MaTpoHi 3 Ta HeHTPi 4 3a1Hb01 6a0KHM TOKa-
pHoro Bepcrara 2. llInuanenpHa rooBka 6 3 ToprieBo-madepHoro ¢pe3or 7 (puc. 7, 6) BcTa-
HOBJICHa Ha cynopTi 5. [Ipu BcTaHOBIIEHHI TOTPIOHO 30pieHTYBaTH Ppe3y Tak, moo ii Bick 00e-
praHHs Oyina TEPHeHIUKYISpHA TBIPHINA MIIIHAPUYHOI MOBEPXHI OOPOOIIOBAHOI IIUUAKH
KOJIIHYACTOTO Bajia /, a TaKOXK HE0OX1THO 3a0€3MEYNTH 3MIIIIEHHS 0C1 00epTaHHS BiIHOCHO TBi-
pHOi Ha Benu4uHY e (puc. 7, 6). BenmuunHa 3MilIeHHs BU3HAYAETHCS 3aJIKHO BiJ Jiamerpa
00po06mroBanoi muiiku. ITicas BCix HamamTyBaHb BiIOyBaeThess 00poOKa, 0OepTaHHs KOJIiHYa-
CTOMY Basly / HaJla€ThCs IIMMUHJEIEM IEepeIHb01 0abku Bepcrarta 2, obepTanHs (pesi 7 Hamae
MIPUBOJI TOMIBKH 6 mmuHes. CynopToM J Ta KapeTkoro 8 BepcraTta 2 3a0e3MeuyroThes pajia-
JbHA TIOa4a /171 3a0e3neueHHst BpizaHHs Gpe3u 7 1 MOo3M0BKHS 1Moj1ada B3I0BK TBIpHOT IMITiH-
JPUYHOT MTOBEPXH1 IIMHUKH.

OO6pobOka 3a METOIOM 3HATTS TOHKMX IIapiB METay IO MepepuBYacTiii TBUHTOBIN JiHIT
3MIUCHIOETHCS 3a PaXyHOK 3MIIIIEHHS Oci o0epTaHHs Gpe3u B TAHTEHIIIHHOMY HanpsMKky. [Tpu
MO3JIOBXHIH 1MO/1aui iIHCTPYMEHTA y 3BOPOTHOMY HAIPSIMKY TaKOX (OPMYETHCS IEepeprBYACTa
TBUHTOBA JIiHIA 3 oAi0HUM MipkonpepuBanHaM (0,5...0,9 mxm). Lle mokpamrye 3maniyBaHHS
MaCTHJIOM TIPY eKCILTyaTallii kojaiH4actoro Baya. OiHINIHY 00poOKy KOJIIHYACTOTO BaJia BHKO-
HYIOTh TIOYMHAIOYU 3 KOPIHHHMX IUHOK. [Ipr 0OpoOIll MmaryHHUX MUHOK 3IIHCHIOIOTH 3Mi-
IICHHS [IEHTPIB, 00 00epTaHHs Baja OyJIo BITHOCHO IMIATYHHUX IIUHOK, 8 HE KOPIHHUX.

Puc. 7. llInighysanus koninuacmoeo eéana [7]
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V natenTi [8] onucano cnocid o6poOku netaneil Tumy KoniHdactuit Baji. KoniHuacTuii Ban
2 (puc. 8) BCTaHOBIIIOIOTh HAa BEPCTaTi, HA1al0Th 0O0EPTaHHS HABKOJIO 00POOIIOBAHOT IMHKH 31
MIBUIKICTIO M, Y IIMHUHEII (hpe3epHOi roJOBKH BCTaHOBIIOIOTH (pe3y 1 3 uncinom 3yOuiB Z,
HaJal0Th 00epTaHHs 31 MBUAKICTIO ®u. Ppe3a BUKOHAHA TakK, 00 BHCOTA Pi3ajbHOI KPOMKHU
3aBk M OyJia MEHIIE MOMEePEHBO1, a KYT MIX pi3aIbHUMH KPOMKaMH CYCiHIX 3yOI1iB OLIbIIIE.
YacTtoTta o6epTaHHs AeTali MOBUHHA OyTH O1JIbIlIa, HI’K 4acTOTa 00EpTaHHS IHCTPYMEHTA.

5 RS A S

IR T T

Puc. 8. @pezepysanns koninuacmoeo éana [8]

Jlst 3a6e3neueHHs 6e3nmepepBHOCTI 1 TPABUIIBHOCTI MPOTIKAHHS MTPOIIECY TOBUHHO MTPaBH-
JHHO BUKOHYBATHUCS CITIBBIHOILIECHHS MapaMeTPiB My, Ou, Sp.
KyToBy mBuakicTs ¢pe3u Ta neraini noTpioHO 0OMpaTH 31 CITiBBiTHOLICHHS

% = (oziAS (l)
Yo2r|1-=S
S

p

JI€ u, Ox — KyTOBI MBUJIKOCTI IHCTPYMEHTA Ta JETal, paj/c;

(zi — KyT MDXK pi3aJIbHUMU KPOMKaMH IHCTPYMEHTA, paj;

ASi —panianbHa 3MiHa BUCOTH YCTaHOBKH 1-TO{ pi3aJIbHOI KPOMKH 111010 ONIEPEIHbOT, MM;

Sp — MBHUIKICTH pajaianbHOI MO/1a4i IHCTPYMEHTa, MM/00.

Ha ITAT «XapkiBcekuit BepctatoOyaiBHHIA 3aBoa» [9] BUroToBisitorh Bepetaru 3 UIK ams
nuTipyBaHHS KOPIHHUX Ta MATYHHUX MIUHOK KOJIHYACTHX BaJliB, @ TAKOXK JUIsI IepelutipyBaHHs
(peMonTy). HaniBaBTOMaTH BUTOTOBJISIOTH HAJIArOXKEHUMHU Ha 00pOOKY NMEBHOT0O BUPOOY 1 BU-
KOPHCTOBYIOTHCS B YMOBAX CEpiifHOro Ta MacoBOro BUPOOHUIITBA.

OOpobka KomiHYACTHX BadiB 3MiMCHIOETbCS Ha Bepctarax (XII2-70M®20, XIII2-
76M®20, X1112-80D20, XI112-86d20) MmeTo10oM Bpi3HOTO IITi(yBaHHS 3 TPUIAIOM AKTUBHOTO
KOHTPOJIIO B HaliBaBTOMAaTUYHOMY IMKJI. J[i1s1 0OpOOKHM MIaTyHHUX MIMHOK BUKOPHCTOBYIOTH
Bepctatu mojeneit XI112-80D20 (puc. 9), XI112-86D20.
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Puc. 9. Cneyianvuuii sepcmam (a) 015 winighy8aHusa wamynHuX WUioK KONiH4acmoz2o 8aia
ma cxema ix oopooxu (6) [9]

[Tpu 06poO1i maTyHHUX MUHOK 00poOIIOBaHUI KOJIIHYACTUI BaJl 0a3y€eThCsl KpaHIMH KO-
PIHHMMH LIMMKaMHU y IpU3Max NaTpoHiB MepeiHbo1 1 3a1Hb01 0a00K. [I0BOpOT KosliHYacToro Bana
IpY NepexoAl 3 MUNKY Ha MIMUKY H Opi€HTAallis] HACTYITHOI IIaTYHHOI IIMMKK Bich 0OepTaHHS
3I1MCHIOETHCS] AaBTOMAaTUYHO MEXaHI3MOM JIUIeHHs. [[j1s 3MEeHIIeHHsI IPOrMHY KOIIHYaCTHX BaJliB
BCTAHOBJIIOIOTh pyXoMuUH JitoHeT. [IpaBka 1utidyBaabHOIO Kpyra 34iHCHIOETCS aBTOMATHYHO.

Ha  BimokpemneHomy  miapo3aini  «JlyOeHchkuii ~ BepcTaroOymiBHMM — 3aBOI»
[HAT «MOTOP CIY» [10] BUTOTOBISIOTE BEPCTATH IS MepeNLTi(hyBaHHS KOJTIHIACTUX BAJIIB.
Bepcraru cnenianpHi kpyrnonutidysansHi Moneneit 3411, 3714230, 3B423, 314231, JIT-235
(puc. 10) npusHaueHi A nepenuTioBKU KOPIHHUX Ta MIATyHHUX IIUHOK KOJIIHYACTHX BajliB
1 IHIIKMX JeTane Tunmy Kpupomwumna. [Ipu nutigyBaHH! MATYHHUX IIHHOK 3M1MCHIOIOTH 3Mi-
IIEHHS KOJIHYacTOro Baja Tak, 100 KOJiHYacTUH Baj 00epTaBcs BiIHOCHO LIATyHHUX IIU-
Mok, OanaHCcyBaHHS 31HCHIOETHCS pyXOMUMH BaHTaKaMH, 1110 PO3MIIIEH] 3331y 6aboK BUpPO-
0iB y HepoOouiii 30HI. Pa3omM i3 BepcTaroM MMOCTAYaIOTHCSA TPWIAAA JUISl TIPABKH
nuTiQyBagbHUX KPYTiB, BUMIPIOBAJIbHI IPUCTPOI, JIFOHET.

a o6

Puc. 10. Bepcmam ons nepewinighosxu xoninuacmux eanie mooeni 3/[4231 (a)
ma 3411 (6) [10]

®ipma Junker [11] Burotosisie BucokoTouni nutigysanbHi Bepctatn JUCRANK 3 UIIK
(puc. 11) ans 06poOKku KoJiHUACTUX BaiB. YOpHOBE Ta YUCTOBE LUTi(yBaHHS KOJTIHYACTHX BaJliB
BiIOYBa€THCS 32 OIMH ycTaHOB. [171s1 3a0e31eUeHHsT BHCOKOI TOYHOCTI 0OpOOKH KOJIIHYACTUX Ba-
JIiB BCTAHOBITIOIOTH pyXoMuii JitoHeT. [1i1 yac 00poOKu 311iCHIOIOTH KOHTPOJIb TOYHOCTI.
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Puc. 11. lnihysanns xoninuacmoeo sana na eéepcmami gpipmu Junker [11]

[Ipu 06poOIi Ha BepcTaTi MasTHUKOBUM METOJIOM KOJIIHYACTUN Baj 00epTaEThCS Ha-
BKOJIO IIEHTPAIBHOI OC1 (0C1 KOPIHHUX IMIUHOK), LTI (DyBaTbHUN KPYT PYXAETHCS 3a MIATYHHOIO
mmiikoro (puc. 12).

Puc. 12. lInihysanus koninuacmoeo 8ana masmuuxosum memooom [11]

ITpu 0Opo61i 3 MapaelbHUMH OCAMH 3aTOTOBKHU 1 IHCTPYMEHTH BCTAHOBJIEHI 3 Mapasieiib-
HUMH OCSIMH, 3aBJISIKH [IbOMY IIHIAKH 00POOITIOIOTHCS BPi3HUM MuTihyBaHHsM (puc. 13).

Puc. 13. lInighysannsa koninuacmozco eana 3 napaieibHUMu 0CAMU 3a20Mo6KuU
ma incmpymenma [11]
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Cxemy Mmetony nutipyBaHHS 3 OpIEHTOBAaHUMU NLTiI(HyBATbHUMU KpyraMH 300pa>KeHO Ha
puc. 14. By3bki nutiyBanbHi KPYTH TOBEPTAIOTHCS HA HEBEJMKHHA KYT, IPH IIbOMY KOXHA KO-
piHHA Ta IIaTyHHA IIMIKa OTpUMYE BiacHy (GopMy mpodiito 3 KOMIEHCAII€I0 KOHYCHOCTI
0e3 3aMiHU KPYTIB.

¥ a1
a2

- J— | - _v -

Puc. 14. [lInigpysanus xoninuacmoeo eana opicumogarnumu kpyeamu [11]

Kommanis Sandvik [12] Burotosmsie ¢hpesu 31 3SMiIHHUMU TutacTHHAMU (puc. 15, a) nist 00-
poOKH KomiH4YacTuX BailiB. Ppe3a CKIIagaeThes 3 AUCKA, JI0 SIKOT'O KPIIUIATHCSA KaceTH 3 Iiac-
TUHAMU pi3HOi popmu. € dpesu 3 po3TalryBaHHS IUIACTUH Ha 30BHIIIHINA Ta BHYTPIIIHINA (pHC.
15, 6) moBepxHi AKCKA.

Puc. 15. @peszepysanns xorinuacmux eanie (a) ma gpesa (6) [12]

M641 1 M642 — 1ie 1Bi 1ucKoBi (pe3u 111 0OpOOKHU KOMIHYATHX BajliB 3 TAHTEHIIAIBHO
(M641) Tta pamianpbHO po3TamoBaHuMu IiactuHamu (M642). Pospobiena ¢dpesa
CoroMill 745, y sxiii 3’IBUBCSI HOBHM CITOCiO po3TaltyBaHHS IIacTUH Ha (pe3ax. Ha M642
1€ TO3BOJIHIIO 30LTBIIUTH 00’ €M CTPYKEUHOI KaHABKH 1 KITbKICTh €(DEeKTUBHUX 3yOIIiB B TIO-
PIBHSIHHI 3 TpaJuLIHHUMHU Ppe3aMu 3 TAHTEHLUIMHUM pO3TallyBaHHAM IacTuH. L1 HoBa 3a-
SIBJICHA HA MATEHT KOHCTPYKIlis 3MEHIIMIa Yac 00poOKH 1 MOKpaIiuia BiBia cTpyxku. [le-
peBaraMu OXOIUTIOIOYOTO 1HCTPYMEHTAa € BHCOKa CTaOUIbHICTh Ta TMPOAYKTHUBHICTH,
3MEHIIICHHS 3aTpaT 3aBsKH MEHIIIH KUIBKOCTI MJIACTUH Y pi3aIbHOMY 1HCTPYMEHTI, CUCTEMA
IIBUJIKOT 3MI1HU 1 3HM)KEHA Bara iIHCTPYMEHTA.

Kommanis Walter Tools [13] BurotoBmisitots Gpes3u 1ist 00poOKH KOPIHHUX Ta MIATYHHUX
MIMHOK KOJIIHYACTUX BaiB. @pe3u BUTOTOBIISIIOTH 3 PO3TANTyBAaHHSM IUIACTHH 13 30BHIMIHBO1
cTOpoHU JucKa (puc. 16, a, 6) Ta BHyTpilHbOI (puc. 16, 6). IlepeBaraMu BUKOPUCTAHHS ITUX
bpe3 € TpuBaIMi TEPMiH CITY>KOU 1THCTPYMEHTY, BUCOKA HAIIMHICTh Ta TOYHICTb.
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Puc. 16. @pesu ons 06podxu koninuacmux eanie [13]

®ipma HELLER [14] BuroToBmsie BepcTath s Pppe3epyBaHHS KOJTIHYIACTUX BaTIiB. 30B-
HimHe (pe3epyBanHns (puc. 17, a) € THy4YKUM 1 IPOIYKTUBHUM MeTOA0M. CHCTEMU BUPOOHHUII-
tBa BamiB RFK Bix HELLER nipu3HadeHi A1 BUCOKONPOIyKTUBHOT 00pOOKH KOPIHHHX Ta II1a-
TYHHHX IIUHOK, TOBEPXOHbD IIIIK 1 30BHIIIHIX JA1aMETPIB IIiK, a TAKOX CHEI[iaIbHUX KOHTYPIB 32
OJIMH yCcTaHOB. MOKJIMBE BUKOPUCTAHHS TPYIOBUX (pe3, a TAKOXK OJHOYACHE (hpe3epyBaHHS
KOPIHHMX Ta MATyHHHUX IHHOK. MOXXITMBE BCTAHOBJICHHS JIOHETY NIl OOPOOKU JOBTUX KO-
HYaCTHX BaJliB.

Puc. 17. @pezepysannsa koninuacmux 6anieé @ppesoio 3 po3mauty8anHam NAACMUH
3306HI (a) ma ecepeouni (0) [14]

Kommanis Hegenscheidt MFD [15] BuroToBmnsie BepcTaTé Ta iHCTPYMEHTH JiJisi 00pOOKH
KOJIIHYACTHUX BajliB. € BepCTaTH AK JJIs1 MAaCOBOT'O BUPOOHUIITBA, TAK 1 THYYKl CHCTEMH I Pi-
3HHUX THUIMOPO3MIpIB KOJIHYACTUX BaiB. YOpHOBA Ta YncTOBa 00poOKa Ha Ppe3epHUX EHTPax
NILES-SIMMONS N20 CM i N30 CM (puc. 18) 3miiiCHIOETBCS 32 OJMH YCTAHOB.
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Puc. 18. @peszepysanns xoninuacmux eanie komnanisis Hegenscheidt MFD [15]

VY ny6mnikarii [ 16] oOupaeThcst MeTon 00poOKH KOJIHYACTOTO Basia. J{Jis po3IyIsiHYyTOTO BH-
poOHUIITBA O0MPAIOTHCA BEPCTATH aBTOMATUYHOI JiHI1, 3a0€3Meuy04l CKOpOUEHHS Yacy Mpoc-
TOIO MIXK OTIEpaIlisIMH.

V crarri [17] onrcanuii po3po0ieHuit 0CIMITIOIOUNI IITiI(YBAIBHUI BEpCTAT 1T 0OPOOKH KO-
JiHgacTux BaiiB. Llg TexHomnorist BukoprctoByeThes ipmamu Landis and Junker, Bona € TaemHOI0.

KoncTpykiis ocummorodoro mutidyBaabsHOTO BepcTaTa HaBeneHa Ha puc. 19. Beworo 7
oceit UIIK X1, X2, Z1, 72, C1, C2 ta W. []ns BucokoepeKTUBHOTO TUTi(hyBaHHS KOJIIHYACTOTO
Bajla HEOOX1THO 3a0€3MeYNTH TaKl MapaMeTpH: MIBUIKICTh MMOoAavl MuTi(hyBaIbHOTO KpyTa Io-

BUHHA OyTH 60 M/XB 1 OiJIbIIIE, BHCOKY TOYHICTH Ta YKOPCTKICTb.

Puc. 19. Ocyuntorouuti winighyseanvruii sepcmam:
1 — cmanuna, 2 — cynopm, 3 — kapemka incmpymenma,
4 — wnunodenv winighysanvHo2o Kkpyea, 5 — nepedus baovka, 6 — 3a0us 6adka [17]

Y po6ori [ 18] omucaHo pizHi MeToAM OOPOOKH JIE30BUM IHCTPYMEHTOM. Bifl IKOCTI 00p0oOKH
3aJIe)KUTh TEPMiH CITYKO0U KosliH9acToro Baia. PosrmsiHyTo 00pooky nepudepieto ppesu (puc. 20,
a), ii Topuem (puc. 20, 6), a Takoxk 00poOKy piznem (puc. 20, ¢). IllatyHHi muiiku Ta iXHI ranTeni
CKJIaIHIIIEe BChoro 00poouTu. [1pu 06pobiti dhpe3oro 3you ¢pe3u BpizatoThes, MPH IOMY IPOIIEC
00pOOKM HE € TUTABHUM, 1[0 HETAaTHBHO BILTUBAE Ha 00poOneHy nosepxHio. [Ipu TokapHiit 06po-
011l MaTyHHOI IMIUWKK MOYKHA BUKOPHCTOBYBAaTH €KCIIEHTPUKOBUN MPUCTPi a00 mporpamy, sika
Oyne 3a0e3medyBary nepeMillieHHs IHCTpyMeHTa IIpy 00epTaHHI KOJIIHYAaCTOro Baja.
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Puc. 20. Obpodxa xoninuacmoeo eana nepughepicio ¢pesu (a), ii mopyem (6)
ma pisyem (8) [18]

MopnentoBanHs: 00pOOIIOBaHOT TOBEPXHI JI03BOJISIE OTPUMATH TPAEKTOPIIO PyXy IHCTpyMe-
HTa IIpH 00poOIIl Imuiiky Ta ranteni. [licins HamMcaHHs MporpaMu ii MepeBipsrOTh.

VY [19] po3msipaeTsest BHYTpilIHE (Pppe3epyBaHHS KOPIHHUX Ta MATYHHUX HIMHOK KOJIiHYA-
ctoro Basa. Ha puc. 21 HaBeneHa cxema pe3epHoro Bepcrara st HUTihyBaHHS YOTUPHIIHITI-
HAPOBOTO KOJIIHYACTOTO Bajia. Y Miid myOmikarii HaBeleHa MPUHIIUIIOBA cXeMa 00pOOKH KOJIiH-
yactoro Baja Ha Bepcrari 3 UIIK (puc. 21). ¥V crari HaBeaeHi rpadiku MOTYKHOCTI TIPH
(dpe3epyBaHHi KOJIiHUACTOTO Baia. MeTa poOOTH — 3MEHIIEHHS MOTYKHOCTI 00poOKH, ii Baa-
J0Cs AOCATHYTH 332 PaxXyHOK ONTUMI3allii mapamMeTpis.

Y1 Y2
z1 }'XI 2
— — &
Gantryl Gantry?2

Fixed Chuck Mobile Chuck

Ehtter
Head2

Puc. 21. @peszepnuii gepcmam ons winighysanus Koninuacmozo eana [19]

VY ny6mnikanii [20] onrcana o0poOka MaTyHHOT IIUHKK KOJiHYacToro Baita. OCKUTbKY ia-
TyHHA IIMIKa 3HAXOUTHCS Ha TIEBHIM BIJICTaHI BiJl OCi KOJIHYACTOTO BaJjia, TO YMOBU OOPOOKH
3MiHIOIOThCA. KonmiHvyacTuii Basl 3akpiruieHHnid y IeHTpax NnepenHboi Ta 3aaHboi 0aoku. Kyt ¢
nopiBHO€e 0 komu O1, O3, O2 3HaX0AATHCS HA OJ/IHIM JiHIT (puC. 22).

. R, sin
f =arcsin >— d : (2)
R, +R;
R,sin g
R,cosp+R cosf

o =arctan

(3)
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Puc. 22. Tpaekmopis pyxy wiamynHoi wutiku KoniHuacmozo éaia ma kpyea [20]

OP = \/(RO cosp+ Ry cosﬂ)2 +(Rgsin B)? (4)
Vi (¢) = @OLP cos (5 + 5) ()
Vsu () =Vysin +Vs (6)

1€ @ — KyT [TIOBOPOTY;

Ro — ekcuieHTpUCUTET MAaTYHHOI IUHKY;

Rs — paaiyc nutidyBansHOro Kpyra;

Rp — paniyc maryHHoi mmiky;

VWu — TaHTeHIliaJIbHA MBUAKICTE 110 oci U;

Vsu — TaHreHuiagbHa MBUIKICTh HUTiPyBanbHOro Kpyra mno oci U;

® — KyTOBa HIBUJIKICTh OOEpTaHHS KOJIIHYaCcTOrO Baa;

Vs — mBUIKICTH HUTIQYBaIBHOTO KpyTa.

[IBUAKICTD 3MIHIOETHCS 3aJI€KHO BiJl KyTa IMOBOPOTY IIAaTyHHOI mMikH. [IpononyeTbes
npu 0OpoOIIl KOJIIHYACTOrO Baja 3MEHUIMTH HOro 4acToTy oOepTaHHS, 3MEHIIUTH IITHOUHY
pi3aHHs Ta 30UIBLIMTH YacTOTy 0OepTaHHs HUTiQyBaIbHOIO Kpyra mpu oOpoOLli 3 KEpOBaHOIO
TPAEKTOPIEIO.

V crari [21] po3misgaeTbest 3MIITHEHHS TOBEPXHI KOJIIHYACTOTO Bajia MiCJIs MEXaHIYHO1 00-
poOku. [Tpu nutidyBaHHI IEBHUX CTallel IEPETBOPIOETHCS CTPYKTYpa MOBEPXHEBOTIO LIapy I1e-
BHOI nOuHU. Po3pobiena Mozenb TEXHOIOTIYHOro nporecy nutidgysanns kpyrom CBN s
MPOrHO3YBaHHS TEMIEPATypH AK QYHKIT MUOUHU. [cHY€e onTuManbHa MBUIKICTD pi3aHHS, 110
3a0e3mneuye HeoOX1THY TBEPAICTh 0OPOOICHOT MOBEPXHI.

VY pobori [22] onucyeTbes npotiec HuTidyBaHHs KoniHYacTuX BaiiB. KoninyacTi Banu 06-
POOISAIOTHCS Ha CHeliadbHO PO3POOIECHHX Ul IIbOTO BEPCTaTax, OAHUMHU 3 OCHOBHHX BHPOO-
HUKIB Takux BepctaTiB € Jtekt Corporation, Fives Landis Ltd. u Junker Group. ITpu o6po61ii
MIATYHHUX IIMHOK KOJMIHYACTHX BalliB € TaKi CKJIQJHOCTI, SIK BICh KOPIHHUX Ta IIATYHHUX IIIU-
MoK He 301raroThCs, CKJIa/lHa TeOMETpUYHA (popMa MIaTyHHOI IUHUKH, KA CKJIAJaeThes 3 ONOop-
HO1, 00OKOBOT MOBEPXOHb 1 pafaiyca. [IponoHyeThCs pO3IISTHYTH TakKi BapiaHTH 0OpOOKH SK Bpi-
3He nwTidyBaHHA mmix KyToMm (puc. 23, a), mpu 1IbOMY HEOOXiJHO MO0 Tojada 1 4acTOTH
obepraHHs nUTipyBaTBHOTO KPyra i 3ar0TOBKY MaJIH ME€BHI 3HAYCHHSI, & TAKOXK IMOTPiOHO BUKO-
PHUCTOBYBAaTU OXOJIOJDKYIOUY PIIAMHY; METOJ LLII(YyBaHHS, PHU SIKOMY 3MEHIIYEThCS KOHTaKT
MIX 3arOTOBKOIO Ta NUTI(YBaJbHUM KPYTOM, 3 METOIO MOKpPAIEHHS BHUIAJICHHS CTPYKKHU Ta
3HIDKCHHSI IMOBIPHOCTI HaBaHTaXKEHHS KpyTa (puc. 23, 6); METOM, IPH AKOMY HUTIHYBaTHHUN
KPYT MEPEeMIIIaeThCs MK OOKOBUMU CTIHKaMH, IO JO3BOJISIE OXOJIO/KYBaIbHIN PIAMHI 10CS-
raTd mponutigoBaHUX 30H, KOJIU MUTIPYBATbHUA KPYT YK€ HE KOHTAKTY€E 13 3arOTOBKOIO.
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Puc. 23. llInighysanns wuiiku xoninuacmoeo sana [22]

BucnoBku. KoniHuacTi Bajin € JTOCHTh PO3MOBCIOKCHUMHU JETAISIMH, TOMY BIOCKOHA-
JICHHIO MTPOIIECy X 00poOKH mpHCcBsUYeHO OaraTo podit. Takox 6araTo ipm, siKi BATOTOBISIOTh
BEpPCTaTH Ta IHCTPYMEHTH Il 0OpOOKH, MOCTIHHO BJIOCKOHAIIOIOTH CBOT KOHCTPYKIIIT JIJIs 3a-
0e3rneyeHHs BUCOKOI TOYHOCTI Ta MPOAYKTUBHOCTI 00poOku. VY miii poboTi OyB mpoBeneHui
aHaji3 MeToaiB OOpPOOKH MIATyHHUX IIMHOK KOJIIHYAacTUX BamiB. B YkpaiHi dacrimie BUKOHY-
I0Th IUTIYBaHHS KOJIHYACTHX BaliB, 3aKOpIOHHI (hipmu nutiyroTs, Gppe3epyroTs, a TaKoX
BUKOPUCTOBYIOTh TOKapHY 00pOOKYy KoJliH4acTHX BaiiB. @pe3epyBaHHs € TOYHUM Ta MPOIYK-
TUBHUM c1I0c000M 00poOKH, 6araTo 3akopaoHHUX (ipM (pe3epyroTh KomiH4YacTi Bamu. Ope-
3epyBaHHs MOXKE 3/[IHCHIOBATUCH IHCTPYMEHTOM 13 30BHIIIIHIM 1 BHYTPIIIHIM PO3TallyBaHHIM
IUTACTHH HA JIUCKY.
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ANALYSIS OF METHODS OF PROCESSING CRANKSHAFT
CONNECTING RODS ORIENTED TOOLS

Crankshafts are quite common parts made in the automotive, shipbuilding, machine-building and other industries. They
have a complex shape, also it is necessary to ensure high accuracy and productivity during processing. Analysis of crankshaft
machining methods is an urgent task.

Analysis of known processing methods, identification of their advantages and disadvantages will pay more attention to
unresolved issues and further improve of the processing process.

Known methods of processing connecting rod necks of crankshafts are considered. Nowadays grinding and milling are
most often used. Milling can be a tool in which the cutting inserts are on the outside of the disk and on the inside. Many
companies manufacture machines that are self-adjusting for processing, as well as flexible systems for processing various
crankshafts. Most often, machines are designed to process the crankshaft for one institution.

Lack of analysis of known methods of processing connecting rod necks of crankshaffts.

Analyze the known methods of processing connecting rod necks of crankshafts.

This article is a review. Methods of crankshaft processing are considered. Processing of connecting rod necks takes more
time, and is also more difficult in comparison with processing of radical necks as axes of these necks are not on a shaft axis.
Processing of a cranked shaft for one fastening is more productive than for several fastenings. Processing of connecting rod
necks of cranked shafts can take place with use of special devices or according to the program on CNC machines.

The analysis of the known methods of grinding and milling of crankshaft necks was carried out in the article.

Keywords: crankshaft processing, connecting rod necks,; grinding; milling.

Fig.: 23. References: 22.
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MPOEKT KOHCTPYKIIII INPU3MATHUYHOI'O BYHKEPA
TA ONIHKA EOEKTUBHOCTI IPUMHATUX PIIIIEHb

Heoonikom koncmpykyiti npuzmamuyHux 6yHKepie 018 CUny4ux npoOyKmis € ix 006aneHHs npu eKCnayamayii 6Haciioox
8I0pUBY BOPOHKU 8 Micyi i NPUEOHANHS 00 8ePMUKANLHOT uacmunu. /[ 3a6e3neyents HAdIUHOI pobomu npusMamuyHux OyH-
Kepig 3anponoHo8ano KOHCMPYKMUGHe PilleHHsl, 3a AKUM 6ePMUKANbHI pedpa JHCOPCMKOCMI NIOCKUX NAHeNell 60POHKU 3 €OHY-
JOMbCsL 13 3AMKHYMUM HO NEPUMempy OROPHUM pedpoMm i3 npo@ineHoi mpybu. Bukopucmanms 610unoi koncmpyxkyii OyHKkepis
nepemeopIoc npoyec CROPYOHCeHHs. HA MOHMANCHOMY MAUOAHYUKY i3 OYOieHUYMSEa Ha CKAAOAHHs i3 OIOKIG i3 NiOGUWYEHUM
cmyneHnem 3a800CbKoi 201MO8HOCHII, WO 0036801AE 3MEHUUMU 8APINICMb MOHMAXCHUX POOIM.

Knrwuogi cnosa: npusmamuunuti OyHKep, pO3PAXYHKOBA cxeMd; NPOEKMYBAHHA, HANPYICEHUL CTNAH, MemAaloOEMHICb,
O10UHA KOHCMPYKYISL, MOHMADLC.

Puc.: 9. Tabn.: 1. bion.: 11.

4

AKTyaJbHicTh TeMH AociaifzkeHHsA. CtanbHi OyHKEpH 3 IMJIOCKUMHU CTIHKaMH NpHU3HA-
YyeH1 JJ1 30epiraHHs 1 BUBAaHTA)XKEHHSI CUITYYUX MaTepiajiiB Ta BIAPI3HAIOTHCS PI3HOMAHITTIM
00’ €MHO-IIJIaHYBalbHUX T KOHCTPYKTUBHUX PillleHb. IX TIPOEKTYIOTH 3 ypaXyBaHHSAM HaBaH-
Ta)K€Hb B1J TUCKY CHUITy4OIO Marepiaiy, BIaCHOI MacHu KOHCTPYKIii, a TAKOX CHITOBOTO, BIT-
POBOTO Ta THMYACOBUX HAaBaHTAXXEHb Ha MEepeKpUTTS. Ha choroHi momyk Hailkpammx KoHC-
TPYKTUBHUX (OpPM Takux BHUpOOIB, OUIBII TOYHHUN OOJIK XapakTepy 1 3HAYEHb III0YNX
HaBaHTa)K€Hb, BUKOPUCTAHHS OUIBII TOYHUX METO/IIB PO3PAXYHKY J03BOJISIOTH KOHCTPYKTOPY
€KOHOMHTH METaJl, YCYBarOUH 3aJIUIIKOBHH 3amac MIiITHOCTI, 3SMEHIITYIOYH Macy MeTally B He-
HaBaHTa)XEHUX YaCTHHAX BUPOOY.

BonHovyac BUKOHaHHS MOHTa)XHUX POOIT 31 CIIOPYIKEHHSI OyHKepiB Ha Oy/liBeIbHUX Maii-
JTAHYUKAX YCKJIAJHIOE€ThCSI HEOOX1JHICTIO BUKOHAHHS BUCOTHUX POOIT, MOTOHUMH YMOBaMH,
HEJIOCTATHICTIO HEOOX1JHOTO 00IaHAHHS TOIIO. TaKuM YMHOM, 3a0€3MeUeHHS IKICHHUX 1 KiJIb-
KICHUX TTOKa3HHKIB MMPHU CIOPYIKEHHI OYHKEpPHUX €MHOCTEH, IO SKUX MOXKHA BIJTHECTH MiHi-
MaJIbHy METaJOEMHICTh KOHCTPYKIIii, iIBUIIIEHHS CTYTIEHS 3aBOJICHKOi TOTOBHOCTI, TPAHCIIO-
pTabENbHICTh €JIEMEHTIB KOHCTPYKIII, MiABUINECHHS IpaIe31aTHOCTI 3BapHOI KOHCTPYKIIi,
3HWKEHHSI TPYJOMICTKOCTI 11 BUTOTOBIIEHHS Ta MOHTAXY 1, SIK HACJIIJIOK, PO3MipH HEOOX1THUX
KaliTaJOBKJIAJeHb, LIIJIKOM BU3HAYAIOTHCS SKICTIO MPOEKTY SIK CaMOi KOHCTPYKIi, TaK 1 mpoe-
KTY TEXHOJIOT1YHOTO TPOLECy ii BUTOTOBICHHS.

IMocranoBka npobiemu. [lipamiganbHo-nipu3MaTHUHUN OyHKEep (pHC. 1) ckiamaeThes 3
BEPXHBOI MPU3MATUIHOT YACTUHU Ta HWKHBOI YaCTHHH, sIKa Ma€ popMy yciueHoi mipamiam [1].
BeprukanbHi CTIHKM OyHKepa yTBOPIOIOTHCS NEPEBAKHO OYHKEPHUMH HECYUMMHU OajKaMu Ta
MaroTh TOPU3OHTAJIBHI Ta BEPTUKAJIBbHI pedpa skopcTKOCTi. OOMIMBKA BOPOHKH YKPIILTIOETHCS
3BHYAIHO TUTbKU TOPU30HTATIBHUMU peOpaMH KOPCTKOCTI.

© Onexkcienko C. B., IOmenko C. M., Pyneako M. M., I'peuka B. M., 2021
33


mailto:sv.oleks@ukr.net
https://orcid.org/0000-0001-5475-4439
mailto:rasssveta@ukr.net
https://orcid.org/0000-0001-5475-4439
mailto:rudenko_bear@ukr.net
https://orcid.org/0000-0001-9542-7792

Ne 4(26), 2021 TEXHIYHI HAYKU TA TEXHOJIOT I
TECHNICAL SCIENCES AND TECHNOLOGIES

Puc. 1. ITipamioansro-npusmamuunuii OyHKep:
1 — sepmukanvna cminka Oynuxkepa (6ynkepra oanka); 2 — 6oponxa; 3 — pebpa sHcopcmrocmi
B0POHKU, 4 — 8epMUKANIbHI | 20PU3OHMANBHI pebpa dHcopcmKocmi OYHKepHOi 6anKu
Jhxepeno: [1].

[MuTanHsa MPOEKTYBAHHS 1 MIIXOIH 10 BUPILICHHS KOHCTPYKTUBHOTO 0(hOpMIIEHHS OyHKe-
PiB JleTajdbHO BUCBITIEHO B pOOOTaX YHCICHHHUX aBTOPiB, 30kpema [1-4]. Ane oueBUAHUM He-
JIOJIIKOM TaKUX KOHCTPYKIIH € 3’€qHaHHS OIYHHMX MaHEJeH IiJl IPSIMUM KyTOM, IO BHUKJIHKAE
HEPIBHOMIPHICTh HANpPyXeHO-1e()OPMOBAHOTO CTaHY 1, SIK HACIIJOK, BHHUKHCHHS aBapiiiHUX
CUTYyaIliil, TPUYUHM SKUX JETAIBHO TpoaHajizoBaHi B poOoTi [5]. Pasom 3 TuMm y mpakrtuin
IPOEKTYBAHHS BUKOPUCTOBY€ETHCS TPUHOM, KOJIM PO3MIpHI TapaMeTpy eIeMEHTIB KOHCTPYKIIIi,
HalpHKIIaJ], TOBIIMHA JUCTOBOT OOIIMBKH, MPUIMAETHCS, BUXOISYH 13 TOCBIY MPOEKTYBAHHS
[3], a pemiTa KOHCTPYKTUBHHX €JIEMEHTIB BUSIBISIOTHCS «IIPUB’I3aHUMI 0 HEi: KUIbKICTb MO-
sICiB opeOpeHHs, po3Mipu nmpodimis i T. iH. Lle, y CBOIO "epry, 3aiuIiae mo3a yBaror BUPIIIeHHs
MUTaHHS 3HWKEHHS METAJTO0EMHOCTI KOHCTPYKITI.

Pazom 3 1M 1py MPOEKTYBaHHI KOHCTPYKIIii OyHKEpiB 30BCIM 1032 YBaror TaKOX 3aJIH-
HIaI0ThCSI MTUTaHHS, K1 6€3M0CcepeIHbO OB’ 13aH1 3 pOOOTaMH 31 CIOPYPKEHHS Ha Oy/1iBeIbHUX
MailaH9IKaxX Ta 3 TPAHCIIOPTYBAHHSM 0 HUX CKJIaJJOBUX KOHCTPYKTHBHHUX €JIEMEHTIB BiJI 3a-
BOJTy-BUPOOHHKA.

AHaJi3 ocTaHHIX A0CJiKeHb i myoaikaniii. Pazom i3 3a3HaueHHMMU BUIlle poOOTaMH,
NPUCBSYEHUMH NUTAHHSIM MPOEKTYBAHHS KOHCTPYKIIM MpU3MaTHUHUX OyHKEpiB, KOHIIETILis
NPOEKTYBAHHS CTAJEBUX EMHICHUX KOHCTPYKLIN JUIsI CUIIKMX MaTepialliB yTOUHIOETbCS 1 Ha-
nami [6]. OgHak 10CBiJ eKCIUTyaTallii TaKuX CHOPYHA CYIPOBOKYETHCS HAsBHOIO CTATUCTH-
KOIO 1X BIJIMOB Ta aBapiid.

3 mpOro MOMIISY 0COOMHMBY yBary Ha cede 3BepratoTh podotu [I. banHikOBa, sKHii MPOBIB
y3arajJbHEeHHS IPUYNH aBapiiHUX cuTyamii [7-9]. 3 momsay iHKeHepHOI AisTBHOCTI iHTEpec
HacaMIepe]] CTAHOBJISTh TEXHIUHI IPUUKHY, 1110 NepeadadyaroTh HaJanl BTpyYaHHs Y KOHCTPY-
KTUBHY cXeMy OyHKepiB JUIsl MiIBUILIEHHS IXHbOT eKCILTyaTaliiHOi Ha{IHOCTI.

ABTOp 3a3Havae, 110 O/1HA 3 OCHOBHUX CeNM(IUHUX MPUYMH BIAMOBHU Ta aBapiil crane-
BUX €MHICHUX KOHCTPYKLIH JJIi CUIIKMX MaTrepialliB MOB’s3aHa 3 HENPaBUIbHUM BU3HAYEH-
HSIM HaBaHTa)KeHb Ha KOHCTpYKLito. [Ipu nboMy BiH po3miisjae MpHUKiIag oOBajIeHHs OyHKepa
eMHicTIO Onm3bko 150 M> 171 30epiraHHs IIEMEHTY, IO TPANUIOCs MiCis KiIbKOX JHIB ioro
eKCIUTyaTalii: Mpu 4YeproBoOMy 3aBaHTaXXCHHI CTAaBCS BIAPUB BOPOHKU B MiCIIi 11 IpUETHAHHS
IO BEPTUKAIBHOI YACTHHH.
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Jlpyroro OCHOBHOIO MTOMUJIKOIO BUTOTOBJICHHS CTAJIeBUX €MHICHUX KOHCTPYKLIN JUISI CHII-
KUX MarepiajiB, Ha MEPEeKOHAHHS YYEHOTO, € BIJICTYI BiJ MPOEKTY Ta BUKOHAHHS PsIy BY3JiB
abo0 eeMEHTIB KOHCTPYKIIii HE 3a MPOEKTOM.

Po3po0ku, sKi 103BOIWIN CYTTEBO MOKPALUIUTH KOHCTPYKTUBHO-TEXHOJIOTIYHI TTOKA3HUKU
OyHKEpHUX EMHICHUX KOHCTPYKIIiH, mpeacTapieHi B poooTi [10]. JocmifHUKOM IPOMTOHY€EThCS
BUKOPHCTaHHS 0araromapoBoi CKIaHOI KOHCTPYKIIi Ta rmepeadadyacTbesi BAKOPUCTAHHS CTa-
JeBUX TOPPOBAHUX JIMCTIB, 1110 HATPABJICHO HAa BUPIIICHHS MUTAHHSA 3HUKCHHS METaIO0EMHO-
cti. [Ipu npoBeneHHI JOCHIPKeHb aBTOPOM BUKOPUCTOBYBABCSI METOJI KOMIT IOTEPHOTO MOjie-
JIIOBaHHS HA OCHOBI OJHOTO 13 CYy4aCHMX YMCEIbHUX METO/IIB OyIiBEIbHOT MEXaHIKH — METOIY
CKIHYEHUX EJIeMEHTIB.

Kaptunu HanpyxeHo-1e(pOpMOBAaHOTO CTaHy €MHOCTI, L0 po3misaaiack y poboti [10],
npeacTaBieHi Ha puc. 2. TeMHIIUM IiJTHKaM BiIOBiIa€ BUIIHMHA PiBEHb HAPYKEHb.

a o
Puc. 2. Hanpyacenuii (a) ma degpopmosarnuii cman (6) 6ynkepnoi emnocmi [10]

VY 3a3HaveHiit poOOTi BKa3aHO, [0 METATOEMHICTh CIIOPYAU MOXe OyTH 3MEHIIIeHA 33 TEO-
PETHYHHMH TiipaxXyHKaMH Ha BEJIMYHMHY 110 1,5 pa3a.

BuaijieHHs1 He0CTiIKeHUX YACTHH 3arajbHoi npodiemMu. TakuM 4MHOM, HE3BAXKAIOUN
Ha BEJIMKY KUIbKICTh HAyKOBUX POOIT, MPUCBAYEHUX PO3POOIIl MPOEKTIB KOHCTPYKIIIH MpU3Ma-
TUYHUX OyHKEpiB, Ta HASBHICTh CTATUCTUYHUX JIaHUX MPO OCHOBHI NPUYMHH PyHHYBaHHS Ta-
KHX KOHCTPYKII, Ha CbOTOIHI JI0CI BIICYTHIA KOMIUIEKCHHM IMIIX1]] IO BUPIIIECHHS MATAHHSI
3a0e3neueHHs HaJiliHOT poOOTH KOHCTPYKIII 3a paxyHOK IOIIYKY KpalluX KOHCTPYKTHBHHUX
¢dbopM, TEXHOJIOTIH i1 BUTOTOBJICHHS Ta MOHTAXY.

MeTta po6oTH. Y 3B’3Ky 3 LIUM, METOIO I1i€] pOOOTH € po3poOKa KOHCTPYKIIT MpU3MaTHy-
HOro OyHKepa, sika JJO3BOJIsA€ 3a0€3MeUnTH eKCIUTyaTaliiny HaliiHICTh, BAPOOHHYY TEXHOJIO-
TYHICTH Ta MiHIMaJIbHI CYIyTHI BUTPATH, MOB’sA3aH1 31 CHOPY/PKEHHSIM KOHCTPYKIIii Ha Oy/IiBe-
JIbHOMY MaliJIaHYUKY.

Bukiiag ocHoBHoro marepiaay. PoOora BHKOHyBajlach y MeXax CIIBIOpami 3
TOB “KPOK-YKP3AJI3BY/]” npu peanizaiii NpOEKTY PEKOHCTPYKLII 3€pHOCYIINIBHOIO
komruiekcy B cMT Mamna JliButis [punytibkoro paiiony UepHIriBcbkoi 001acTi.

Tuck curmy4oro Marepiany 3aJeKUTh BiJ] BUCOTH HOTO CTOBIIA Y CXOBUIII, (h13MKO-MEXaHi-
YHMX BJIACTUBOCTEH Ta KyTa HaXWUJIy J0 TOPU3OHTY IJIOLIMHY, 110 po3MsaaeThes. BepTukans-
HUH ¢" 1 TOPU3OHTAJIBHUM p” HOPMATUBHUI THUCK CHUIy4Oro Marepiany B OyHKepax BU3Haya-
€Tbes 3a popmynami [1]:

q' =yy; (1)
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H
P =kyy, (2)
Ie Y — BiJICTaHb BiJI MOBEPXHI CHUITy4Oro MaTepiairy 10 mepepizy, Mo pO3TIISIa€ThC;
k — BiIHOIICHHS TOPU30HTAIBHOTO THCKY 10 BepTHKaIbHOTO, K =19° (45" —¢/2);

y — IATOMA Bara Marepiainy, 1us 3epHa y = 800 xa/m’ [1];

¢ — KyT IPUPOAHOTrO YKocy, ¢ = 25° [1].

OcCHOBHUI HOpPMAaTUBHUH TUCK CHUITYYOT0 MaTepiaiy, IKUH Ji€ NePIECHANKYIISIPHO MOXMITII
IIOBEPXHI BOPOHKHU p. (puUC. 3), BU3HAYAETHCS 32 (OPMYJIOLO:

a H
pH _qu ! (3)
ne m,=cos’a+ksin’a.

Po3paxyHKoB1 HaBaHTaKEHHSI BiJl TUCKY CHUITyUUX MaTepiaiiB BUZHAYAIOTHCS MHOKEHHSIM
HOPMATHUBHUX THCKIB Ha KOe(iLI€HT HaJIHHOCTI 3a HABAaHTAKEHHAM J,, SKUI JUi1 OyHKepiB

piBawmit 1,2 [5].

:I JUL f{?b EVLII
< N, _[FFTRTTTT] %
'_--I b _r-+
- | e
= > -
— : a ‘?{;-'n:
- E &
= b /4 >
-~ - —
o N, |rvvvvvvvvvyveveer| W,
= Na_ " TV,

Puc. 3. Pospaxynrxoea cxema 6oponku 3 pebpamu #opcmrKocmi
Jhxepeno: [1].

ByHkep, 1110 MPOEKTYETHCS, MAa€ BUCOTY Mpu3MaTu4yHOi yactuHu 3400 ymm, po3MipH B IUIaHi,
BPaxOBYIOUH MPUIYCKH Ha BUTOTOBJICHHS Ta 3a30pH IMPU MOHTaXK1 HA MOB3/IOBXKHI Ta TMorepe-
YyH1 0aJKH OMOPHOI paMH (3 METOIO 3HMKEHHSI METAJIOEMHOCTI OyHKepa [5]), MI>KOChOBa BiJIC-
TaHb MK SKUMHU Ma€ po3Mipu 2500%4300 sm, o BHYTpimiHEOMY 00Mipy 2185%3985 mm, BU-
coty BopoHkH 1600 mm, Bumyckauii otBip 600600 mm (puc. 4).

3985

H=1600 MI\/

3400

a=63,65; f=43,39°

3667

1600

47334200

Puc. 4. Po3mipni napamempu 6ynxepa
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[Tnocki cTiHkK OyHKEPIB PO3PAaXOBYIOTHCS SIK OJHOIPOIITHI MIIACTUHKHU, PO3PAaXyHKOBI Ha-

BAaHTAKCHHS y SKUX BU3HAYAIOTh, BUXOJSMYH 13 TPUIYIICHHS 1X MApHIPHOTO 3aKpIIUICHHS Ha
HEPYXOMHX omopax (pedpax), mij €0 piBHOMIPHO PO3MOIIIEHOT0 HaBaHTaXeHHs (puc. 5).

| =

3
:.I-". & jﬂ

Puc. 5. Po3paxynkosa cxema Haganmaoicenb Ha CMIHKU OYHKepa
Ixepeno: [1].

J1st CKOpOUeHHS MiAPAaXyHKIB 3yCHIUIS BU3HAYUMO TUTBKH JUIl HYJKHBOT (TPeThOi) MaHeni:

q"=12-800-4,733=4543,68 xec/m?,

k =tg?(45° —25°/2) = 0,406 ;

m¢ = cos’ 63,65° +0,406-sin” 63,65° = 0,523;

m/ = cos’® 43,39° + 0,406 -sin” 43,39° = 0,720 .

OCHOBHI HOPMaTHBHI TUCKH CHITy4OTO MaTepiaiy, sKi IIF0Th MEePIEeHANKYISIPHO TOXUIIIH TO-
BEpXHi BOPOHKH IIUPOKOT CTOPOHU p° Ta HOXMIIiii MOBEPXHi BOPOHKH By3bKOi CTOPOHH p

pY =mgq" =0,523-4543,68 = 2376,34 rec/m?;

p’ =mlq" =0,720-4543,68 = 3271,45 rec/m’.

Ha minii 3’eqHaHHS MPU3MaTHYHOT YaCTUHU 3 BOPOHKOIO:

p"=12-0,406-800-3,4 =1325,18 rec/m’.

OTtpumaHi 3Ha4eHHS] HABaHTA)KEHb BUKOPUCTAIIU JJIs1 MOJIEJIIOBAaHHS HAIIPYXKEHOTO CTaHy B
KOHCTPYKIIiSIX OyHKEpIiB 3a JOIMOMOTOt0 nporpaMHux mponykriB ANSYS ta Autodesk Inventor.
Bpanacs 1o yBaru Takox 1 BlacHa Bara KOHCTpYKIii. [IpoekTyBaHHs 3/111ICHIOBAIOCH BIIIOBIIHO
1o Bumor JIBH B.2.6-198:2014 “Cranesi korctpykuii. Hopmu npoexrysanus™ [11].

Tak, HUISIXOM MOJENIOBaHHS HANPYKEHOT'O CTaHy B KOHCTPYKIiIX OYHKEpHUX €MHOCTEH
BUSIBUJIM MICISl KOHIIGHTpAIIil Hampy>KeHb, BCTAHOBUJIM 3HAUEHHS BEIUYMH Je()OpMyBaHHS
€JIEMEHTIB KOHCTPYKIIiH, BU3HAYUIN ONTHUMAaJIbHI BapiaHTH KOHCTPYKTHUBHOTO O(OpMIIEHHS,
30KpeMa, po3MipHi apaMeTpH Ta CXeMYy PO3TallyBaHHs BEPTUKAJIBHUX 1 MONEPEYHUX pedep
YKOPCTKOCTI.

Jlnist mpuKIIady, 3a OMHUM 13 PO3IITHYTHX BapiaHTiB KOHCTPYKILIi OyHKepa 3 po3TamryBaH-
HSM MaHesel y mpu3MaTu4Hiid yacTuHi mia kytoM 90° ofHa 0 0JHOI Mae Miclie 3Ha4He mepe-
BULICHHS HaNpyXeHb Yy By3iax (puc. 6). [Ipu oMy 3abe3neuyerbcst HOpMajibHa poOoTa II0-
CKUX MaHeJeH, SKi CKIaJatoThCs 3 JINCTOBOT OOIIMBKH Ta MPUBAPEHHX /10 HET BEPTUKAIBHUX Ta
TOPU30HTAIFHUX pedep KOPCTKOCTI.
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01421007 8
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Puc. 6. Mooeniosanns nanpyosicenozo cmany 6 koncmpykyii oyuxepa 6ioxodie (ANSYS)
Jxeperno: po3po0IIeHO aBTOpaMHu.

[Ipu nocnimpkeHH] BapiaHTIB KOHCTPYKTHBHOTO O(OpMIICHHS! OyHKEpHHX €MHOCTEH ocTa-
TOYHO NMPUIHSUIM BapilaHT KOHCTPYKIIi, 300paskeHui Ha puc. 7. 3a NPUIHATUM BapiaHTOM Yy
NpU3MaTUYHIN 4acTHHI BCl IUIOCKI MaHesl 3 KapKkacoM OpeOpeHHsI, BAKOHAHOTO 13 MpOopiIbHOT

TPyOH, 3’ €IHYIOThCS B KyTax 31 CKpyIIeHHsM pajiycoM 500 MM. AHaANOriuHO BUKOHYETHCS
3’€JHaHHSI [TaHEJIC BOPOHKH.

T x

-

18.41.2021, 152453
12,32 Mac.

I
N,‘
|

Puc. 7. Komnonyeanns xoncmpykyii OyHKepa RputiHamozo eapianma ma HanpysceHull Cmam
JIxepio: po3po0iIeHO aBTOpaMH.

VY po3po0bieHiit KOHCTPYKINii, BUKOHAHIH 31 ctam C245, TOBIIMHA TUCTOBOT OOIIMBKH BO-
pOHKM 4 MM, BepTHUKaJbHI pebpa >KOpcTKocTi 3 Tpyoum mnpsMokyTHOi 100x60x4 mwm,
100x50x5 MM, TOpH30HTaNIBHI pedpa KOPCTKOCTI 3 TpyOH kBagpatHoi 100x5 MM, onopHe pe-
6po 3 TpyOu kBaapatHoi 100x8 MM.

Hwxniit G10K MpU3MaTHYHOI YaCTUHHM Ma€ TOBIUMHY JIMCTOBOI OOIIMBKH HEPUIOTO SPyCy
4 MM, npyroro — 3 MM. BeprukansHi peOpa sk0pcTKOCTi 3 TpyOoH mpsiMokyTHOT 100x50x5 mm,
80x40x3 MM, ropu30oHTaIBHI pedpa — 3 Tpyou kBagpaTHoi 100x5 MM Ta 80x3 MM.

BepxHiit 6510k BepTUKAIBHOT YaCTUHH Ma€ TOBIIMHY JIMCTOBOI oOmmMBKH 3 MM. BepTuka-
JBHI pedpa KOpCTKOCTI 3 Tpyou mpsMokyTHOI 80x40x3 MM, Topu3oHTaIBHI pedpa — 3 TpyOu
KBaapaTHoi 80x3 MM.

TakuM 4MHOM, BUKOPUCTAHHS Pi3HOPO3MIPHOI TPyOuU AJsl Kapkaca >KOPCTKOCTI Ta JIHMCTa
Pi3HOT TOBLIMHHU J03BOJIMIIO 3HU3UTH METAIOEMHICTh KOHCTPYKIII.
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Sk 3a3HAYAIOCH BUIIE, PETEIHLHOI yBard BUMAarae ONpalfoBaHHsS KOHCTPYKIIT By3Ja CIipsi-
YKCHHSI IPU3MATUYHOI YaCTUHH Ta BOPOHKH, 11100 3aro0IirTH BiPUBY OCTAHHBOT ITi]] BarOO CH-
My4oro MaTepiaimy.

JI71st 3an00iraHHs TAKOTO SIBUINA B 3aIIPOIIOHOBAHIN KOHCTPYKIIii BOPOHKH BUKOPHCTOBYETHCS
KOHCTPYKTHBHE PIIlICHHS, 32 IKUM BEPTHKAJIbHI peOpa )KOPCTKOCTI INIOCKHUX TTAHEIICH 3’ €THYIOThCS
13 3aMKHYTHM TIO TIEPUMETPY OMOPHUM pedpoM 3 TipoditbHOT TpyOH (puc. 8).

Puc. 8. Koncmpykyia 6oponku
Jxepeno: po3po0iIeHo aBTOpaMHu.

Jlo peGpa, y CBOO uepry, IpuBapeHi OIMOPHI JIalH, 32 paXyHOK SIKUX Ha IIepIIONOYaTKOBOMY
eTari CIopy/KeHHsI OyHKepa 3/11HCHIOETbCS MOHTa)X BOPOHKM Ha IMOB3/IOBXKHI Ta MONEpPEyHi
0asKu OMOPHOI paMHu.

[Mpu3maTruHuil OyHKEp, CIPOEKTOBAHUH BiJIMOBIIHO 0 PEKOMEHAIA TPAAUIIIHHOTO ITi/I-
xomy [3] Mae 06’em 35 m> Ta mMacy 4,25 T, O B CYKYIHOCTI Ha KOMIUTEKC OJI0Ka BifBAHTAKEHHS
3epHOCYIITMIBHOTO KOMIUIEKCY CTaHOBUTH 12,75 T. SIkio BpaxyBatu Macy JABOTaBPOBHX OAJIOK
(mBotaBp Ne24y 3arayibHOIO Macoro 876,96 Kr) OMmOpHOI pamMH Ta Bary KOKHOTO OyHKepa 3a
npuitHATUM BapianToM (3,433 T), To orpumaemo macy 11,176 1, mo Ha 12 % meHue. 3aranbHui
BUIIIA/ OJIOKY BiJIBAHTAXKEHHS Ta cXeMa HOro MOHTaXy 300pakeHi Ha puc. 9.

a o
Puc. 9. Cxema monmaoicy (a) ma 3aeanvhuti 6ueisio cnopyodiceno2o o1oxa giosanmagicenis (6)
Jlxepeso: po3po0IIeHO aBTopaMu.

e oxHiero cienn)ivHOIO OCOOIUBICTIO PO3POOKH € BUKOPUCTAHHS OJIOYHOT KOHCTPYKIIIT
OyHkepiB. Takuii MiaXia MEPETBOPIOE TPOIEC CHOPYIKEHHS HAa MOHTQXHOMY MalIaHINKY 3
OyIIBHUIITBA Y CKJIQJIaHHS 3 OJIOKIB 13 ITiIBUIIEHUM CTYIICHEM 3aBOJICHKOi TOTOBHOCTI.
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Po3risiHyTHI BUIIE BapiaHT CTOCYE€ThCS OYHKEpIB, SKI MAalOTh PO3MIpH, IO JO3BOJSIOTH
3MICHUTH TXHE MEPEBE3CHHS HAa aBTOMOOIBHOMY TPaHCIIOPTi 0e3 Oy/ib-IKUX 0OMEKEHb.

VY BUMNajKy, SKIIO pO3MipH OKpeMHX OJIOKIB OyayTh OUTHIIMMHM 3a rabapuTHI OOMEXESHHS
TPAHCIOPTHUX 3aC00iB, HA MOHTaKHOMY MalJJaHUMKY ITiCJIS 3arajlbHOTO KOHTPOJIBHOTO CKJIa-
JIAHHS Ha 3aBOJIi-BUPOOHUKY YKPYITHIOBAJIbHE CKIIQIAHHS SIK MPU3MAaTUIHOT YaCTHHH, TaK 1 BO-
POHKU MOXe OyTH BUKOHAHE 3 OKpEMUX IUIOCKUX NaHesIel, po3MipH SKUX BU3ZHAYAIOTHCS 13 Mi-
pPKyBaHb rabapuTHUX 0OMEKEHb TPAHCIIOPTHHUX 3aC001B.

BuzHaueHHS OCHOBHUX ITOKa3HHKIB, SIKI BUKOPHCTOBYIOTHCS TPHU TMMOPIBHSUIBHIA OIHIT
e(hEeKTUBHOCTI 1H)KCHEPHUX PIlICHb, METOAAMHU TEXHIKO-€KOHOMIYHOTO aHaJIi3y JOCUTh yCKJa-
nHeHe [12]. 3Buyaiino, mo3a yBaroro He MOBUHEH 3aJUIIATHCh ACIEKT PO3MipiB KalliTaloBKIa-
JIeHb HE TIJIbKY Ha peaizallifo BApOOHHUIITBA, alie i Ha MOHTaK KOHCTPYKIII.

KpiMm Toro, ictToTHUM (pakTOpOM, SIKHii BIUIUBA€E HA KIHIIEBY BapTiCTh METATIOKOHCTPYKIIIN
Oy/iBeIIb 1 CIIOPY/I, € TEPUTOpialIbHA BiIIAJICHICTh 00’ €KTA BiJ] 3aBOIY-BUpOOHKMKA. BuTparu Ha
JOCTaBKY METaJOKOHCTPYKIIif B yMOBax 3aBHUIICHUX I[iH HA MIEPEBE3CHHS aBTOMOOITFHIM 1 3a-
JTI3HAYHUM TPAHCIIOPTOM HEPIIKO CIPUYMHSIOTH CYTTEBI 30UTKH. [|0aTKOBO BUHUKAIOThH BU-
TpaTH Ha JIOCTaBKy HEOOX1THOTO YCTaTKyBaHHsI, IHCTPYMEHTIB, MaTepialliB, a TAKOXX POOITHHU-
KiB, IIIO BI/Ip06J'I$IIOTI> poOOTH BaXTOBUM METOJIOM Ha Bi)II[aJ'IeHOMy 00’€exTl.

KinbkicHe OLIHIOBaHHS SIKOCTI IPOEKTY MU TPOTOHY€EMO 3MIACHUTH 32 BUTpaTaMH pecyp-
CiB Ha MOHTaXX, OCKUIbKM OYEBHJHO, 1110 IPU MEHIIIH Maci KOHCTPYKIii BOHA Ma€ 1 MEHIIY
BapTICTh, aJie 3a MPUIUHATUM BapiaHTOM KOHCTPYKI[ii BUHUKAIOTh TOJJATKOBI BUTPATH HA cropy-
JOKEHHSI OIOPHOI pamMu 3 6aJIOK IBOTaBPOBOIO nepep13y [opiBHsIBbHUI PO3paxyHOK BapTOCTI
MOHTa)y MPOBE/ICHO y HPOrPaAMHOMY xomiuiekci «byniBenbHi TexHounorii: Komropuc 8». Pe-
3yJBTaTH PO3PaXyHKy HaBe/IE€HI B TaOJHIII.

Ta0nums
Topiensanns eapmocmi moumasicy OynKepa 3a mpaouyiiHum ma 3anponoHo8aHUM nioxXo0om
3arajibHa BapTiCTh, IPH Bmpam mpatti poobi-
w > THUKIB, HE 3alHHITHX
T = = = EKCILTY-
= E 00CITyTOByBaHHSIM
= = =) 8 aTarii
2 & o 2 5 ° B MAIIHH, JIIOI/TOx
No 2 E HaiimenyBaHHs =) e o MallliH 5
sim | £ & PpOOGIT i BUTpAT E = 2 2 THX, IO 00CIyToBy-
e T g 5 A= y TOMY FOTh MAaIllIUHA
SE =t Lé qycIi 3a-
o 3 pOGITHOI | Ha OMHMIIO | BCHOTO
IIaTH

Ipu3mMaTuyHnii GyHKep, CIPOEKTOBAHMI BiINOBIAHO 10 peKOMeHalliil TpaJuIiliHOr0 miXoqy
1 | E9-4-4 |MonTtax OyHkepiBicmio- | T | 12,75 | 154535 | 42316 98952 48,4800 |618,12

CIB CTaIliOHAPHUX 44143 42,0813 536,54
Pa3om npsimux BUTpaT 154535 | 42316 98952 618,12
HA MOHTAK 44143 536,54

Po3po0/1eHa KOHCTPYKIisi IPU3MATHYHOTO OyHKepa
1 | E9-18-1 | Monrasx 06anok Ha Bigmi- T | 0,877 3499 1239 1880 22,8800 20,07

TIi 10 25 M Macoro 10 1 T 755 10,7232 9,40
2 | E9-4-4 |Montax OynkepiB i cwio- | T | 10,299 | 124828 | 34182 | 79930 48,4800 | 499,30
CIB CTaIliOHAPHUX 35657 42,0813 | 433,40
Pa3zom npsiMmux BuTpar 128327 | 35421 81810 519,37
HA MOHTAaK 36412 442,80

Sk BUIHO 3 MpeCcTaBICHUX y TaONHIIl PEe3yJIbTaTiB, 3arajbHa BapTICTh MOHTaXyY OJIOKa BiJI-
BaHTA)XEHHS 13 TPbOX NMPU3MATUYHUX OYHKEPIB 3a MPUUHATUM BapiaHTOM KOHCTpPYKIIi Ha 26208
I'pH MeHIe. Pa3oM 3 TUM 3MEHIIYIOThCS 1 BUTPATH Mpalli, 110 CKOPOUYYE TPUBATICTH POOIT.

BucHoBkH. AHaNi3 iCHYIOUHX JOCTIKEHb Y chepi CIOpYIKEeHHS TPU3MAaTHIHAX OyHKe-
piB Ta OCHOBHHUX 3a/1a4 NPH iX MPOEKTYBaHHI, BATOTOBJICHHI Ta MOHTAXYy JI03BOJIUB BUIIIUTH
HaNpsIMH TTOKPAIICHHS eKCIUTyaTalliiHUX XapaKTePUCTUK TaKUX KOHCTPYKIIH Ta BIOCKOHA-
JICHHS iX 3 TIOMISITY TEXHOJIOTTYHOCTI BUPOOHUIITBA.
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Jlns1 3a0e3nedeHHs eKCIuTyaTaliifHol HaJiitHOCTI OyHKEpHUX €MHOCTEN pO3pOOIICHO PillICHHS,
1110 nepetoayae BUKOPUCTAHHS B KOHCTPYKIIi BODOHOK OYHKEPiB BEPTHKAIBHHUX pedep JKOPCTKOCTI,
sIKi 3a0€3MeuyI0Th CIIbHY pOOOTY il TMCTOBOI YACTUHH 3 KAPKACOM KOPCTKOCTI.

BukopucranHs 6104HOTO IPUHIHUITY CHOPY/DKEHHS OyHKEPHUX €MHOCTEH 03BOJISIE TTiABH-
IIUTH CTYIIHb 3aBOJICHKOT TOTOBHOCTI BIJIMPABOYHUX €JIEMEHTIB 1 3MEHIITUTH BUTPATH TIpalll Ha
MOHTQ)XHUX MaiilaHYMKaXx.
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PROJECT OF PRISMATIC BUNKER STRUCTURE AND ESTIMATION
OF ACCEPTED SOLUTIONS EFFICIENCY

The ensuring of the minimum metal consumption of the structure, the reducing the labour-intensiveness of its manufacture
and assembly in the construction of steel prismatic bunkers, designed for storage and unloading of free-flowing materials, are
entirely determined by the quality of the design structure.

The disadvantage of bunker designs is the connection of the side panels at right angles, which causes the unevenness of
the stress-strain state and, as a consequence, the occurrence of emergencies.

Some studies suggest that one of the main specific causes of bunker breakdowns and damages is related to incorrect
determination of structural loads. A number of authors propose the use of multilayer complex design with the utilization of
corrugated steel sheets, which directed to address the issue of reducing metal consumption.

Today there is still no complex approach to solving the problem of ensuring the reliable operation of the structure owing
to searching the best structural forms, technologies for its manufacture and assembly.

In this connection, the purpose of this work is to develop the design of the prismatic bunker, which allows to ensure
operational reliability, production manufacturability and minimal attended costs associated with the construction of the struc-
ture on the building site.

By means of modeling the stress state in the structures of bunker tanks, the optimal constructive design options were
determined, particularly, dimensional parameters and layout of vertical and stiffening plates.

To ensure the operational reliability of bunker tanks, a solution has been developed that provides for the use of stiffening
plates in the design of bunker funnel, which ensure the combined work of its sheet part with the stiffening frame. Use of the
block principle of construction of bunker tanks allows to increase a degree of factorial readiness of dispatch elements and to
reduce labour-intensiveness on assembly sites.

Keywords: prismatic bunker; calculated scheme; projecting, stress state; metal consumption; block structure; assembly.

Fig.: 9. Table: 1. References:12.

Onexkcienxo C., IOmenko C., Pynenko M., I'peuxa B. IIpoekT KOHCTpPYKIii Mpu3MaTHIHOro OyHKepa Ta OLiHKa e(eKTHBHOCTI IPHHHATUX
pimtens. Texuiuni nayku ma mexnonozii. 2021. Ne 4(26). C. 33-42.
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3AJIEXKHICTh CTATHYHOI MIITHOCTI KPYITHUX KPAUCTAJIIB
CUHTETHUYHOI' O AJIMA3Y THUILY Ib OKTAEAPUYHOI'O I'ABITYCY, HHICJIA
XIMIKO-TEPMIYHOI OBPOBKH, BIJI IXHHOI'O PO3MIPY

Y emammi npudineno ysazy npobnemi UKOpUCMAanta KpyRHUX MOHOKpPUCIANIE cunmemuunozo aimasy muny Ib é 6ypo-
somy incmpymenmi. [IpodemoHcmposaro, wo 6 pe3ynomami XiMiko-mepmiuHoi 06poOKU HA NOBEPXHI WY UHUX MOHOKPUCTNATIG
dopmyromsca mikpoxpucmanu y ¢popmi okmaedpie ma xyoie. Ha 6iominy 6i0 xnacuunozo nioxooy, koau Ons eUpoOHUYmed
06Yp06020 001A0HANHS euKOpuUcmosytombcs Kpucmanu 11b, namu npedcmaeneni kpucmanu Ib ockinvku éonu HatiOnudxicye 00
NpUPoOHO20 armasy 3a Qizuxo-mexaniynumu eracmusocmsamu. byno nokazano, wo kpucmanu posmipom 2000...2100 mxm ma-
1omb OiNbUL BUCOKe 3HAYEHHS CMamuyHoil MiyHocmi, Hige kpucmanu posmipom 2200 mxm i 6invue.

Knrouosi cnosa: monoxpucman; cunmemuunuii aamas muny Ib; okmaedpuunuii eabimyc; cmamuuna MiyHicmy, aimas-
HULl iHCMpyMeHm.

Puc.: 4. Tab6n.: 1. Bi6n.: 10.

AKTyaJbHiCTh TeMH A0CHizKeHHs. [lepcrieKTHBHUM HapsSMOM ITiIBUIIICHHS €KCILTya-
TalIHHUX XapaKTepUCTHK OypOBUX KOPOHOK € BUKOPUCTAHHS KPYITHUX MOHOKPHUCTAJIB CHUH-
TETUYHUX aliMa3iB MiJBUIIEHOT MilTHOCTI. OTHUM i3 METOAIB BUPOIIYBAaHHS TAKUX KPUCTAIIIB
€ HP-HT texHosoris, mo 3a octanHi Aekiibka aecatupid B IHM im. B. M. Bakyns ciarayna
3HagHOTO TIporpecy [1]. Po3aMipom 3epHa, mopsij1 3 IXHBOIO MIIHICTIO, BU3HAYAETHCS BETMYUHA
BHCTYITy aiMa3y 3 Marpuiii. L{e 3a0e3nedye Taki XxapaKTepUCTUKN pOOOYOTO IHCTPYMEHTY (KO-
POHKH), SIK KUTBKICTh pOOOYHX Pi3IliB, piBEHb 3arTHOICHHS Ta 3a30p MK MaTPHUIICIO Ta MOPO-
J1010. 301IBIIEHHS PO3MipYy KPUCTAIIB MTPH OJTHAKOBOMY PiBHI HACHYECHHS JTIO3BOJISE: OMTHUMI-
3yBaTH KOHCTPYKIIif0 OypoBOi KOpPOHKH, 3HU3HTH €EHEpProeMmHicth OypinHs [2]. Taka
ONTHMI3allisl 3amo0irae MOBHOMY PyHHYBaHHIO OKPEMHX KPHCTAIIIB 32 paXyHOK 301TbIICHHS
TUTOMIAAKY KOHTAKTY 1 BIIMIOBITHOTO 3MEHIIIEHHS 3yCUIUIS B3aEMOJIiT 3 00pOOIIOBAHOIO TOPO-
noto [2]. [Ipote OinbIn KpyIHI aliMa3d MOXKYTh MaTH OibITY KiJIbKICTh A€(EKTiB, 110 BiIMO-
BiJTHO 3MEHIIIy€ TXHIO MII[HICTh, TOMY MiA0Ip BiAMOBITHUX MOHOKPHCTAJIIB € UM HE OCHOBH OO
HEPELIKOAOI0 MPH X BUKOpUCTaHHI [3; 4]. OHaK BUKOpPUCTAaHHSA Oy[b-sIKHX MOHOKPHUCTAJIB

© Hucap M. O., 3akopa A. I1., babak A. M., IBaxuenko C. O., 3aneBcrkuit O. O., ipaumpka I'. J1.,
3akopa €. O., 2021
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anMasy B OypoBOMY IHCTPYMEHTI OB’ s3aHa 3 IEBHUMHU HEOOX1IHUMHU yMOBaMHU. Y MPOMHUC-
JIOBHX YMOBaX METOAOM CIIOHTAHHOTO CHHTE3Y BAAJIOCh BUPOCTUTH KPYITHI MOHOKPHCTAIH
OKTeApUYHOTro radiTycy tumy Ib 3 MiHIManbHOIO KUTBKICTIO BKIIIOYEHb METATY-pPO3YMHHUKY
Ta poctoBux AedekriB. [Ipore Taki kpucTanu NOBUHHI OyTH HE JIMIIE Bi3yaJbHO JIOCKOHAII,
BOHM [TIOBUHHI BUTPUMYBATH €KCIUTyaTalliiiHe HABAHTAKCHHsI Ta TEXHOJIOT1YH1 PEKUMHU BUTO-
TOBJICHHSI KOPOHOK. J[OCTIIPKEHHIO BITUBY OJHOTO 3 TAKUX TEXHOJIOTIYHUX €TaIliB, a caMe
XiMiKO-TepMIYHil 00poO1i 1 MPUCBsUEHA HAyKOBa pOOOTA.

IMocTranoBka npo6/ieMu. BUKOpUCTaHHS B TEXHOJIOTTYHOMY MPOIIECI BUTOTOBIIEHHS Oypo-
BUX KOPOHOK € XIMIKO-TepMiuHa 00poOKa KpUCTaIB, 1110 T03BOJISIE OUMCTUTH IXHI MMOBEPXHI Bix
3aJIUILKIB METaTy-pO3UMHHHKA, OTPUMATH OUIbII PO3BUHEHY IMOBEPXHIO, 110 MOKPAIILy€ B3a€MO-
JIIO 31 3B’ SI3KOK0, YACTKOBO CTPABUTH J1€(DEeKTHUI MOBEPXOBUIA 111ap, 110 CIIPUSE 3MIITHEHHIO KpH-
ctaity. [IpoTe BIUIMB L1€T TEXHOJIOTTYHOI omepalili Ha (pi3MKO-MeXaHI4H1 BIACTUBOCTI MOHOKPHC-
TaJliB aiMa3y (PaKTUUHO € MAJIOAOCIIIPKEHUM, OCOOIMBO ISl KPUCTAJIIB HOBOTO TTOKOJIIHHS.

AHaJIi3 ocTaHHIX JocaifKeHb i myOmaikamiii. [Ipu Bubopi iHcTpymMeHTy Asist OypiHHS pi3HO-
MaHITHUX TIPCBKUX TOPiJ 13 PI3HUM 3HAYEHHS XapaKTEPUCTUK TPIIIMHOCTIMKOCTI CiiJl 3ayBa-
YKHUTH, 1110 YUM OUIBLI KPUXKOIO Ta TBEPAOIO € MOpOJia, TUM BUIIOI SIKOCTI TOBUHHI OyTH anMasi,
1110 BUKOPHCTOBYIOThCA. [IMTaHHIO BUOOPY KOHCTPYKTUBHHUX XapaKTEPHCTHUK 3aJICKHO BiJl BlIac-
TUBOCTEH TPCHKUX MOPIJI MPUCBSIUEHO BEJIUKY KUIbKICTh HAYKOBHX Mpaip [ 1-6].

3abe3nedyeHHs BUCOKOTO PiBHS €(EKTMBHOCTI aJIMa3HOTo OypiHHSA MOXKE JIaTH JIMILE BIIPOBA-
JHKEHHST HOBITHIX aJiMa3030epiratounx TexHouorii. OHak Taki TEXHOJIOTIl MOXKYTh OyTH peatizo-
BaHi JIMIIE 32 paXyHOK BUKOPUCTaHHS BiAMOBIAHOTO TUITY Ta PO3MIPY MOHOKPHUCTAIIB aJIMa3iB, 1110
MaroTh JIOCTaTHIN piBEHb (PI3UKO-MEXaHIYHUX BIaCTUBOCTEH, a cCaMe MIITHOCTI Ta TBEPAOCTI.

Bbararopa3oBe 3017IbII€HHS IPaLE3]aTHOCTI KOPOHOK NPH BUKOPUCTAHHI alIMa3iB Mi/IBUIIIE-
HOi MILHOCTI BiZMivanoch He jauiue npu OypinHi TBepaux nopin XI...XII kareropii, ane i
OUTBII M’ SIKMX MOPiJ X KaTeropii, e 103BoJIs€ 30UIBIINTH NTIMOUHY OJJTHOTO ITPOXOAY 1 AOCATTH
MBUAKOCTI BUpoOiTKH 10 100 Mxm/00 [2].

Buninennsi Hefoc/iKeHUX YaCTHH 3arajibHoOI mpodjeMu. TakuM YHHOM, € HEOOXia-
HICTh AOCTIAUTH BIUIUB XIMIKO-T€pPMIUYHOI OOPOOKHM Ha MIIHICTh, SIK OCHOBHHM IMOKa3HUK Ipa-
I1€3/1aTHOCTI TAKMX KPUCTATIB y OypOBOMY 1HCTPYMEHTI.

MeTo10 CTaTTi € JOCIIDKEHHS CTAaTUYHOI MIITHOCTI Ta OTPUMAaHHS 3aJIEKHOCTI IHOTO TO0-
Ka3HUKY BiJl pO3MipiB KPUCTAY MiCIIsl XIMIKO-TEpPMi4HOT 0OpOOKH.

Bukiaaag ocHoBHOro marepiajy. MOHOKpUCTaJIM CHHTETHYHOTO ajmasy Tuiy Ib Oymu
OTpHMMaHi B anapaTi BUCOKOTO THCKY THITy «TOPOi[» LUIIXOM CIIOHTaHHOI pO3UYMH-pPO3IIaBHOI
KpucTamizanii. JlociigHy napTito MOHOKPHUCTAIIB OyJI0 OTPUMAHO B JIeKiJIbKa 3aBaHTaKeHb. [1i-
CJIsl BUTpaBJIeHHs 3 MaTpuili (puc. 1) ix Oyio MmoaisieHo Ha TPYNH BiMOBITHO 10 PO3MIipiB, ¢do-
PMH Ta HasBHOCTI METaJIeBUX BKJIIOYECHb. [lepBUHHMIA BizyanbHUI OIS [7; 8] MOHOKpHCTAIIB
anmaszy tuny Ib, mo maroTe Maii po3Mmipu, OyB 3pOOJICHHIA 13 BUKOPUCTAHHSAM O10J0TIYHOTO
mikpockory ipmu Skydust monens XSP-1406 i3 makcumanbsaum 30inbmeHasM 1200 ocHarre-
HUl 1ndpoBoro mpucTaBkor SMII.

BuroroBnena maprisi KpucTaniB cTaHoBwia 166 mTyk. BidyanbHuil oy mokasas, IIO
KpHCTaJIN MatoTh (GopMy Jyxke Onu3bKy 10 okTaenpa. Ha moBepxHi Oyi0 BUSBIEHO HACTYIIHI
neeKTH: MPUTYIUICHHS BEPIIMH IPaHsAIMHU Ky0a, MPUTYIUIEHH] a00 37BO€HI TpaHel, CXOAUHKH
POCTY Ta HEPIBHOCTI MTOBEPXHI, 1110 MaKOTh XBIWISICTHH Xapaktep (puc. 1). Skmio nepiia rpyna
neeKTiB 1MOB’s13aHa 3 pSKUMaMH CHHTE3Y, TO OCTaHHIA HMOBIpHiIlle TIOB’I3aHUH 13 IPOLIECOM
BiJTOKpPEMJICHHS KPUCTAIy Bl MAaTPUIIl PO3ILIABY.
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Puc. 1. 306pasicenns xpucmanie muny Ib okmaeopuunozo eabimycy 3 0ociionoi napmii
Jlxepiio: po3po0iIeHO aBTOpaMu.

Jlnist aHauTi3y TeOMETPUYHHX po3MipiB MoHOKpucTaliB B IHM im. B. M. bakyns po3pobieno
BianoBigHe CTII, 3riqHo 3 SIKUM JTiHIHHI PO3MIPH KPHUCTAIIB, IJIOCKO MapasesibHICTh TPaHeH,
BUMIPIOIOTHCS 32 JIOTIOMOTOI0 IIU(PPOBUX MIKPOMETPiB a00 HU(PPOBUX IITAHTCHIUPKYJIIB 13 I1i-
Hoto monuiku He MeHmie 0,01 MM. Y 1iif poOOTI BUMIPIOBaHHS MPOBOIUIMCH 33 JIOTIOMOTOIO
mdposoro mranreHuupkyms ¢pipmu UKS mogeni DCzag81520773 3 TOUHICTIO BUMiIpIOBAaHHS,
110 BI/IMOBiIa€ BUMOTaM CTaHJapTy Ta moxuokoro £0,01 mm [7].

JU1sl yHUKHEHHS BIUTMBY (pakTOpy TPEeMOpY pyK OyJI0 MPUIHATO PillIEHHS] BAKOPUCTOBYBAaTH
JOJIATKOBY amaparypy s (ikcariii amMasy B Ipoiieci BUMiproBaHHS. SIKIIO JU1si BUMIPIOBaHHS
3a JIOTIOMOT'OI0 MiKpOMeTpa BUKOPHCTOBYETHCS CHELiaJIbHUNA CTOIMK 200 CKoOa, TO B HALLIOMY
BUIIA/IKy BUKOPHCTOBYBABCSI 3aTUCKaY 13 INIOCKUMH I'yOKaMu BJIacHOro BUpoOHUITBA. BuMipro-
BaHHSI IPOBOAMIIMCH O€3MOCEPEIHbO Ha TUX TPaHsX, [0 BUCTYIAJIN HaJa ryOKaMH 3aTHCKaya,
ToMy He OyJ10 HEeOOX1JHOCTI y BHUCOKil TOUHOCTI BUTOTOBJICHHS MOTO YacTHH. SIK mporrapox
MK METaJeBUMU I'yOKaMH Ta KpUCTAJIOM PO3TAIllOBYBaBCs TeXHIYHMN Oapxar [9], BupizaHuit
BIJIOBIAHOT IPSIMOKYTHO1 (hOpMHU.

Ha >xanb, HUHI CTaHJAPTHOI METOJMKY BU3HAYEHHS IPAHUII MILIHOCTI IIPU CTUCKY JUIS aJl-
Ma3iB He icHye. [Ipote € JICTY 3292-95 [10] mist BU3BHaYSHHS TTOKA3HUKA CTATHYHOI MIITHOCTI
JUIS aJMa3HUX NopomikiB. CTaTHYHa MILHICTh BU3HAYAETHCS K MAKCUMaJIbHE HABaHTa)KEHHS,
IIPY SIKOMY BiI0YBa€ThCsl pyWHYBAaHHS aIMa3HOTO 3€pHA, [0 PO3TAIIOBAHO MiX JIBOMA Iapare-
JHHUMU TUTACTHMHAMHU 3 TBeporo cruiaBy BK6.

3riguo 3 JICTY 3292-95 [10] 3 BuroToBieHoi mapTii B 166 MTyK MOHOKPHCTAIB JOBILTb-
HUM IIIsIX0M Oyiio Biiopano 10 mryk, mo € B Mexax 5...10 % Bix maprii. Sk yxe 3a3Hadanoch
paHimie, TOBXKHHA pedpa sl KPUCTATy € BETMUYNHOIO HE CTAJIO. Y TOTO CaMOTr0o KPHCTAaTy IS
BeJIMUMHA MOXKE 3MiHIOBaTHCh B Mexkax 0,91...1,29 MM, Tomy Oynio IpUHHATO pimieHHS 3a 6a-
30BYy BEJIMYMHY JOBXKUHU peOpa OpaTu cepelHe 3HaUeHHS 32 BOCbMa BUMipaMu. 3HaU€HHS pPo-
3Mipy pebpa OKTaezpa po3paxoByBajoch 3a (POPMYIIOL0:

g Bt A A, +a A+ +a
8
ne ai, az, as, a4, as, as, ai, as — 3HaU€HHs BUMIpiB pedpa okraenpa. JlaHi 3a BUMipaMH 3aHECEHI
JI0 TAOJIHILI.

XiMiko-TepMiuHa 00po0OKa 3/1iiCHIOBaNAch y MyelbHiH 1edi B JIy>)KHOMY CepeIOBHIL ITPH
temnepatypi 600 °C. Y pe3ynbTaTi 00poOKHM Ha MOBEPXHI KPUCTAIIIB MoYain GopMyBaTucs He-
piBHOCTI y (popMi BUCTYIIAIOUMX TpaHel okTaeqpa Ta Kyba (puc. 2). BisyanbHuil anani3 3MiHu
CTaHy MOBEPXHI 3/IIHCHIOBABCS 3a JIOMTOMOTOI0 010JIOTTYHOTO0 MIKPOCKOIA, OCHAIIEHOTO M-
POBOIO KaMepoIo.

2
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100 MKm

500 MKm

Puc. 2. llImyuni arma3zu nicisn Ximiko-mepmiunoi 06pooxu
Jxepro: po3pobIeHO aBTOpaMH.

Xapakrep pyHHYBaHHS 3pa3KiB Kpuxkuil. [IoBHe pylHYBaHHS MOHOKpHUCTAIy Ha IpiOHI
yaaMKu B110yBaeThcsi Maixke MUTTEBO. CIlij] 3a3HAYUTH, 1110 JUIS KPUCTAIIIB, sIKI BATPUMYIOTh
nHaBanTaxeHHs 4000...10000 H, 3menmryerbest po3mip yiaamkis (puc. 3).

500 MKM 100 mKm

Puc. 3. Imyuni armasu 3pytinosani é pe3yiomami eKcnepumenmy

3 8U3Hauenus cmamuynoi miynocmi 5800 H
Jxepio: po3po0IieHO aBTOPAMH.

3rigao 3 ICTY [10] cratnyHa MIIHICTD — II€ 3yCHIUIS, TIPU SIKOMY BiIOyBa€ThCsl pyHHY-
BaHHsI KpUCTaia. 3HAYeHHs] BUMIPIOBAHHS HABAHTA)KEHHS pyWHYBAaHHS JAJIS TOCIITHUX MOHOK-
pucranis tumy Ib okTaenpuyHoro rabitycy, miIaHux TepMidHiii 00poOIli, HaBeeHI B TAOIHUII.
Tabmuus

Pesynomamu eunpobyeans i3 susnaueHHs cmamudnoi miynocmi monoxpucmanu muny Ib

Ne biuna rpanb a, MM 3ycuiis, H XapakTep pyiiHyBaHHS

1 0,86 4850 Kpuxkwii, MOBHICTIO 3pyHHOBAHO
2 0,94 3000 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
3 1,177 4850 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
4 1,192 4350 KpuxXKHii, TOBHICTIO 3pYHHOBAHO
5 1,202 3700 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
6 1,23 6500 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
7 1,25 5800 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
8 1,33 5650 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
9 1,502 3000 KpHXKHii, TOBHICTIO 3pYHHOBAaHO
10 1,553 3250 KpuxKuid, IOBHICTIO 3pyHHOBAaHO

Ha ocHoBi nanux Tabnwmi Mu noOyayBanu rpadik po3moaiIeHHsT BETUYNHI KPUTUIHOTO
HaBaHTAXXCHHs CTHCKAaHHA a00 CTaTMYHOI MIIIHOCTI BiJl po3Mipy MOHOKpHCTaia (puc. 4).
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Puc. 4. 3anesxcnicmo cmamuunoi miynocmi 8i0 008cunu 6iuHOT epami

MoHoKpucmanie aimasy muny Ib
JIxepio: po3po0IeHO aBTOPaMHU.

3riJHo 3 puc. 4 cTaTMYHA MILHICTh Ma€ 3BOPOTHY JIIHIHHY 3aJIe)KHICTb BiJ] JOBKUHU O14HOT
rpani. Haif0ipry craTiyHy MIIHICTh MAIOTh KPUCTAJIH, TOBKHHA OIYHOT rpaHi JJIsi SAKUX HE
nepeBunrye 1,25 Mm. 3Ha4eHHS CTaTUYHOT MIITHOCTI JJIs BiliOpaHUX KPUCTAIIB CYTTEBO 3Mi-
HIOETHCS B1JI KPUCTAITY 10 KPUCTAITY, OHAK TOTO CJIiJI 3a3HAYUTH, 1110 1 JJIs1 KPUCTAJIIB, TOBKHHA
01uHOi rpaHi AKUX MeHIIa 3a 1,25 MM € KpUCTallu 3 HIDKYUM 3HAUEHHSIM CTaTHYHOI MIITHOCTI.
MeTo/ ONITUYHOTO CIIOCTEPEKEHHS Ta aHaIli3y CTaHy IMOBEPXHi HE J]a€ BiIOBIIb HA MUTAHHS,
3 YUM TOB’S3aHO TaKi 3MiHU. TakuM gyuHOM, 1711 KpucTaliB Ty Ib Toro camoro rabitycy mo-
TpiOEH DOAATKOBUM CITOCIO KOHTPOJIO SKOCTI, IO JIaCTh 3MOTY OIIIHUTH MIIlHICTh KPHCTAIIB
HEPYWHIBHUM METOJIOM 1 PO3IOAUIATH TaKi KPUCTAJIH TI0 TPpyTIax.

BucHoBku. Bucoka cratuyHa MIiIIHICTh CHHTETUYHHX ajiMa3iB Tumy Ib okTaenpuyHoro ra-
oitycy po3mipom 1100/1600 micast XiMiko-TepMidHOI 0OpOOKH POOHTH I1i KPUCTAJIM MPHUAAT-
HUMH JIJIs1 BATOTOBIICHHsI OypOBOTO Ta MPABJISUOTO IHCTPYMEHTY. SIK 1 7151 BUX1THUX KPUCTAIB,
TakK 1 /U1 KPUCTAIB MicIs XIMIKO-TEpMIYHOT OOpOOKHM CTaTUYHa MIIHICTh OYMHAE 3MEHITYBa-
TUCH 31 30UIBIIEHHAM PO3Mipy KpHcTaia. EkCriepuMeHTaIbHO MIATBEPIXKEHO, 10 KPUCTAIIH
1000...1200 MkM MatoTh OiIbIIIE 3HAYEHHSI KPUTUYHOTO HABAHTAXKEHHS, HK KPUCTAIH, JiHIH-
HU po3mip skux 1300 MM 1 6inb1ie. Cepen HEJOMIKIB TAKUX KPUCTAJIIB, OTPUMAHUX METOJIOM
HP-HT cnioHTaHHOTO CHHTE3Y, MOJKHA HAa3BaTH CYTTEBUI PO3KHU 3HAYEHb CTATUYHOI MIITHOCTI
HaBITh JUIsl KPUCTAIIB, SIKI MAalOTh OAHAKOBI po3Mipu. st kpuctanis Tumy Ib BijncyTHICTh He-
PYHHIBHMX METOAIB KOHTPOJIO SIKOCTI. SIKIIO XapakTepUCTUKU MINHOCTI Kpuctany tumy IIb,
aJIMa3Hi MOPOLIKH, 1110 HAOyJIU IHUPOKOTr0 3aCTOCYBAaHHS Y BUPOOHUIITBI OypOBOTO Ta MpaBIis-
YOro IHCTPYMEHTY, FapHO KOPEJIOIOThCS 3 pe3yJbTaTaMH BUMIPIOBAHHS MAarHiTHOTO CIIPHi-
HATTS, TO JUI KpUCTaiiB Ib Taky 3aJie)KHICTh OTpUMAaTH HE MOXHA, OCKUIBKA BOHU € HEMArHiT-
HUMH. [IuTaHHS HEPYHHIBHOTO KOHTPOJIS JUTSl TAKUX aJIMa3iB € 1 TOC1 aKTyabHHM.

CnucoKk BUKOPUCTAHMX JIZKepeJt
1. Change of dislocations density in single crystals of various types diamonds depending on the
growth temperature and rate / O. M. Suprun, G. D. Illnitskaya, V. A. Kalenchuk, O. A. Zanevskii,
S. N. Shevchuk, V. V. Lysakovskii // Functional materials. — 2016. — V. 23, Ne 4, — Pp. 552-556.
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DEPENDENCE FOR SYNTHETIC DIAMOND LARGE CRYSTALS TYPE Ib
OF OCTAHEDRAL HABITUS ON THEIR SIZE AFTER CHEMICAL-THERMAL
PROCESSING OF STATIC STRENGTH

The use of large single crystals of diamond, grown by HP-HT with the latest technologies in drilling tools, can improve
the productivity of the drilling process, increase the penetration rate, reduce wear of the main matrix, and provide a safe
working environment when drilling solid rocks.

For an informed choice or design of the working part of the drilling equipment, an analysis of the functional purpose is
important. The main role here is played by the factor of complexity of geodetic conditions: the angle of drilling, fracture
toughness and class of rocks, their changes with the depth of drilling.

Analysis of studies and publications on functional analysis showed that diamonds should not only have high hardness
and static strength, they should have a high value of thermal strength and chemical resistance, which will allow them to be
used with sufficient efficiency when developing wells in difficult geological conditions. However, the main indicator of the
suitability of such single crystals is still strength. It has been experimentally proven that the main type of diamond wear during
drilling is partial or complete chipping of the protruding part of the crystals. Thus, the bits are equipped with harder diamonds,
they will allow to process harder rocks without chips, reduce wear of the matrix itself, provide higher drilling speeds along
with a decrease in energy consumption and consumption of consumables, for example, drilling mud.

The purpose of the article is to analyze the effect of chemical-thermal exposure, as an integral part of the technological
process of manufacturing drill bits, on the tensile strength of synthetic diamonds of octahedral habit type Ib obtained by HP-
HT technology.

Based on the data obtained experimentally, the work shows the suitability of synthetic diamonds as part of a functional
cutting tool for drilling and geological exploration. The optimal size of crystals was determined, at which a sufficient level of
strength is provided. The falling dependence of the strength on the edge length of the investigated diamond single crystals is
graphically demonstrated.

For the first time, the paper presents a study of the effect of chemical-thermal treatment as part of the technological
process of manufacturing a drilling tool on the strength of non-magnetic single crystals of synthetic diamond type Ib. The
presented materials can be used for a reasonable choice or design of drill bits impregnated with large single crystals for drilling
and geological exploration.

Keywords: single crystal; type Ib synthetic diamond; octahedral habitus, static strength, diamond tool.

Fig.: 4. Table: 1. References: 10.

ITucap M., 3akopa A., babak A., IBaxaenko C., 3aneBcokuii O., Inpauneka I'., 3akopa €. 3a1exHICTb CTaTHYHOI MIITHOCTI KPYITHHX KPHCTANIB
CHHTETHYHOTO aiMa3y Ty Ib okTaeapuyHOro rabiTycy, micist XiMiKo-TepMidHOT 00OpOOKH, BiJl IXHBOTO po3Mipy. TexHiuni HayKu ma mexmo-
noaii. 2021. Ne 4(26). C. 43-49.
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ASSESSMENT OF ROLLING BEARINGS OPERATING CONDITIONS

The article examines the possibilities of ensuring the reliability of the rolling bearings of the equipment used in the
process of painting aluminum sheets. It was noted that the fully mechanized production line at the enterprise ensures the pro-
duction of high quality aluminum sheets. However, the productivity of the technological equipment used in the dyeing process
and the rejection of the bearings have a negative impact on the efficiency of production.

Technological machines and equipment work in Azeraluminum OJSC in particularly difficult conditions, and therefore
there is a need to increase the reliability and longevity of the used roller bearings. The operating conditions of the bearingss,
the distribution of loads between the rolling elements, as well as the contact stresses in the bearings details were assessed.

Keywords: rolling pads, operating conditions, load distribution, contact voltages, painting process.

Fig.: 2. References: 12.

Urgency of the research. One of the main features of the economic landscape of Azerbai-
jan in recent years is to ensure the rapid development of the regions. The current regional de-
velopment strategy is a clear example of this. Azeral-Minium is one of the leading enterprises
in the non-oil sector in the country. The company is a leader in the production of aluminum
oxide, primary aluminum and other semi-finished metal products.

The company's main enterprise - Azeraluminum OJSC is located in Ganja. The complex
includes an Electrolysis Plant, Anode Processes Plant, Metal Casting and Continuous Rolling
Plant, Pressure Processing and Dyeing Plant, other workshops, ancillary production areas and
infrastructure facilities. The Azeraluminum OJSC was founded in March 2008. The company
uses modern technologies in the production of long aluminum sheets. Unlike traditional tech-
nological processes, a number of operations that limit the efficiency of the production of long
sheets of aluminum alloys have been eliminated.

Target setting. At present, a highly efficient production process has been achieved at the
OJSC using advanced technological operations. The company implements continuous casting
technology of aluminum ingots. It combines several important technological operations. The
basis of production is a ball casting process, in which the processes of crystallization and de-
formation of the liquid metal are carried out simultaneously.

As a result, a number of technological advantages are achieved: low energy capacity and
high environmental friendliness of production; low capital and operating costs; application of
the temperature of the liquid metal supplied to the rolling shafts to the deformation of the paste;
direct purchase of the product by continuous casting of liquid metal. One of the important joints
used in the roller casting process is the pads, which are attached to the rolling shafts.

Actual scientific researches and issues analysis. The longevity and reliability of roller
shafts largely depend on the service life of the bearings [1; 2]. Observations showed that the reli-
ability of the technological equipment used in the Pressure Processing and Dyeing Plant of Aze-
raluminum OJSC is not high and is mainly due to the bearings joints of the equipment. Pillow
joints act as the most responsible knot of technological equipment in the dyeing process. Failure
of these nodes leads to disruptions in process equipment and production processes [3; 4].

Uninvestigated parts of general matters defining. Therefore, the Azerbaijan University of
Technology (UTECA) has studied the possibilities of increasing the reliability and longevity of the
bearings joints of equipment used in the process of painting aluminum sheets at Azeraluminum-
OJSC. As part of the research, complex research was conducted in the paint shop of the plant.

The research objective. This article examines the following issues: assessing the operating
conditions of the bearings and the distribution of loads between the rolling elements; calculation
of contact stresses in pillow details; reasons for failure of bearings; technological process of
painting aluminum sheets; technical characteristics of bearings in painting equipment.

© I'ymies C. C., 2021
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The statement of basic materials. It is known that the rejection of pillow joints leads to
equipment downtime, reduced productivity and increased cost of production. The reliability of
pillow joints depends on the service life of its individual elements. Therefore, increasing the
longevity of bearings is a topical scientific and technical issue [3; 4].

Our observations in the painting shop of Azeraluminum OJSC showed that the longevity
of bearings is related to the degree of wear of their individual elements [5; 6]. During the oper-
ation of the bearings, wear occurs due to the friction force on its elements. As a result, the pillow
elements change their size, their accuracy decreases and abnormal gaps appear. There are
shocks on the pillow elements and they break down in a short time. Therefore, it is important
to take effective preventive measures against the wear of pillow elements in the painting shop.

It has been determined that the main types of wear on the elements of roller bearings are
as follows [7; 8]: mechanical wear occurs as a result of mechanical impact; mechanical-corro-
sion erosion occurs as a result of both mechanical and chemical effects; Abrasive corrosion
occurs as a result of solid particles falling between friction surfaces and scratching surfaces;
erosion is caused by the action of liquid or gas jets; Fatigue is the result of the abrasion of
friction surfaces that have been working under load for a long time [9; 10].

It was determined that the wear of rolling pads in the painting shop takes place in two stages:
in the first stage, the roughness on the surface of the newly prepared parts is eaten and falls to normal
size; in the second stage, wear occurs during subsequent operation of the parts [11; 12].

Aluminum sheets entering from the pressure treatment plant are placed on the slope of the
loading cart with a bridge crane. The loading cart is lifted up and brought to the center line of
the sheet unloading device. To make a closer contact with the sheet, the shaft is opened, then
the loading machine is lowered and stops in the holding position, waiting for the next sheet.

The device is equipped with a clamp that holds the outer diameter tightly to prevent sudden
separation of the sheet when cutting the winding tape of the sheet, and makes it easier to send the
last sheet to the tension shafts. The traction block is used to send the end of the sheet to the scissors
and the sewing machine. The incoming sheet is brought to the reference position on the machine,
and when the next sheet is completely emptied, it reaches the seam position of the two strips.

There is a centering block at the end of the entrance storage block. The operating panel
with the first control buttons automatically controls the operation of the equipment at the en-
trance. The sheet entering from the inlet storage cart enters the primary cleaning unit (9) through
the traction shafts and the accumulator junction. The block is equipped with a water tank and
rotating brushes, where both sides of the sheet are washed with hot alkaline solution.

The second cleaning tank with rotating brushes is used to remove any oil residue stuck
to the surface of the sheet. Heated solid alkaline solution and brushes clean both sides of the
sheet. Subsequent spray tanks are designed for complete washing. The sheets with oily sub-
stances on the surface are washed again with hot water, and the last tank removes various
residues from the surface.

The cleaned sheets pass through a drying oven and enter between the chemical shafts, where
a galvanic coating of chromium is applied on both sides of the sheets. After passing through the
chemical shafts, the sheets again enter the drying oven. The sheets leaving the drying oven are
passed through a centering mechanism and sent to the painting machine for painting.

The coloring machine can paint both sides of the sheet, and the painting can be done in the
forward and reverse directions. The sheets leaving the dyeing machine pass through the vulcaniza-
tion furnace. Here the solvents are evaporated, the sheets are heated to a certain temperature and
vulcanized. After leaving the oven, the sheets are cooled with a water jet. The cooling system also
provides centralized wrapping of the sheets. The cooled sheets are first dried with hot air, then
passed through the tension rollers to the primer (19), and then to the primer on the back of the sheet.
The painted sheet passes through the drying oven, water and air to the hot air drying position.
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The dried sheet is fed to the outlet accumulator by means of traction shafts, and from there
by means of traction shafts to the guide table, cutting shears, transmission shafts and finally to
the roll winding device. Photoelectric regulators are located between the winding and traction
cylinders, where the sensors read the relevant information and send a signal to the control sys-
tem when an error is detected. Thus, the measurement accuracy of the sheets is fully automated.
When the required roll diameter is obtained, the winding machine stops and the cutting machine
cuts the sheets to the required length.

Thus, the fully mechanized technological line at Azeraluminum OJSC provides the pro-
duction of high quality sheets with a thickness of 0.2...1.0 mm and a width of 700...1300 mm.
The reliability and longevity of the pads have a direct impact on the productivity and continuous
operation of the technological equipment used in the dyeing process. Research conducted at the
dyeing plant has led to the following conclusions [7]:

1. One of the most responsible parts of the technological equipment used in the painting
process is the pillow joints, the productivity of which is directly determined by the reliability
of the bearings. Failure of bearings joints leads to downtime of technological equipment and
processes, which reduces production efficiency.

2. The maintenance measures provided to the pillow joints during operation are not suffi-
cient to extend the service life of the bearings. The low quality of the lubricants used also has a
negative effect on the longevity of the bearings.

3. Violations in the assembly and installation of roller bearings have a negative impact on
longevity. The low quality and improper selection of sealing elements also have a significant
negative impact on the reliability of the pads.

4. Technological machines and equipment work in Azeraluminum OJSC in particularly
difficult conditions and therefore there is a need to increase the reliability and longevity of the
used roller bearings.

The roll opener operates radial spherical bearings 3616 with two rows of rollers. These
bearings have a greater carrying capacity than bearings of the appropriate size. These bearings
are produced at the pillow factories in Samara (Russia) and Minsk (Belarus).

11311 double-row ball bearing radial pads are used in roll tension shafts. These bearings
are produced at the Kharkiv (Ukraine) pillow factory. The roller winding device uses radial
spherical pads with two rows of rollers No. 3520. The rollers are placed on the inner rings with
two runways and the outer rings with one spherical runway.

The technical characteristics of the rolling pads 3616, 11311 and 3520 listed above are as
follows: Internal diameter of pillow No. 3616 (d) - 80 mm; outer diameter (D) - 170 mm; width
— 58 mm; number of rollers - 28 pieces; dimensions of the roller - 24.5x22.11 mm; weight - 6.6 kg;
dynamic lifting capacity - 392 kN; static lifting capacity - 480 kN; rated speed - 2600 rpm.

Internal diameter of pillow number Ne 11311 (d) - 55 mm; outer diameter (D) - 130 mm;
width (B /L) - 31/47 mm; weight - 2.37 kg; diameter of the ball - 15,875 mm; number of balls
- 32 pieces; dynamic lifting capacity - 57.2 kN; rated speed - 5300 rpm. Ne Internal diameter of
pillow number 3520 (d) - 100 mm; outer diameter (D) - 1480 mm; width - 46 mm; weight -
5.15 kg; number of rollers - 38; dimensions of the roller - 20x16.7 mm; dynamic lifting capacity
- 330kN; rated speed - 2400 rpm.

It was found that the radial force acting on the rolling pads is unevenly distributed between
the rolling elements of the pad (Fig. 1). All loads are accepted by rolling elements located in
arcs smaller than 1800. The rotating element in the direction of the radial force is more loaded.
Depending on the plane of action of the radial force, the rotating elements symmetrically placed
are evenly loaded.
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The distribution of force between the elements of rotation is a statically unsolvable prob-
lem. The radial force acting on the pad is Fr, the force acting on the heavily loaded rolling
element is FO, the force acting on the rolling element at an angle y with respect to the plane of
impact of the load is F2, and so on; We denote Fn by the force acting on the rolling elements at
an angle ny.

Fig. 1. Distribution of forces acting on the rolling pad

The equilibrium condition of an inner ring loaded with a radial force can be written as
follows:

Fr = Fo +2Ficos y + 2Fzcos 2y+...2Fncosn y, Q)
where y =3600 / z is assumed; z is the number of balls; n is half the number of rolling elements
in the loaded zone. In addition to the equilibrium equation, we use the displacement equation
to solve the problem. Assuming that there are no radial gaps in the pads, it can be assumed that

the rolling element and the deformation of the rings are equal to the corresponding projections
of the complete displacement of the ring 60:

0,=0,C08y; O, =0,C0S2);..ccc0rumn. ; 0, = 0, cosny; (2)

where i is the number of the scroll element. According to the theory of elasticity, there is the
following relationship between the displacement of two compressed elastic bodies, ie the balls
of the pads and the rings, and the compressive force [5]:
5=C F% (3)
where C is the coefficient of proportionality; F is the compressive force.
If we express the deformations in the displacement equations by force, then

F1=Focos®?y, F2=Focos®?2 y, Fi = Focos®?iy. (4)

If we consider these dependencies in the equilibrium equation, then
Fr=Fo(1+2 X, cos*/? iy) (5)
By multiplying and dividing the right side of the formula by z, we determine the force FO:
Fo=KF/z (6)
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Replaced with K = : i here. The number of balls is K =4.37 + 0.01 for

1+2>"" cos®iy
bearings with z = 10 ... 20. If we take into account the gap in the pads used in real conditions,
we can assume K =5 for single-ball radial pads. Then you can write:

Fo =5F/z. (7)

Given the uneven distribution of the load between the rows in two-row spherical pads, the
force acting on the heaviest load can be determined as follows:

Fo = 6F/(zcosa). (8)
For roller bearings, this problem can be solved in the same way as for ball bearings. How-
ever, the line of dependence between the displacement & and the compressive force F is as-

sumed, ie 6 = C1 - F (C1 is the coefficient of proportionality). Similar to ball bearings, the
maximum force for roller bearings is expressed as follows:
Fo=KFr/z. 9)

For roller pads between z = 10 ... 20, we assume K = 4, K = 4,6, taking into account the
spacing. For spherical pads with two rows, we assume K = 5.2, taking into account the unequal
distribution of force between the rows.

Thus, calculations have shown that the balls of radial-bearing pads loaded with radial force
are loaded 1/ cos a (a is the angle of inclination of the contact line) 1 times more than those of
radial bearing pads. This argument leads to the wider application of roller bearings in techno-
logical machines and equipment [5].

After determining the distribution of the radial force acting on the bearings between its
elements, it is necessary to determine the contact voltages on the pads. It has been found that
the contact voltages at any point on the surfaces of the rings and balls vary with the pulse period.
The period of tension at any point on the escape routes of the rings is equal to the time it takes
for the next ball to reach a given point.

Such variability of contact stresses leads to fatigue wear of the working surfaces in the
pillow details. It has been found that fatigue resistance depends on the rotation of the inner or
outer ring of the bearings. The rotation of the inner ring is considered more favorable, because
at a value equal to the force FO of the load, the voltage at point a of the ring is greater than the
voltage at point b. Thus, the ball meets a convex surface at point a and a concave surface at
point b. In this case, the equality of the number of cycles of stress leads to the collapse of
fatigue, especially at point a. To equalize the operating conditions of the rings, the number of
voltage cycles at point a must be reduced compared to point b. This can be achieved by rotating
the inner ring. Thus, in the middle of the turn, point a is completely empty, and most of the
other half of the inner ring is not fully loaded.

It has been found that tensions in ball bearings occur at the starting point of contact between
the ball and the rings. After the load is applied, the contact takes the form of an ellipse, in a
small area. The maximum stress on the contact surface of the inner ring with the ball in the
contact zone can be determined according to the Hers formula as follows [9]:

2

3 |pp2f 21
o, =m \/FE (D—W—;J : (10)

where F is the load acting on the sphere, N; E - modulus of elasticity of the material, MPa; m
is a special coefficient, which is selected depending on the ratio of inverted head curves [8]. To
determine the maximum stress on the contact surface of the outer ring with the ball, write pa
instead of pi and ra instead of ri in the formula. For radial-bearing pads, the radii of curvature
ri and ra are defined as the ratio of the radius of curvature to cos a (Fig. 2).
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Fig. 2. Correlation between A / B ratio and m coefficient

It has been found that in roller bearings, the initial contact between the roller and the rings
occurs in a straight line [7]. The maximum contact voltage between the roller and the inner ring
can be determined as follows:

o, =0,418 E[i+%j, (11)

e w I

where Dwe and Lwe are the diameter of the roller and the effective length of the contact line, mm.

When determining the contact voltage between the roller and the outer ring, instead of ri in
the formula, ra should be written with a negative sign. For bearings materials, the maximum
allowable contact voltage is assumed to be 5000 MPa at the point of contact and up to 3000
MPa at the line. Thus, on the basis of analytical calculations, generalization of experimental
data and long-term observations of the technological equipment operated by Azeraluminum
OJSC, the following characteristic damage was detected in the roller bearings.

Fatigue was observed in bearings that worked normally for a long time. Thus, the sign of
the balls rolling in the rings occurs under the influence of changing forces. After a certain num-
ber of loading cycles, microcracks appear on the working surfaces. It is in these microcracks
that abrasions occur as a result of the ingress of lubricant. Fatigue is the main cause of failure
of roller bearings operating under heavy loads, which are well protected from contaminants [8].

It was determined that most of the technological equipment operated at Azeraluminum
OJSC operates in abrasive conditions. Despite the use of various sealants and lubricants, the
elements of the roller bearings are more prone to corrosion. The effect of centrifugal force and
rolling elements on the separator, as well as on axially loaded airbags, is more pronounced.

It has been found that the diameters of the rolling elements are not the same and that they do
not rotate at the same speed around their axis, so the separators are affected by different values of
force. As a result, the rolling elements not only cause the separator to wear out, but also cause the
slide to slip. These effects lead to the collapse of the separators. Disintegration of the separators was
mostly observed in high-speed pads. External signs of pillow failure have been identified: poor
rotation accuracy, high noise, a sharp increase in roll resistance, and heating of the pillow.

It has been found that the rolling elements of the pads and the splitting of the rings are due
to the inaccurate assembly, which causes the rings to bend and rivet, operating under shock and
vibration loading. Compression as a result of plastic deformation occurs mainly in slow-mov-
ing, heavily loaded pads, and crushing manifests itself in the form of depressions.
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Conclusions. Thus, it was determined that the engineering calculations of roller bearings
operated by Azeraluminum should be based on static load capacity due to permanent defor-
mation and longevity due to fatigue abrasion. The possibilities of increasing the reliability and
longevity of the bearings joints of the equipment used in the process of painting aluminum
sheets have been investigated.

The operating conditions of the bearings, the distribution of loads between the rolling ele-
ments, as well as the contact stresses in the bearings details were assessed. The process of paint-
ing aluminum sheets and the technical characteristics of the pads used in painting equipment
are analyzed. The main reasons for the failure of the bearings were clarified, the main types of
wear on the pillow elements and their characteristics were identified.
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acHUCTEeHT KadeapH iHKeHepil MallliH Ta JIOTiICTUKA
AzepOaifkaHChKII TeXHONOTIYHIN YHiBepcuTeT (IsHmKa, A3epOaiimkan)
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OIIIHKA YMOB EKCHJIYATAIIIi POJIMKOBUMX ITIIIIUITHUKIB

Poszensinymo moxcausocmi 3abe3neuents HAOIHOCME POIUKOSUX NIOWIUNHUKIG, W0 BUKOPUCIIOBYEMbCS 6 npoyeci ghap-
6ysanns amominiesux aucmis 8 ymosax BAT «Azepamominiiiy. Bioznaueno, uo nogHicmio Mexanizo8ana Jinis Ha NiONPUEMCmesi
3abe3neyye 6UNYCK UCOKOAKICHUX antominicsux aucmie. OOHAK NPOOYKMUBHICIb MEXHON02IYHO20 001a0HAHHS 6e3n0cepeOHbO
108 ’A3aHa HAOIUHICMIO NIOWUNHUKIE, BIOMOBU SIKUX HE2AMUGHO GNIUEAIOMb HA eeKmuUeHicmb UpoOHUYmMEA.

Ha ocnogi ananizy ymoe excniyamayii 6CmaHo61eHo, o 0OHIEI0 3 HAUOLIbW 8I0N0GIOANbHUX YACTHUH 0ONAOHANHSA, WO
BUKOPUCIIOBYEMBCS Y MEXHONLO2IUHOMY NPOYeci, € pOAuKo8i niowuntuxy. Buxio iz nady niowunnukie npuzeooums 00 npocmois
MexHON02IuH020 00NAOHANHA. 3ax00U 3 MeXHIYHO20 00CY208Y8anHs, nepedbayeni O NIOWUNHUKIE Ni0 yac ekxchayamayii, €
HedocmamHimu 0151 NPOO0BI’CEHHs IX mepMiny cayicou. Husvka axicmes MacmuibHUX Mamepianie maKoic He2amueHo 6NIuedA-
10mb HA MPUBANICHL POOOMU POTUKOBUX NIOUWUNHUKIE.

Topywenns npu cknaoanHi ma MOHMANCI POAUKO-NIOUIUNHUKIG HE2AMUBHO NOZHAYAIOMbCA HA 008208iyHOCmI. Husvka sk-
icmb i nenpagunbHULL NIOGIP YWINLHIOBATLHUX elleMEeNi6 MAKONC iCMOMHO NAUEAI0Mb HA HAditiicmb. TexHono2iuHi Mawuny ma
001a0HAHHS NPAYIOIOMb 8 0COONUBO CKILAOHUX YMOBAX | BUHUKAE HEOOXIOHICMb NIOGULeH s HAOTIIHOCMI MA 006208IYHOCI BUKO-
PUCIMO8YBANUX POTUKO-NIOWUNHUKIG. OYIHIOBAUCA YMOBU eKCRIYamayii NiOWUNHUKIE, MEeXHIYHI XapaKmepucmuky ma po3nooin
HABAHMANCEHHS MIJIC eleMeHMaMU, A MAKOXHC KOHMAKIMHI HANPYHCEHHS 8 0emanax niowuntuxis. [Ipoananizogano mexuonoeiu-
Hull npoyec apOysaHHs amoMiHIEgUX TUCMIE Ma 0cOOIUBOCMT 0ONAOHAHHS 8 PapPOY8ATLHOMY YeX).

Takum YuHOM, BUBHAYEHO, WO THHCEHEePHI PO3PAXYHKU 008208IYHOCMI POTUKONIOWUNHUKIE NOGUHHI IPYHIYEAMUCS HA
CMAMUYHILT 8AHMANCONIOUOMHOCII, OCKITbKU IX 8IOMOGU 8I0OY8AIOMbCS 3a PAXYHOK NOCMIUHOL deghopmayii ma uepes emomme
cmupannst. Mooicnugocmi niosuujents HadittHOCmi ma 008208I4HOCMI POIUKOGUX NIOWUNHUKIE, U0 BUKOPUCHIOBYEMbCS 8 NPO-
yeci ¢papbysants anoMinicgUX IUCMIB, NOG'I3AHI 3 NOKPAUJEHHAM IX YMO8 eKCIIyamayii, pieHOMIPHUM PO3NOOLIOM HABAHMA-
JHCEHb MIC eleMEeHMAMU, A MAKONHC 3MEHUEHHAM KOHMAKMHOI Hanpyau 8 0emanax niOwunHuKie. Ymouneno ocHo6ni npuiunu
8I0M0O8 Ma BUABNEHO 8UOU 3HOCY eleMeHMiI8 PONUKOBUX NIOUUNHUKIE.

Knrwuoei cnosa: ponuxosi niowuntuxu, Hadilnicms, YMO8U eKCHIyamayii; po3nooil Ha8aHMANCEHHs, KOWMAKMHI Ha-
npyeu; npoyec hapoyeants, mexHonoiune 00IAOHAHHS.

Puc.: 2. Bion.: 12.
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